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[57] ABSTRACT

A circuit is provided for distinguishing electrical sig-
nals generated by a hot box detector scanner in re-
sponse to a passing roller bearing from those gener-
ated in response to a passing friction bearing. The cir-
cuit includes first and second capacitors for storing .
the maximum amplitude of each output signal wave
from the scanner and for storing the maximum ampli-
tude of each wave at a predetermined point. The ratio
of the charges stored on the capacitors is then ob-
tained. It has been found that for a roller bearing this

-ratio should approach unity while for a friction bear-

ing the ratio is not close unity. -

10 Claims, 2 Drawing Figures '
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ROLLER BEARING DISCRIMINATOR FOR A
RAILROAD HOT BOX DETECTOR SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates to a railroad hot box
detector system and more particularly to a circuit

which enables such hot box detectors to discriminate -

between passing friction and roller bearings.

A railroad hot box detector system is designed to pro-
duce an output for each journal bearing passing the de-
tector’s field of view. The output is roughly propor-
tional to the temperature rise of the journal bearing.
When an overheated journal bearing is scanned, the
magnitude of the output signal is usually conspicuous
when compared to the prepondera_nce of normal jour-
nal bearings on a particular train. The manner in which
the output signals are evaluated can vary in concept
and complexity depending upon many factors such as
cost, efficacy, and reliability.

One basic method of evaluation consists of displaying
the output signals as “pips” on a strip chart recording
with the pip-height representing the magnitude of the
detector output: Each axle generates a pair of pips rep-
resenting the two journal bearings, left and right, (or
Rail 1 and Rail 2), associated with each axle. A trained
observer can inspect such chart recordings and assess
various factors to decide whether a particular pip rep-
resents a possibly defective journal bearing,.

Methods have been developed to aid such trained ob-
servers, or to eliminate the human observer entirely, by
mechanizing the evaluation of hot box detector signals.
All attempts at total mechanization have been found,
by experience, to be less effective than manual evalua-
tion, due to the many variables which must be assessed.

One basic mechanization is a simple “absolute alarm
monitor”. In this scheme, any output pulse which ex-
ceeds a predetermined amplitude threshold generates
an alarm signal. Another mechanization compares the
two output signals produced by journal bearings at op-
posite ends of each axle; if the comparison indicates
that one heat pulse exceeds the other by a predeter-
mined amount, an alarm signal is produced. The com-
parison ' may be either geometric (i.e., the ratio between
the two heat signals is computed) or arithmetic (i.e.,
the algebraic difference between the two heat signals is
computed). The latter configuration is commonly
called a ‘‘differential alarm monitor”, - -

The combination of both an “absolute” and a “differ-
ential” alarm is in common use at the present time and
probably represents the largest percentage of auto-
mated or semi-automated evaluation devices in regular
service.

A fundamental limitation is imposed on the efficacy
of absolute and differential alarm monitors due to the
mixture of roiler bearings and friction bearings (also
known variously as solid or sleeve bearings) encoun-
tered on a given train. Due to physical differences be-
tween friction and roller bearings, the output signals
from roller bearings are significantly higher (all other
factors being equal) than signals from friction bearings

and the rail-to-rail differential generated by roller bear-

ings is also greater than that of friction bearings.

It has also been observed that there are characteristic
differences between the waveshapes of signals gener-
ated by passing roller bearings and friction bearings
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when scanned by a hot box detector such as the Ser-
vosafe Hotbox Detective system marketed by the Servo
Corporation of America of Hicksville, N.Y. The lead-
ing edge of the friction bearing has a slower rate of
change than its trailing edge, whereas the roller bearing
has essentially similar leading and trailing edge rates of
change. These differences result from two factors: first,
the manner in which the infrared sensor views the mov-
ing journal bearing (i.e., its field of view, scanning an-
gle, distance to bearing, etc., which in total comprise
the ““scan geometry”) and second, physical differences
in-the structure of the two bearing types.

