SIGNAL TRAINING

Volume 2 Chapter 8

. Hot Box Detectors

Introduction

The hot box detectors are devices which can scan
passing‘trains to determine if a jéﬁrhal is becohing overheated,
thereby establishing information by which the offending journal
can be identified. Some installétidns include thié information
on a recorder at a dispatcher's location where it can be
visually obSefved. ‘Other'installafions provide this information
at a so-called readout location.ﬁhére it is observed by the
train crew and remedial action may be taken. |

The basic concépt'bf a hot box détector is thatﬂﬁheel
journal béarings, as a result of the friction involved, emit
infra-red radiation. The hot box detector determines the amount
of heat being radiated and if this amount is excessive, then an
alarm con&ition is created,

The scanning or Qbserving of journals of a passing train
is accomplished by the use of transducers located on the rail
in a direct relationship to the scanners. The scanners, actually
the sensors within, observe journal box condition. As the
wheel passes the lead transducer, it causes the scanner shutter
to open, allowing the sensor to observe heat in its range. The
heat observed is focused onto a heat cell located within the
sensor, which is, in turn, within the scanner housing. This
heat energy is converted into an electrical signal which is amplified

and applied to the pulse proées;orgﬁin the data processing unit. The




pulse processors further amplify the signal and raise it to a
level sufficient to drive the recorder. The signal from the
pulse procéssors, after further amplification, is applied to

the data control unit where gating and further system programming
1s accomplished. ‘

The term "gating" is used to represent the turning on and
off of the heat signal registered as the wheel is within the
range of the sensor; by action of the transducers immediatély
before and beyond the scanner.

At this point, what happens with the defined heat signal
is dependent upon the type of hot box detector system with which
you are actually working. .

After the train passes, the shutter will close to protect
the sensor lens assembly from damage.

In the basic bidiréctional system, Figure 1, magnetic wheel
detectors on both approaches to the scanner location initiate
system operation. The track-mounted equipment consists of two
mounting assemblies (scanner and blower), four wheel detectors,
three arrester boxes, two junction boxes, and connecting cables.
The basic bidirectional system also includes a modular equipment
cabinet, with plug-in printed circuit boards, which is designed
for mounting in a 19-inch rack in a way-side housing. This
equipment cah vary depending on the type of system.

A basic unidirectional system does not require wheel detectors
2 and 4, Figure 1, and a direction relay printed circuit board.
An optional reverse direction lockout feature is available to
avoid scanning in the reverse direction. The option usually
consists of an advance wheel detector and a direction relay

printed c¢ircuit board.
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The Santa Fe has several types of hot box detectors in
service. They are Serve 7707 and 8808 models and the GRS
Optically Gated Wheel Thermo-Scanner Unit. They both, basically
operate the same of course. They have their differences but
are all installed to do the same thing; prevent accidents. To
facilitate the following explanations and description we will
be talking about the GRS unit but keep in mind the Servo models
have similar equipment and are used in the same function.

GENERAL DESCRIPTIQON

Scanner

The scanner, Figure 2, consists of a radiometer and associated
.optics, ambient sensor, door operating mechanism, and environ-
mental heaters which are hdused in a sturdy cast aliminum case.
ihe case, and associated blower housing, are mounted on a steel
plate which is supported on shock mounts attached to the tie
bracket. Cabling within the scanner is completely plug coupled
for ease of maintenance. |

The scanner is activated by a wheel detector which accurately
detects the position of the wheel flange. The scanner scans the
wheel for heat radiation at a location on the hub very near the
end of the journal. (The journal (the end of the axle) itself
is inaccessible for direct measurement because of the wheel
bearing and its housing or box). This location has an advantage
over measuring journal box temperatures, in that the readings
for a given journal temperature are all the same.

1. Radiometer: |

The hermetically-sealed radiometer contains: an optical
system (which include§ a mirror in the bottom of the

scanner case) to focus radiated infrared energy from
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b,

the wheel journal onto an infrared detector, associated
electronics, and a shutter to protect the detector from

undesired stray infrared radiation.

Sensor:

The sensor, bolted to the outside of the scanner casé,
is epoxy encapsulated to ensure long life. The sensor
controls the temperature of a reference target heater

which i1s mounted on the inside of the scanner door.

Door:

The external scanner door is electrically operated and
self locking. It protects the radiometer from vaﬁdéls,
dirt, snow, etc. The door opens upon the arrival of

a train and closes.lk seconds after the last journal

1s scanned.

