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This invention relates to rail flaw detector
mechanisms and is particularly designed for ap-
plication upon the type of detector mechanism
employed on the Sperry rail flaw detector car.
This car operates upon-the principle of energiz-
ing the rail with flux, as, for instance, by passing
current through the rail to establish an electro-
magnetic fleld surrounding the same and explor-
ing said field by inductive means to discover any
irregularities caused by the presence of fissures
or other discontinuities in the rail. The particu-
lar problem which presents itself here arises from
the fact that rails are joined by angle bars, bolts,
ete., which joints constitute in themselves irregu-
larities in the rail which will cause variations in
the flux in the same manner as an internal fis-
sure, Therefore, as the detector car rides along
the rail, the detector mechanism in passing over
a rall joint gives rise to a large number of closely
bunched indications on a recording tape, which
indications are not distinguishable from one an-
other nor from the indications which may be
caused by an internal defect in the rall. As a
result, should an internal fissure occur in the rail
within the region of the angle bar or adjacent to
the ends of the angle bar, it would be impossible
to distinguish such fissure from any other indi-
cations.

It is the principal object of this invention to
provide a method and means for enabling a de-

tector car to detect internal fissures within the

region affected by the angle bar.

Further objects and advantages of this inven-

tion will become apparent in the following de-
tailed description thereof.

In the accompanying drawings,

Fig. 1 is a side elevation of a portion of a rail

fissure detector car having my invention applied

thereto.

Fig. 2 is an assembly view of mechanism for
effecting accelerated movement of an auxiliary
tape together with a portion of an indicating
chart.

Fig. 3 is an enlarged view-of an overrunning
clutch employed in the Fig. 2 mechanism.

Pigs. 4A and 4B are portions of an indicating
chart illustrating diagrammatically the principle
underlying this invention.

Referring to Fig. 1 of the drawings, there are
shown the parts of a standard Sperry rail fissure
detector car which includes a car body 10 oper-
ating along the rails R.  Fissure detection is ac-
complished by energizing the rail with flux by
- passing a current through each rail from a gen-
erator G within the car body, supplying current
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to spaced current brushes {1 and {2 supported

upon the current brush carriage 13 which when
in lowered or effective position is adapted to ride
upon the rail by means such as wheels 5. ‘The
current brush carriage 13 is normally held in ele-
vated or ineffective position by means of springs,
not shown, and cables 16, but when it is desired

- to lower said carriage, fluid pressure such as com-

pressed air is supplied to the cylinders 17 to force
out pistons 18 which are pivotally connected at
{9 to the current brush carriage {3. The current
passed through the rail by way of spaced brushes
{1 and 12 will establish an electromagnetic fleld
surrounding the rail and this field will be uniform
except in the region of flaw where it will be dis-
torted. Such distortions of the electromagnetic
fleld are detected by a flux responsive mechanism
which may take the form of a plurality of pairs
of opposed induction coils 22, 22’ supported in a
housing 23 at a constant distance above the rail
surface by means of a carriage 24. Said carriage
24 is mounted on current brush carriage 13 by
means of loosely fitting bolts 26 and springs 26
to permit said carriage 24 while riding on the rail

5 on means such as wheels 27 to move independ-

ently of carriage {3 so that the said carriage 24
may at all times maintain parallelism with the
rail surface regardless of irregularities thereof.
The coils 22, 22’ normally cut the same number
of lines of force, but on entering a region of flaw,
first one coil of each pair and then the other will
cut a different number of lines of force to gener-
ate a differential E. M. F. which may be caused

to actuate (by means to be described hereinafter)

pens P and P’ operating on a chart C. At the
same time that the pens are actuated there is
actuated also marking means which may take the
form of a paint gun 30 mounted on the current
brush carriage I3 a sufficlent distance behind the
flux responsive members 22 and 22’ to compen-
sate for the movement of the car and for the lag
in operation of the paint gun.

Since the mechanism described above is dupli-
cated for the other rail there will be actuated a
total of four pens all of which may co-act with
the same chart C. The pens will draw lines I

and II for one rail and lines IIT and IV for the

other rail. The chart may be driven from the
car axle as will be described more fully herein-
after so that the pens normally draw four
straight lines along the chart except where the
electromagnetic field is distorted either by fis-
sures within the rail or by the 1rregularities intro-
duced by the rail joints.