In general, it is desirable to set alarm threshold levels
of both the absolute and differential alarm monitors to
some minimum value just above “‘normal” signal ampli-
tude (plus a “‘guard band” to accommodate reasonable
variations from the norm). However, such minimums
presently must be based upon roller ‘bearing norms
since these are higher than those of friction bearings.
Because of this, friction bearings must experience a
greater percentage rise above the norm than roller
bearings before tripping an alarm. Clearly, it would be
desirable to be able to distinguish between roller bear-
ings and friction bearings so that optimum alarm levels
may be applied to each type of bearing. :

In view of the above, it is the principal-object to pro-
vide a circuit which, utilizing the characteristic differ-
ences between the roller bearing and friction bearing
waveshapes, can discriminate, with reasonable cer-
tainty, between roller bearing generated SIgnals and
friction bearing generated signals. -

SUMMARY OF THE INVENTION
The above and other beneficial objects and advan-

‘tages are attained in' accordance with the present in-

vention by providing a circuit for distinguishing electri-
cal signals generated by a hot box detector scanner in
response to a passing roller bearing from those gener-
ated in response to a passing friction bearing. The cir-
cuit includes first and second capacitors for storing the
maximum amplitude of each output signal wave form
and the amplitude of the wave form at a predetermined
point. The ratio of the charges stored on the capacitors
is then obtained. It has been found that for a roller
bearing this ratio should approach unity or more partic-
ularly 1.2:1 while for a friction bearing the ratio is not
close unity.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings: .

FIG. 1 is a schematic representation of a roller bear-
ing discriminator circuit in accordance with the present
invention; and

FIG. 2 is a diagram cons1stmg of a series of graphs all
on the same time scale illustrating various waveshapes
through the circuit of FIG. 1 resulting from the passage
of a train with both roller and friction bearings past a
hot box detector system incorporating a roller bearing
discriminator in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Reference is now made to the drawings wherein a rol-
ler bearing discriminator circuit 10 is depicted inter-
connected (as much as is necessary for purposes of the
present description) thh a conventional hot box detec-
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tor system such as the previously mentioned SER-
VOSAFE HOTBOX DETECTIVE SYSTEM of the
Servo Corporation of America. The hot box detector
system includes a pair of scanners 12 and 14 including
trackside, infrared sensors 16 imaged respectively to
scan rails 1 and 2 of a railroad track. The construction
and connections of both scanners are identical and, ac-
cordingly, only scanner 12 is illustrated in connection
with rail 1. It should be appreciated that an identical
scanner would be provided for rail 2.

The outputs of the scanners comprise inputs, along
lines 18 and 20 to a data processing unit 22 which.am-
. plifies, clamps, shapes and otherwise processes the sig-
nals generated by the scanners in response to the infra-
red scanning of the bearings 24 of a passing train car-
_ riage 26. The processed signals, comprising the outputs
of the dpu 22, are then used to drive a recorder and/or

10

15

alarm monitors (not shown). The data processing unit -

22 also receives inputs along lines.28 and 30 from
wheel sensors 32.and 34 positioned along the rails of a
section of track in the v1cmlty of the hot box detector
installation.

The. wheel sensors 32 and 34 comprise standard'

- equipment on hot box detector systems and the various
_ functions, described below, which they perform, are
well known and appreciated in the art: Thus, the sensor

. 32 senses the approach of a train into the field of view
of the scanner and causes the system to perform certain
preliminary functions such as determining the direction
of approach of the train, opening protective aperture
blades in front of the infrared scanners, starting the
drive motor for the recorder and generating the start of
a WHEEL GATE signal in the dpu 22. The wheel gate
signal 33 illustrated on the first line of FIG. 2 starts just
before a journal box enters the field of view of scanner
16 as determined by sensor 32 and terminates just after
the journal leaves the field of view-of the scanner as
sensed by wheel scanner 34.

‘In addition to serving as inputs to the dpu 22, in ac-
cordance with the present invention the outputs of sen-
sors 12 and 14 serve as inputs to the roller bearing dis-
criminator circuit 10 along lines 36 and 38 respec-
tively. As previously discussed, the waveshapes of the
output signal from sensors 12 and 14 are determined by
the type of bearing being viewed. Accordingly, in FIG.
2, line 3, there are shown representative wave forms
typical in shape to the output signal 39 generated by
the passage of a roller bearing past the scanner and 41
typical in shape to the output signal of a friction bear-
ing past the scanner.