The door's self-lubricating bearings do not require

lubrication.

Heaters:

Mirror, cover, and door electric heaters ensure all-
weather operation. A small heater, mounted under the
mirror, melts snowrand evaporated moisture. A cover
heater and a door heater prevent snow and ice buildup
from interferring with the scanner door. A fourth
heater, mounted under the door, provides an 80 degree
F above ambient reference target temperature for the

detector.

Line Driver:

An encapsulated line driver, located inside the scanner

cover, matches the output impedance of the radiometer
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to the impédance of the line that runs to the wayside

housing.
Blower

The blower pressurizes the scanner with filtered air to
keep out snow, rain or foreign objects during the passage of‘
a train. It also partially clears the path extending part way
toward the wheel hub to help reduce snow blockage. The blower
operates only when the scanner door is open.

Wheel Detector

The wheel detector detects the presence of a wheel and
_brovides an electrical output at the instant the wheel is
within + 1/4 inch of the center of the wheel detector. See
Figure 4.

Modular Equipment Cabinet

The modular equipment system cabinet, usually installed in
a8 wayside housing, has space for the plug-in printed circuit
boards used in the system. The number and arrangement of the
boards depends upon the regquirements of the installation. For
carrier operation, the Data~Tran transmitter is housed in a
separate modular cabinet.

A mother.board in the back of the modular system cabinet
contains plug couplers to receive the printed circuit boards.
Yerminals on the back of the mother board enable jumpering
additional functions between boards and provide for input-ocutput
cable connections.

Operation

As the train approaches the scanner 1 location it first

passes over either advance wheel detector 3 or &, Figure 1,

This announces arrival and readies the system for operation.
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It also establiéhes train direction, which is used to select
the scanner ﬁheel detector preceding the centerline of the
scanner. For example,.if advance wheel detector 3 is actuated,
scanner wheel détectop 1 is selecfed. This diréction is
referred to as direction 1-2, with reference to the scanner
wheel detectors.

The train ;ext actuates WDl which causes the scanner to
scan the journals and convert radiated heat energy to electricity
on a proportional basis. The electrical analog of the wheel
heat profile is carried by cable to the housing where electronic
equipment extracts the information desired.

The activation of an advance wheél detector and selected
scanner wheel detector operates a lli-second timer which keeps
the system in operation. When the train slows and stops at the
scanner installation, the timer times out and the scanner reverts
to standby operation. If a track circuit relay contact is avail-
able, or if an overlay transceiver is provided, the direction of
train movement is retained. If, however, no track circuit
information is available, the train direction is lost. TFor this
reason, track circuits are recommended where trains may stop.
When the train starts again, the first wheel over an active wheel
detector reactivates the system which continues to scan the
remaining wheels until the last wheel passes, After 14 seconds,
the system again reverts to standby operation and, when the track

circuit clears, the directional memory is released.

System On Standby

During the absence of a train, the Wheel Thermo-Scanner
system is on standby. Standby operation involves a self-

calibration feature, which once every minute, opens the radiometer
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shutter. The normal optical path of the radiometer is, how-
ever, blocked by the door, which is closed during standby
operation. As previously described, the target on the inside
of the door is heated to a temperature above ambient which is
indicative of an overheated journal (hot box). This temperature
is usually set to between 60 and 80 degrees F above the ambient
(outdoor) temperature. Thus the radiometer reads the temperature
of the target. In the wayside housing, the amplifier gate board
analyses the output voltage; if it is at a level other than that
expected from a hot box, the gain of its amplifier is changed
to bring the output to the proper level. This gain is controlled
by a 32-step digital counter.

The heavy lines on the block diagram, Figure 5, outline
this operation. Starting with the heavy lined block, the
normally gunning pulser produces pulses once each minute. The
pulses pass through the gate control circuits and open the
shutter in the radiometer. With the door closed, the radiometer
reads the target temperature which is translated by the
preamplifier to a potential of about 1 volt. The heat pulse
is fed by the line driver in the scanner back through the cable
to the test unit board in the modular equipment cabinet where an
electronic circuit clamps the output pulse after a predgtermined
time, The clamp circuit terminates the heat pulse about 6 ms
following the opening of the shutter. The heat pulse is fed to
an amplifier and a peak storage device (a capacitor with isolation
circuitry). The device stores the highest voltage attained from
the time the shutter is opened until the signal is clamped.