As stated in the introduction hereto, the joints
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which hold the rails together comprise angle bars
32, bolts 33, and additional members, all of which
serve to deflect the current passing through the
rails and vary the electromagnetic field sur-
rounding the same. The irregularities of the an-
gle bar will cause the detector coils to pick up a
large number of variations in the electromag-
netic field and this in turn will cause the pens to
record upon the chart C a large number of close-
1y bunched indications. Since the current de-
flection caused by the angle bar commences a
considerable distance in advance of the bar and
extends its influence for a similar distance be-
yond the leaving end of the bar, it will be under-
stood that there is a considerable portion of rail
within which it will be difficult to discover any
internal defects because any indication of vari-
ation in flux caused by the internal defect will be
merged with, and be indistinguishable from, the
large number of indications set up by the angle
bar within the region affected thereby. How-
ever internal defects do occur in this region and
it is desirable to detect them,

To achieve the result described above, appli-
cant resorts to the following steps: First, the
plurality of pairs of detector coils 22 and 22 are
arranged in tandem and the coils of each pair
are similarly arranged. However, whereas coils
22 are positioned with their axes transverse of
the longitudinal dimension of the rail, coils 22’
are arranged with their axes normal to the rail
tread. Purthermore, the diameter of coils 22’ is
relatively small compared with the rail and these
coils are positioned substantially centrally of the
rail head so as to be relatively little affected by
the lateral distortion of the electromagnetic flux
caused by the rail joint. Therefore coils 22’ will
be able to test info the angle bar region without
being appreciably affected by the distortion.

The second step of this method consists in caus-
ing the flux variations set up in the region of a
joint to be recorded on an accelerated tape and
then transferring the record from the tape to
the standard indicating chart which operates at
a relatively slow speed. In order to accomplish
this result there is provided a normal drive from
the car axle 50 to the indicating chart C by means
such as pulley 47, belt 48 and rewind roller 48.
At the same time there is driven through pulley
51, belt 52, pulley 53, belt 54, and shaft 680 an
endless belt type magnetic tape or wire 10 which
passes between series of rollers 11, 12, 13, 14.
Impressions on the magnetic tape 70 are made
by the vertical coils 22’ which pick up the varia-
tions in the flux and after said variations are am-
plified by an amplifier A, are caused to make im-
pressions on the tape by means of an energizing
coil 15 which is energized by the output of am-
plifier A. The impressions made on the magnetic
tape 18 by the enercizing coil 15 are picked up
by pick-up or receiving coil 1§ which may pro-
vide the input to an amplifier A’ of the Brush
oscillograph type whose output will vary in ac-
cordance with the variations of the pick-up coil
16 to operate pen P’ a distance proportionate to
the output of amplifier A’. In this respect the
indication made by pen P’ differs from the indi-
cation made by pen P. The latter is actuated
a constant distance at each actuation provided
the pen relay 17 is energized with a sufficient
voltage to attract the pen armature against the
action of spring 718. The energizing voltage is
derived from the output of amplifier A’”’ whose
iml)l:tzzis the differential voltage generated by
co .
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As thus far described the impressions made
upon magnetic tape 70 in response to variations
in the electromagnetic fleld picked up by the coils
22’ will be discharged on the chart C at the same
rate relative to movement of the chart as the im-
pressions made by pen P since both magnetic
tape 10 and chart C are being driven at their
relatively slow speeds. This, however, would be
inadequate to give a useful indication at the
joints sufficient to enable one to detect possible
internal fissures in the region of the joint. As
stated in the introduction hereto, the multiplicity
of parts which comprise the joint results in a
multiplicity of variations in the magnetic field
which are so closely bunched that an indication
such as shown at 80 in Fig. 4A is obtained by
the action of pen P. The pen P’ which is ac-
tuated proportionately to the output of amplifier
A’ would yield an indication 80’ (Fig. 4B) similar
to 80. However, if the indication made by pen
P’ could be spread out in the direction of move-
ment of chart C, it would be possible to detect
the presence of a fissure in the midst of indica-
tions due to the joint parts by reason of the fact
that a fissure yields a characteristic and readily
identifiable indication as shown graphically in
Fig. 4B. This indication in terms of voltage
output comprises a small positive output 81,
followed by a large negative output 82, which
in turn is followed by a small positive output
83. This characteristic output from amplifier A’
in response to the presence of a flssure makes
it possible to locate a fissure within the multi-
plicity of indications caused by a joint provided
the indications made by pen P’ can be spread
out in the direction of movement of chart C.