Additional inputs to circuit 10 are train direction and
wheel gate signals from the dpu along lines 40 and 42
respectively. As pointed out previously, both of these
signals are generated responsive to inputs from the
wheel sensors. An additional input to circuit 10 is along
line 44 and is the output of a third wheel sensor 46 posi-

_tioned along the rail intermediate to sensors 32 and 34.
As will be described in detail forthwith, the input to cir-
cuit 10 from sensor 46 is used to trigger a sample gate
signal 48 depicted on line 2 of FIG. 2. -

Roller bearing discriminator’ 10 includes a pair of
identical subcircuits, one associated with each of the
rails. Accordingly, the following discussion, directed
specifically at the circuit associated with rail 1, applies
equally to the circuit associated with rail 2. For conve-
nience, the components associated with the rail 2 cir-
cuit bear identical reference numerals to the corre-
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sponding components for the rail 1 circuit except as
specifically noted.

Accordingly, the present discriminator circuit in-
cludes an inverting amplifier 50 coupled to the output
of scanner 12 through a capacitor 52. The input to am-
plifier 50 comprises a signal in the form of waveshape
39 or 41 depending on whether the signal is generated
by the passing of a roller bearing or friction bearing.
DC restoration of the input signal to the amplifier is ac-
complished through the contacts 54 of a relay 56. To
this end, contacts 54 are closed at all times except
when the wheel gate signal 33 is applied to the relay
through a timing circuit 58 which receives the wheel
gate signal on line 42 from dpu 22.

The inverted and amplified signal at the output of
amplifier 50 is applied to peak storage capacitor 60
through diode 62 and contacts 64 of relay §6. Contacts
64 remain closed during the entire wheel gate and open
at all other times so that the maximum value of the am-
plified heat signal is stored on' capacitor 60 as a nega-
tive voltage.

The output of inverter 50 is also reinverted by a uni-
ty-gain inverter 66. The output of inverter 66 is peak-
stored on capacitor 68 through- diode 70 and contacts
72 of relay 74. Relay 74 is controlled by the timing cir-
cuit 58 to maintain the contacts closed during the sam-

_ple gate 48 -and open at other times. The- SAMPLE
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GATE is generated from the time the wheel passes sen-
sor 32 until it passes sensor 44. A positive voltage is
stored on capacitor 68 representing the maximum sig-
nal value attained during the sample gate interval.

An additional pair of sets of contacts 76 and 78 of
relay 56 are provided. These contacts, as with contacts
54 are opened during the wheel gate and closed at the
termination of the wheel gate. Accordingly, at the ter-
mination of the wheel gate, the voltages stored on ca-
pacitors 60 and 68 are applied to the network of resis-
tors 80 and 82 through contacts 76 and 78.

Referring briefly to FIG. 2, line 3, it can be seen that
the friction bearing heat signal 41 is generally triangu-
lar whereas the roller bearing signal 39 is generally
rectangular. Also, the friction bearing heat signal 41 is
longer in duration than the roller bearing heat signal.
Both of these differences are utilized in the present rol-
ler bearing discriminator. As can be seen from FIG. 2,
the maximum amplitude (V1) of the heat signal during
the sample gate period for the rollerbearing signal 39
is substantially equal to the maximum amplitude (V2),
of the heat signal during the entire wheel gate. On the
other hand, the maximum amplitude (V1) of the fric-
tion bearing heat signal 41 during the sample gate is
something less than the maximum amplitude of the
heat signal for a friction bearing during the entire wheel
gate interval. Accordingly, the ratio V,:V, for a roller
bearing is unity under idealized conditions and some-
thing substantially greater than unity for a friction bear-
ing. In practice, however, a higher ratio of V,:V, is em-
ployed to allow for component tolerances, noise, signal
anomalies, etc. While a ratio as high as V2:V1= 2:1
may be employed, a ratio of substantially V2:Vi=1.2:1
is preferred.