A fixed voltage pulse (called a pedestal) is added to the

heat pulse. The pedestal serves to mark, on the pen recorder, the
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the passage of a train wheel which generates little or no heat.
pulse if the journal is cool or cold. The pedestal is normally
0.5 volt in height. The comblned heat pulse and pedestal is
fed through a gate circuit (controlled by the same gate pulse
that originated the shutter movement) to the comparator.

The comparator checks that the voltage of the combined
pulse (representing a hot journal) is between 1.8 and 2.2 volts.
If the voltage is not within these limits, sensing circuits
within the comparator step the 32-step stepper one step in the
direction required to correct the situation. The 32-step stepper
controls the gain of the amplifier through which the heat pulse
was fed before the peak storage. When the heat pulse is low,
the comparator causes the stepper to increase the gain in the
amplifier so that after one or more steps the pulse is of the
expected height. This ensures that, during normal operation,
heat measured from an overheated journal (at the same temperature
as the target) displayé a 10-mm pulse--the hot journal threshold.

A supplémental comparator circuit, the pulse rate selection,
governs the pulse rate of the normally running pulser by increasing
the rate from one per minute to ten per minute any time the
comparator detects a pulse out of tolerance. This ensures prompt
correction of any gain change and is especially valuable during
initial start up and test. Things which might cause a change in
the heat pulse output are dirt on the optics, component aging,
ambient température changes, and faulty system alignment.

A second supplemental circuit in the d2~step stepper is an
alarm circuit. It senses when the stepper has stepped either to
the top or bottom of its range. The circuit then causes the

pedestal selection to double the pedestal voltage, This doubles
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the height of the pedestal displayed on the pen recorder and
switches on a transistqr relay driver (for external alarm) to
Qaéﬁ the person reading the tapes that the system is no longer
able to compenséte for whatever condition is causing the heat
pulse reduction. When such a condition is corrected the
comparator steps the 'gain back down again to get the heat pulse
within tolerance. The comparator doés not operate during normal

system operation; just during standby.

Train Approaches

As the train approaches the scanner site it occupies the
track cibcuit (if one has.been provided) so that the @ireétion
eStablished when the train first actuates‘the a@vance,wheel
detector is maintained during the train;s presence. This may
be a spafe contact on an existing track relay, if such is
available, or it can be a series overlay. GRS can furnish a
series overlay on boards which plug directly into the modular
‘equipment cabinet. Referring to the block diagram, Figure 5,
the occupied track circuit fufnishes energy to maintain (stick)
the direction selector.

Train Actuates Advance Wheel Detector

The train, after occupying the track circuit, passes over
the advance wheel detector. The electrical pulse generated by
the wheel detector coil is fed over a cable to the wayside
housing where it is amplified and shaped by an amplifier-stretcher
which picks up an interlocked relay on the direction unit board
(the direction selector) to establish train direction. The relay
is held by the track circuit. The activated direction selector
selects the proper wheel detector for operating the scanner.

The géte generator associated with the advance wheel detector
andrthe selected scanner wheel detector have a second output--

T SN D
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to provide an advance start for taking the syétem out of Sténdby
and readying it for operation. The advance start circuit éétuates
a l4-second timer which is reset to zero when a wheel passeé a
wheel detector. The timer, in turn, operates a moving traih
relay as long as wheels keep resetting the timer and turns off

14 seconds after the last wheel pulse. While the relay is
energized, a pulse is deliﬁered to the recorder run memory which
activates the pen recorder and/or unmutes the carrier to operate

the office recorder. A second function of this relay is to

open the scanner door, removing the calibration target from the
view of the detector. A third function is to stop the normally
running pulser and hold the comparatof and, therefore, the 32-
step stepper in the position-it had attained at the time the
train arrived.

The distance between the advance wheel detector and the
selected scanner wheei detector must be long enough to allow the
door to open and the recorder to start before the train reaches
the scanner. For high speed trains (up to 85 mph) this
distance is 45 feet. With Data-Tran carrier and no overlay
- track circuit, the one second squelch time requires an advance
distance of 200 feet, |

Train Actuates Scanner Wheel Detector

When a wheel passes the selected scanner wheel detector,rthe
associated gate generator applies a 24-ms pulse to the gate
control-circuitry in the same manner as the normally running
pulser did during standby operation. The gate control circuitry -
opens the shutter allowing the detector to view the passing
wheel hub, which has in the meantime moved into view. The heat

received during the wheel scan is converted into electrical
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.energy in the same manner as described under standby operation.
The heat pulse is gated, amplified, stored, stretched, and added
to the pedestal through the gate circuit to the pen recorder
where it is displayed. This activity is repeated for each wheel
of the train.