To obtain such spread-out indication by pen
P’ I employ the method of accelerating the mag-
netic tape 10 in the region of a joint so that the
flux variations picked up by colls 22’ will cause
coil 18 to impress varying magnetic fluxes on
the rapidly moving tape 710, and then causing
the tape 10 to move past the receiving coil 16
at a relatively slow rate so that it takes a rela-
tively longer length of chart C to record the
impressions made by coil T8 while the tape 10
was accelerated. In other words, while the coils
22’ are passing through the region of a joint
they are impressing their varlations on the rap-
idly moving tape and these impressions are then
belng reproduced on the slowly moving tape so
that the net result is a spread-out indication

~of the variations in the joint area. For this
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purpose there is provided a pair of pivoted joint
fingers 92 and 93, pivoted at 84 and §5'on the
current brush carriage I3 in advance of and to
the rear of the current brush carriage. Finger
82 is positioned sufficiently in advance of coils
22’ so as to engage the projecting angle bar just
before coils 22’ enter the region of flux aftectec
by the joint. Similarly, finger 83 is positioned
sufficlently to the rear of coils 22 so that sald
coils will have passed beyond the region of flux
affected by the angle bar by the time finger 83
drops off the leaving end of the angle bar. Finger
83 is positioned so as to engage the angle bar
before flnger 92 leaves the bar. When finger
92 engages the bar it will close a set of contacts
98 which will close a circuit through a relay
98, said circult including a battery 100, to cause
the relay 99 to attract armature i81 (see Plg. 3)
in the form of a lever pivoted at (82 to cause
clutch members {83 to engage. Prior to en-
gagement of clutch parts (03, the car axle §8
drives the shaft 68 at the predetermined slow
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rate relative to the chart C. The driving of
shaft 80 causes the magnetic tape to be driven
at this relatively slow speed. However, when
finger 92 engages the angle bar to close contacts
98, clutch 103 is engaged and the portion of
the tape 10 to the rear of the driving shaft 60

is now driven at a more rapid rate, on the order

of eight times the rate of shaft 60 by reason of
the multiplying shaft and pulley drive 108, 108,
The portion of the tape to the rear of shatt 60
will therefore be driven at the accelerated rate
causing the tape to be drawn past the impressing
coll 15 at the accelerated rate and further caus-
ing the portion of the tape to the rear of shaft
60 to form a loop (10. The clutch parts 103 will
remain engaged as long as fingers 92 and 93
ride on the angle bar. When finger 93 leaves
the angle bar, relay 98 will be de-energized and
spring (11 will open the clutch to render the
fast drive of the magnetic tape through roller 13

ineffective. Meanwhile the slow drive of mag- -

netic tape 10 has continusd past the pick-up coil
18 and will continue until the loop 110 has been
absorbed. This means that all the impressions
made on the accelerated portion of the magnetic
tape in the loop 110 will be impressed on chart
C but in a spread-out form since the impressions
on chart C will take place in a linear distance
corresponding to the length of the loop {10.

Thus the spread-out impressions made by pen
P’ are obtained on chart C and it is therefore
possible to recognize the characteristic indica-
tion 81, 82, 83 caused by a fissure even when it
occurs within the multiplicity of other indica-
tions caused by the joint parts. .

Having described my invention, what I claim
-and desire to secure by Letters Patent, is:

1. In a rail flaw detector car adapted to travel
over rails connected by joints, comprising means
for energizing the rail with flux, means respon-
sive to variations in said flux caused by defects
in the rail, said responsive means responding also
to variations in said flux caused by the region
of a joint, means responsive only to the region
of a joint, means including a moving chart for
recording variations in flux detected by said first
responsive means, means for storing up at a rate
relatively rapid with respect to the movement
of the chart the successive flux variations de-
tected by said first responsive means, means for
recording on said chart successively said stored
up flux variations at a rate relatively slow with
respect to the rate of storing up of said flux
_variations, and means actuated by said second

" joint responsive means while responding to a
joint for rendering effective said means for stor-
ing up flux variations at a relatively rapid rate.

2. In a rail flaw detector car adapted to travel
over rails connected by joints, comprising means
for energizing the rail with flux, means respon-
sive to variations in said flux caused by defects
in the rail, said responsive means responding
also to variations in said flux caused by the
region of a joint, means responsive only to the
region of a joint, said car having a chart, means
for driving said chart at a relatively slow speed
with respect to the speed of the car, a pen co-
operating with said chart, relay means for ac-
tuating said pen through a constant distance
by said first responsive means in response to flux
variations in excess of a predetermined degree
of flux variation, a second pen cooperating with
said chart, means for actuating said second pen
in proportion to flux variations in said first re-
sponsive means, means for storing up at a rela~
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tively rapid rate the successive flux variations
detected by said first responsive means, means
including said second pen for recording succes-
sively sald stored up flux variations on said chart
at a relatively slow rate, and means actuated -
by said second joint responsive means while re-
sponding to a joint for rendering effective said
means for storing up flux variations at a rela-
tively rapid rate.

