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This invention relates to the ultrasonic inspection of
rail joints. In such inspection, ultrasonic beams are peri-
odically transmitted in to the rail through the head there-
of, and if there are internal defects, the beams are re-
flected by the reflecting surfaces of such defect back
to the transmitting point where they zre caused to op-
erate suvitable indicating means. A problem in connec-
tion with such testing arises by reason of the fact that the
rail joints are held together by mechanisms which com-
prise angle bars which are bolted to the rail by bolts
passing through the angle bars and through bolt holes
in the rail ends. Obviously the bolt holes constitute
reflecting surfaces in a manner similar to a defect, and
in order that such bolt hole indications shall not be re-
ceived and therefore shall not complicate the indicated
defects, it has been the practice heretofore to provide
gating means which gated out from the indicating means
the passage of the ultrasonic beams through a longitu-
dinal strip of rail joint in which the bolt holes are located.
Thus while the bolt holes were not indicated, it was. also
the case that bolt hole cracks radiating from the bolt
holes to a length of as moch as one-half inch were also
gated out, and therefore remained undetected.
bolt hole cracks are defects which # is desirable to
detect, it is the principal object of this invention to pro-
vide a means whereby soch bolt hole cracks may be
detected while at the same time gating out the indica-
tions which would otherwie be caused by the bolt holes
themselves. .

Further objects and advantages of this invention will
become apparent in the following detailed description
thereof.

In the accompanying drawings,

Fig. 1 is an assembly including a block wiring diagram,
showing one form of this invention.

Fig. 2 is a side elevation, largely diagrammaiic, of
a portion of a rail joint azd a graph in relation thereto.

Referring to Fig. 1 of the drawings, the invention is
shown as applied to the detection of defects in a rail
joint indicated generaily at ¥ and comprising the rail ends
10 and 11 which are adagred to be joined by joint bars,
not shown, and fixed to th= rail ends by bolts, not shown,
extending through bolt holzs 12 in the rzif ends. For the
ultrasonic testing of such rail joints there may be pro-
vided an electro-acoustic wransducer 15 which may take
the form of a piezo-electric element such as a quartz
crystal 16, preferably momnted so as to transmit vibra-
tions into the rail ends at sn angle. The electro-acoustic
transducer 15 is adapted to be periodically energized by
means of a synchronizer 28 which is esergized period-
ically from a suitable souzce of energy such as 60-cycle
A. C,, and said synchrozier periodically trips a pulse
generator 21 to generate wave trains of relatively high
frequency which are applisd to the transducer 15 which
transforms the electric vibrations into mechanical vibra-
tions and transmits such wave trains of uitrasonic vibra-
tions into the rail throughk the rail head. The wave
trains travcl through the r2il from top to bottom, and if
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countered, the wave train will be reflected back to the
transducer which wili convert such reflected ultrasonic

wave train into 2n electric voltage which after being -

suitably amplified by an amplifier 22 may be applied
to. the vertical plates 23 of an oscilloscope 24 to deflect
the sweep 25 which is generated between horizontal platzs
26 by a sweep generator 27 which is energized by the
synchronizer 20 in synchronism with the generated wave
trains.

Referring to Fig. 2, it will be seen that when th=
transmitted beam strikes a bolt hole 12 such bolt hole

will reflect the transmitted beam back to the transducer

15 in the same mansner as the defect D, and this wilE
occur at every bolt hole throughout the rail joint regioe
which is being tested. It is obvious therefore that the
sweep 25 on the escilloscope will show a larse number
of indications, similar to the indication of a defect, where
in fact no defect exists. Therefore as stated in the intro-
duction hereto, it has been customary to gate out alf
indications which would be caused by reflections of the
wave train in the region between the dot and dash lines
30. While this resulted in eliminating the indications of
the bolt holes on the indicator, it also resulted in bolt
hole cracks, such as indicated at 31 and which lie withir
said gated-out area 30, escaping detection. It is desir—
able 1o detect such boit hole cracks since they consti-
tute true defects in the rail joint area. .

In order that boit hole cracks of the type described
above may be detected, there is provided the following
arrangement whereby instead of gating out an entire lon-
gitudinal section 38 of the rail, there is gated-out only

the bolt holes themselves while the portion of the sectiom

30 lying between bolt holes is rendered sensitive to de-
tection.