Train Leaves

When the last wheel of the train passes over the selected
scanner wheel detector, the pen recorder receives its final
wheel heat indicétion. When the last wheel passes over the
trailing advance wheel detector, the lu-second timer receives its
last pulse. Fourteen seconds later, the timer turns off the
moving train switch which closes the scanner door, thus inter-
posing the calibration target in the detector Ffield of view.

The off pulse of the moving train switch starts a second timer
which, 1-1/2 seconds later (to give the door time to close),
puts a single pulse ipto the pulser to open the shutter in the
usual way. This action displays on the still-running tape
recorder one calibration pulse which causes a pen deflection to
the 10-mm line. This indicates that the system has been capable
of displaying this amount of heat as a hot journal throughout
the passage of the train. One and a half seconds after the
second timer operates, a third timer operates which turns off
the recorder run memory. This deactivates the pen recorder.
The action is the same for a train that slows and stops; the
recorder shuts off to conserve paper.

Following the scanner shutdown, -calibration pulse, and

recorder shutdown, the train eventually clears the track circuit.

~.When it does, the directional memory is dropped and the system

is ready once more to accept a train from either direction. The

i
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system is now in standby and returns to its self-compensating

function. EEEN S

Locating The Hot Box Detector

1. The Hot Box Detector site should be located on,tangéht‘
track at least 500 feet from the nearest curve or switch, in'
the normal direction(s) of traffic--500 feet will allow the
trucks to return to theirlnormal position so that they will .
not be skewed when passing the detector. On a curve at highos. ..
speed, centrifugal force will push the flanges toward the
outer rail, changing the normal geometry of rail and hqb’(tﬁe
hub is scanned). At low speeds on a curve, gravity will.pgllt;e
the flanges against the inner rail, again changing this
geometry. wg;wégﬂ L

2. The track at, and a suitable distance ahead of , & .7 32
scanner location should be reasonably levelm-prolonged[bnakipg T
can cause a false reading. O -

3. The scanner should be located where the train hasug: 2o,
been operating at normal speeds for about ten miles--this allows
time for hub heating to occur if a journal is defective. A T
distance over ten miles would be preferred when the scanner.
density (scanner/100 miles) is less than 10.

4. Track width should be held to gauge at least 100 feet
each side of a bidirectional scanner. Gauge wider than 4 feet,
8-1/2 inches should be avoided. Gauge should be properly . ...
maintained. Guard rails are not required. s

5+ The scanner should be located where there is an - .. .
adequate source of 120-volt a-c power--the line voltage. shoudd s
be capable of staying between the limits of 103 to 127~vogts,ﬂ=:

The circuit should allow one side to be grounded at the equipment

g 46




location--an isclation transformer may be necessary,

gﬁv‘ Locate the wayside electronic equlpment cabinet within
80 feet of the track-mounted equipment,

7. Ballast in the area of the scanner location should be
clean.. and flrmly tamped. The ties should be 1n good condition,

Detalled circuit plans and a handbook outllnlng the
specific type of installation are available at the location.
Instvuctlons for maintenance Procedures are available at the
ﬁlocatlon, and in your "A" Book. If questions arise they should
. be clarlfled through your Supervisor.

It is important that a hot box detector system be main-
tained properly. This will include relative position of
transducers and scanner to determine that a proper scan angle
is-maintained. It will also include that certain voltages be
© Kept within'specified tolerances and which will be measured
‘dt-prescribed test points. The method of obtaining these
voltages, and points at which they may be obtained, are far too
nufierous. to include within this Chapter, but you should be
cap%ibhed'that they are necessary. You will also recognize
that you should not make adjustments in voltages or other equip-
ment without necessary reason. This will apply regardless of
the type or manufacturer of the hot box detector.