In order to test whether the ratio of Vs Vr—-l 2:1 or
greater, the resistors 80 and 82 are in the ratioof 1:1.2.
Depending upon the ratio of the stored voltages on ca-
pacitors 68 and 60, the voltage level at the junction 84
will be positive or negative; positive for a roller bearing,
negative for a friction bearing. The junction 84 of resis-
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tors 80 and 82 is connected to the positive input of
comparator 86 the negative input to which is grounded.
Thus, comparator 86 detects the polarity of the resul-
tant voltage at junction 84 and thus, whether or not a
roller bearing is present since the output of the compar-
ator will jump positive for a roller bearing only. Thus,
a positive signal at the output of comparator 86 is a first
indication that the bearing being sensed is a roller bear-
ing. o

Another function of the timing circuit 58 is to gener-
ate a lead edge pulse 90 (shown on line 4 of FIG. 2) and
a trail edge pulse 92 (shown on line § of FIG. 2) in re-
sponse to the leading-and trailing edges of the input 42.
These pulses represent the leading and trailing edge of
each successive wheel gate 33, Referring back to FIG.
1, it can be seen that the output of comparator 86
forms an input to NAND gate 94. A second input to the
NAND gate is a trail edge pulse 92 fed to the NAND
gate through line 96 from the timing circuit 58. The
output of NAND gate 94 is used to set a flip flop 98.
The Q output of flip flop 98 comprises one input to a
second NAND gate 100. The other input to NAND
gate 100 comes from a threshold level detector as will
be described forthwith. :

The output of inverter 66 also serves as a positive
input to comparator 102 through line 104. The nega-
tive input 106 to the comparator is set at a predeter-
mined level. Thus, if the input along line 104 to com-
‘parator 102 exceeds a threshold level determined by
the setting of variable resistor 108, the output of com-
parator 102 goes positive thereby closing semiconduc-
tor switch 110 so that flip flop 112 becomes set by the
removal of positive voltage source 114 (i.e., switch 110
applies ground to the set input of flip flop 112). If both
flip flops 98 and 112 are set the output of NAND gate
100 switches to logic zero (i.e., ground potential) and
is applied to and sets flip flop 116. Thus, the setting of
flip flop 116 provides a second indication of a roller
bearing since, in order for flip flop 116 to be set, the
heat scanner signal must exceed the roller bearing
threshold level and also the V1:V2=1.2:1 ratio test
must be met.

The present circuit contemplates still a third test
which must be met before a determination that a roller
bearing is being sensed is made. The third test is based
on the fact that the bearings on both sides of the same
axle, be they friction or roller bearings, must be the
same.

As was previously stated, a circuit identical to the
one just described for rail 1 is provided associated with
rail 2. The corresponding components of the circuit as-
sociated with rail 2 have been numbered to correspond
to the components of the rail 1 circuit with the excep-

tion of flip flop 118 which corresponds to flip flop 116.

The Q outputs of flip flops 116 and 118 both form in-
puts to NAND gate 120. Thus, if both flip flops 116 and
118 are set, a signal will appear at the output 122 of
gate 120. This signal requires that the bearings on both
rails meet the two previously described tests for a roller
bearing and thus itself forms the third test for the pres-
ence of a roller bearing. The presence of an output sig-
nal (logic zero) from gate 120 thus appears only when
a roller bearing is being scanned and thus may be con-
nected to the roller bearing indication terminal of an
alarm, recorder, etc. Unless an output from gate 120 is
present, the sensed bearing should be treated as a fric-
tion bearing. At the beginning of each wheel gate, all
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the flip flops are preset to the “‘friction bearing state”
by the lead edge pulse 90 along line 124 feeding the
reset terminal of each of the flip flops.

Thus, in accordance with the above, unless the heat
signal of a scanned bearing meets the following three
tests for a roller bearing, it is treated as a friction bear-
ing. The three tests for a roller bearing are as follows:

1. the heat signal must exceed a' predetermined
threshold level, ' o

2. the V2:V1 ratio must not be greater than 1.2:1;
and,

3. the bearings on both sides of each axle meet the
criteria of tests 1 and 2 above before either bearing
is treated as a roller bearing. :

Thus, in accordance with the above, the aforemen-

tioned objectives are effectively attained.