3. In a rail flaw detector car adapted to travel
over ralls connected by joints, comprising means
for energizing the rail with flux, means respon-
sive to variations in said flux caused by defects
in the rail, sald responsive means responding
also to variations In said flux caused by the
region of a joint, means responsive only to the
region of a joint, means for recording variations
in flux detected by sald first responsive means,
a magnetic recorder comprising a magnetizable
tape, an impressor actuated by said flux respon-
sive means for impressing flux variations on said
tape, and a pick-up responsive to the flux varia-
tions on sald tape, a recorder actuated by the
output of said pick-up, means for driving said
tape past said receiver at a constant relatively
slow rate, normally ineffective means for driving
said tape past the impressor at a relatively rapid
rate, and means whereby said last-named means
is rendered effective by said second joint re-
sponsive means while responding to a joint.

4. In a rail flaw detector car adapted to travel
over rails connected by joints, comprising means
for energizing the rail with flux, means respon-
sive to variations in said flux caused by defects
in the rail, said responsive means responding
also to variations in said flux caused by the
region of a joint, means responsive only to the
region of a joint, said car having a chart, means
for driving said chart at a relatively slow speed
with respect to the speed of the car, a pen co-
operating with said chart, means for actuating
said pen through a constant distance by said
first responsive means in response to flux varia-
tions in excess of a predetermined degree of flux
variation, a second pen cooperating with said
chart and adapted to be actuated in proportion
to flux variations, a magnetic recorder compris-
ing a magnetizable tape, an impressor actuated
by said flux responsive means for impressing flux
variations on said tape, and a pick-up responsive
to the flux variations on said tape, means in-
cluding said second pen actuated by the output
of sald pick-up, means for driving said tape past
sald pick-up at the same rate as said chart, nor-
mally ineffective means for driving said tape
past the impressor at a relatively rapid rate,
and means whereby said last-named means is
rendered effective by said second joint responsive
means while responding to a joint.

5. In a rail flaw detector car adapted to travel
over rails connected by joints, comprising means
for energizing the rail with flux, means respon- -
sive to variations in said flux caused by defects
in the rail, said responsive means responding
also to variations in said flux caused by the
region of a joint, means responsive only to the
region of a joint, means for recording varia-
tions in flux, a magnetic recorder comprising
an endless magnetizable tape, an impressor ac-
tuated by said flux responsive means for im-
pressing flux variations on said tape, and a
pick-up responsive to the fiux variations on said
tape,; a recorder actuated by the output of said
pick-up, means for driving said tape past said
pick-up at a constant relatively slow rate, nor-
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mally ineffective means for driving said tape
past the impressor at a relatively rapid rate,
means whereby said last-named means is ren-
dered effective by said second joint responsive
means while responding to a joint, and flux
erasing mechanism in advance of the impressor.

6. In a rail flaw detector car adapted to travel
over rails connected by joints, comprising means
for energizing the rail with flux, means respon-
sive to variations in said flux caused by defects in
the rail, said responsive means responding also
to variations in said flux caused by the region
of a joint, means responsive only to the region
of a joint, said car having a chart, means for
driving said chart at a relatively slow speed
with respect to the speed of the car, a pen co-
operating with said chart, means for actuating
said pen through a constant distance by said
first responsive means in response to flux varia-

tlons in excess of a predetermined degree of go
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flux variation, a second pen cooperating with
sudchartmdsduptedtobetmudinpm-
portion to flux variations, a magnetic recorder
comprising an endless magnetizsable tape, an
impressor actuated by sald flux responsive means
for impressing flux variations on sald tape, and
& pick-up responsive to the flux variations on
said tape, a recorder including said second pen
actuated by the output of said pick-up, means
for driving said tape past said pick-up at the
same rate as said chart, normally ineffective
means for driving said tape past the impressor
at a relatively rapid rate, means whereby said
last-named means is rendered effective by said
second chart responsive means while responding
to a joint, and flux erasing means positioned in
advance of the impressor.
HARCOURT C. DRAKE.
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