‘The Model 530/531D Frequency Shift.Carriér System: from Harmon Electfonics
“is used at our hot box detector locations. This is used te relay 1nformat10n
"'to our end locatlons in the account of a hot journal, or a piece of dragglng
equlpment. (Refer to Vol 1, pp 1-48, on the dragging equipment detectors.)
This 'is done by running two wires each direction frem the Scanner location,
andkby carrier we can tell either end of a hot journal which specific wheel

‘is hotvand, of course, which rail has the hot journal. 1In addition, if a

8 4




:wlres?in both dzrectlons to get all this 1nformation to each ené 1ocatlon.

&dragglng brakashoe, loose strap, ete., hits ‘the dragging equzpmanﬁ detector,“%d 3 F

we. can. alarm the traln crew while at ‘the same time checking }nnznalsJ n'the-f7”

entlre-traln. If carrler was not’ used we would -have: to ‘run, SQvBr&l llne

-More information on carrler at hot box detectors ‘edn be. Found: in the’
,'manufacturers‘ Manuals, usually found at the hot’ box lecator. -~
Figure 6 is a map af all the! hot box detectors and- draggihg equlpment

*detectors on the Santa Fe System.’.Seaﬂthe legend fo:jgxplanatiqﬂ&;and“ins"

"fprmatlon.
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READIMG HOT BCX DETECTORS TAPES

11 hot box detector checks of pascing trains are recorded on pasper
tape. This serves the dual purpose of nroviding » writlen recozd of
each train checked and a useful trouble-shooting tool! in the event of

a system malfunction. MNost locations ~iso have a time and date printexr
which stamps the read out tape with the dete and time of each passing
train to aid in checking with train operation records for data on
specific trains. GRS time and date printers stamp time and date on

the upper edge of the front of the tape while the Servo printers stamp
the back of the tape. :

“he pens in the GRS recorder receive an impulse from the amplifier
cate logic card for each wheel that 1s scanned by the radiometer.
The Servo recorder receives impulse from the pulse processor, This
impulse is equal to a scaled pulse determined by the amount of heat
detected in the wheel hub plus the pedestal voltage.. Thus under
normal operation there will be & pulse for each wheel on each car

of the train. Generally spealking the S2rve lot Box Detector is set
to give an absolute alarm at a 16mm pen deflection and a differentisl
alarm at a 12mm pen deflection while the GRS Hot Box Detector is set
to give an absolute alarm at a 20mm pen deflection and a differential
alarm at a 14mm pen deflection, However, you must bear in mind that
all hot box detectors are very delicately balanced. Their performance
is individualistic.

Plate 8-1 from a GRS recorder shows the tape of a. normal check (no
Hot Box found) of & train with three lccomotive units and 101l cars.
Notice that a normal train often shows fairly uniform pulses for
each journal of the train. Also note the unusual pulse pattern for
the wheels on the cars on this train as compared to Fig. 3 Page 8-7.
This train is a 10 car piggy-back train using the Sants Fe's new
skeletonized “10-Pack™ piggy-back cars.

Plate ©-3 shows two tapes, the top of which shows a train consisting

of three locomotive units and 60 cars. Note how the space between
wheel spaces varies for the different length cars {especially the

extra short car ), Spacing will also vary with the speed of the train.
This train has a Hot Box on the second axle of the first car ahead of
the way car. Since the axle count starts with the hot axle, the read
out in this case would be 7S, meaning the seventh axle from the resr of
the train on the south side (S-7). This is indicated by the trace at
the bottom of the pengraph, the trace at the top of the pengraph being
the north raii. This alarm is an absolute alarm meaning that the hert
detected was high enough to warrant an alaxrm and an inspection without
regard to the reading obtained from the other end of the axle (which
would be a differential reading),

The bottom tape {from a different type of recorder} shows a differential
alarm on the second axle of the 45th car from the rear of the train, and
an absolute 2larm on the first axle of the 6lst car from the rear
of the train., The axle counts on these alarms would be N-179 and li- 244
respectively. Also note the lower normel pulses from the friction
bearing cars as to opposed to those of the wermer running roller bearing
CarsS. :

2
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Plate 8-2 shows two specisl cese tapes., The top'iape‘showing a8 brezk-
Ing train. Hote the much higher heat pulses due to the friction of
the brzke shoes againet the wheels. In this cese the hest is redizted
from the wheel tread %o +he hub whers it is “seen" by the scanner.
‘The veriations in the pulse heioght denote the difference in pressure
of the brske shoes on esch wheel,

with ftwo locomotive units angd
axle specisl hesvy equipment car, two "Idler Cers™, a special

T
16 2xle heavy ecuipment car, ancd two more cars.,
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