For this purpose there is provided the additional cir-
cuitry disclosed in Fig. 1, which comprises a boit hole
gate generator 46 adapted to be periodically energized
from synchronizer 20 in synchronism with the pulse gen-
erator and sweep generator to cause said bolt hole gen-
erator to apply a puise {0 a coincidence gate circuit 4L
Since only the region 38 is to be rendered sensitive to
detection, the bolt hole gate generator does not start
to generate a signal gate voltage until the transmitted
pulse has traveled down to the region 30. By this time
the voltage generzted by the transmitted pulse, which is
of relatively short duration, has terminated. In order to
render coincidence gate circuit 41 effective it is essen—
tial that an additional pulse be received from the output
of amplifier 22. Such a condition exists when the trans-
mitted pulse first strikes a bolt hole 12. At this point
the coincidence gat= circuit 41 is rendered ccaductive
so that further pulses from the output of amplifier 22 canr

. pass through the coincidence gate circuit' and operate

a suitable indicator. However, it is not desired thal
any output from amplifier 22 shall pass through gate cir-
cuit 41 until the transducer 15, moving in the directiom
of the arrow A, caeses the transmitted pulses to pass the
belt hole 12,  Therefore the output of gate circuit 4%
is fed into a delay gate generator 45 whose delay may be

. adjusted to correspond to the time that it takes the trans—
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ducer 15 to move along the rail head a distance corre-
sponding to the dizmeter of the bolt hole. As soon as
this distance has been traversed the delay gate generator
45 enables any signals from amplifier 22 passing through
coincidence gate circait 41 to energize suitable indicating
means. Therefore at the end of the delay the signals
passing through -ceincidence gate circuit 41 from the
amplifier 22 will energize a relay 46 to close contacts
47 which closes the circuit to an indicating device whick:
may be a recorder 48 or a warning device 49, or both

- - as shown. The delay gate generator 45 is timed so that
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a7seles . .

once it energizes relzy 46 it will maintain the relay en-
ergized for the time interval T (see graph in Fig. 2)
which begins just after the transmitted beam has passed
a bolt hole and ends just before the transmitted beam
is about: to strike the succeeding bolt hole. Therefore
if a bolt hole crack such as crack 31 occurs, it will re-
flect the transmitted beam sometime during the interval
T and the indication in the form of a signal voltage com-
ing out of amplifier 22 will pass through coincidence
gate circuit 41, delay gate generator 45, contacts 47 of
relay 46, and operate the indicating means 48, 49.

Since the time T is a function of the rate of move-
ment of the transducer 15, the delay interval of the
delay gate generator 45 may be made a function of such
rate of movement, as for instance by causing the move-
ment of the transducer IS to actuate a voltage generator
50 to apply a biasing voltage to the gate gererator, The
voltage generator 50 may be moved by the movement
of the transducer 15, or in the case where the transducer
is mounted on a carriage the generator 50 may be driven
from the carriage wheels. '

Having described cur invention, what we claim and
desire to secure by Letizrs Patent is: )

L. In a rail flaw detector mechanism, said rails having
bolt holes in the joint areas, means for detecting cracks
originating at the bolt holes, said means comprising means
movable relative to the rail for periodically transmitting
ultrasonic wave trains into the rail and receiving reflec-
tions from reflecting surfaces in the rail, said bolt holes

forming reflecting surfaces, indicating means normally 30 2,527,986

maintained ineffective, a bolt hole gate generator adapted
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to be energized periodically in synchronism with said

.Wwave train transmitting means to generate a signal gate

voltage after the termination of said transmitted pulse,
a coincidence gate circuit adapted to be rendered effective
by the coincidence of signal voltages from said boit
hole gate generator and from said receiving means in
response to a reflection from a bolt hole, a delay gate
generator rendered effective by the signal voltage from
the coincidence. gate circuit, said delay gate generator
generating a signal voltage after & predetermined delay -
corresponding 1o the time that the transmitting and re-
ceiving means travels past the bolt hole, said delayed
signal gate voltage continuing for a time corresponding to
the travel of the transmitting and receiving means be-
tween bolt holes, and means whereby the signal voliage
from the delay gate generator renders said indicating
means cffective, .

2. A device as specified in claim 1, in which means
are provided for generating a voltage which is a function
of the rate of movement of the transmitting means, and
means whereby said last-named voltage is applied to said
delay gate generator to vary the duration of the delay

_period inversely as the rate of movement of the trans-

mitting and receiving means.
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