Having thus described the invention, what is claimed
is:

1. In a railroad hot box detector system of the type
including: heat responsive scanner means associated
with a first rail of a section of track adapted to scan the
bearings of a railraod car along said rail and generate
an output signal in response thereto having an ampli-
tude and wave form indicative of the temperature and.
type of bearing scanned and sensor means adapted to
generate a first signal when a bearing enters the field of
view of said scanner and a second signal when The
bearing leaves the field of view of said scanner, the im-
provement comprising circuit means for discriminating
between said types of bearings, said circuit comprising:

means for generating a third signal intermediate in

time to said first and second signals;

first storage means connected to the output of said

scanner for storing a charge indicative of the maxi-
mum amplitude of said scanner output signal be-
tween said first and second signals;

second storage means connected to the output of said

scanner for storing a charge indicative of the maxi-
mum amplitude of said scanner output signal be-
tween said first and third signals; and

comparator means connected to said first and second

storage means for comparing the amplitudes of the
_ charges stored thereon. :

2. The invention in accordance with claim 1 wherein
said first and second signal generating means include a
pair of wheel sensors spaced apart along a length of
said first rail and said third signal generating means in-
cludes a third wheel sensor disposed along said first rail
between said first and second sensors.

3. The invention in accordance with claim 1 wherein
said first storage means includes a first capacitor and a
first relay first set of contacts interposed between said
capacitor and said heat scanner output, said first relay
being operatively connected to said first and second
signal generating means so as to close said first contacts
when said first signal is generated and open said first
contacts when said second signal is generated.

4. The invention in accordance with claim 3 wherein
said second storage means includes a second capacitor
and a second relay set of contacts interposed between
said capacitor and said heat scanner output, said sec-
ond relay being operatively connected to said first and
third signal generating means so as to close said second
relay contacts when said first signal is generated and
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open said second relay contacts when said third signal
is generated.

5. The invention in accordance with claim 4 wherein
said comparator means includes: a first resistor con-
- nected to said first capacitor, a second resistor con-
nected to said second capacitor and to said first resis-
tor, the values of said first and second resistors being
in the inverse ratio of the expected value of the charges
on said first and second capacitors for a particular form
of bearing, and means connected to the junction of said
resistors for determining if the charges on said capaci-
tor are in said ratio. »

6. The invention in accordance with claim § further
comprising: a first inverting amplifier interposed be-
tween said scanner and said first capacitor, a unity-gain
inverting amplifier interposed between said first invert-
ing amplifier and said second capacitor and said deter-
mining means includes a comparator having a positive
input connected to the junction of said resistors and a
negative input being connected to ground whereby said
comparator produces an output signal only if the ratio
of the charges on said first and second capacitors is
substantiaily equal to the inverse ratio of the resistance
of said first and second resistors. :

7. The invention in accordance with claim 6 further
comprising a second set of contacts of said first relay
interposed between said first capacitor and said first re-
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8

sistor and a third set of contacts of said first relay inter-
posed between said second capacitor and said second
resistor.

8. The invention in accordance with claim 6 further
comprising second comparator means for comparing
the output of said unity-gain amplifier to a predeter-
mined threshold level and for generating a first gate
input signal in response to outputs of said unity-gain
amplifier above said threshold, gate means having one
input connected to the output of said second compara-
tor and one input connected to the output of said com-
parator whereby said gate means produces an output
signal only if both said comparators produce output sig-
nals.

9. The invention in accordance with claim 8 further
comprising an identical circuit associated with the sec-
ond rail of said track, the output of the gate means of
both of said circuits each forming an input to an addi-
tional gate, whereby said additional gate produces an
output only if identical conditions exist on said first and
second rails.

10. The invention in accordance with claim 5
wherein the ratio of said first resistor to said second re-
sistor is 1:1.2, said ratio being indicative of a roller
bearing on said rail as distinct from a friction bearing.

. * ok ok Kk k .
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