Jan. 6, 1953 F. H. KEATON ET AL 2,624,779
RAIL FLAW DETECTING APPARATUS

Filed July 14, 1948

' s
L, | L f”ff#ff;f”f”"”* A i i i i i o = g gl g o e i PR gt e
LI - -

! ! ’. ot L] - . o - _r ] o h [ - -
| - — .“ - - o ¥ Ll' L ) [ ] [ ] i '
7 I 7 ry % o, s N :-" L L :'_:‘::’i —_ " r - '\‘. J \.; : ',.. y J“ . T ‘:‘ 7 f
' - - - : . -* ,
T’ r‘l . ‘J - ,Ip'f .l i‘- 4 - 4 ‘J F N ‘i \I‘- J .
.f# Wi - . 'l"i (F ~ " iy \ L v " \ . p L |
L] . r H 1
4 I * s N o J__, L L IH- * } t _,.F'T o’ b f a I
[1 { ",‘" 'l-".. *-ll"..-' i - “ ra -..H-'L-J - - r —- . - . - ] sl ¥4 iy ‘q"'\ f | /

e A S

7 ,

TR RGO RSN R NP LGOI /- /
% / ;E‘A" .; s ‘zﬂ'{:\?‘;i } 3’;‘,?3 e :)-)‘53:1 /
// R, = ._-HH-- = V- _;3~, 2 L2, .u}

5 9 9 25

.

..... i e e e g L INVENTORS,
2/ /e

/3 Dwsle C BeZlibor =




Patented Jan. 6, 1953

2,624,179

UNITED STATES PATENT OFFICE

2,624, 779
RAIL ¥LAW DETECTING APPARATUS

Frank H, Keaion and David C. Bettison,
{maha, Nebr..

Avppiication .F uly 14, 1948, Serial No. 38,596
(CL 175—183)

3 Clanms.

1

The problem of eliminating false indications in
the detection of rail flaws is a continuous one
and many solutions or partial solutions have beerl
proposed. Although some of the proposed solu-
tions tend to minimize the problem of false in-
dications, none can be said to be a complete an-
swer to the problem.

The present invention approaches the problem
from a very practical point of view. If recog-
nizes that false indications are probably inevita-
ble, but proceeds to distinguish between true fis-
sure indications and false indications by clearly
indicating in which portion of the rail head the
magnetic disturbance is found, thereby enabling
the car operator to correlate this information
with surface defects clearly visible, and more
accurately judge which indications should be
hand-checked for the possibility of an internal
fissure.

More specifically, the invention contemplates
dividing the top of the rail head into a plurality
of longitudinal, substantially non-overlapping
strips or areas, and associating with each strip

or area a detecting coil which is so closely cou-

pled magnetically with its own strip or area that
it is substantially unresponsive to surface defects
in any other strip or area, but is, nevertheless
responsive to most internal defects regardless o:f
where they may be positioned within the raill.
By channeling the responses from the several
pickups through separate amplifiers and record-
ing pens, with each coil responsive only to those
surface defects which lie in whole or in part
within the particular strip or area with which
the coil is associated, it is possible for a car op-
erator to ascertan quickly whether there is a sur-
face defect located in the same longitudinal strip
which produced the indication, and if not, there
is evidence of an internal fissure.

These and other objects and advantages will
be apparent as the disclosure proceeds and the
description is read in conjunction with the ac-
companying drawings, in which

Fig. 1 is a diagrammatic perspective view show-
ing a preferred embodiment of the invention;

Fig. 2 is a plan view of the pickup box with the
position of the pickup coils indicated in dotted
lines;

Fig. 3 is a vertical section view taken on the
line 3—3 of Fig. 2;

Pig. 4 is a vertical section view taken on line
A4--4 of Fig. 3; and

Fig. 5 is a schematic cross-sectional view
through the rail which will be used in explain-
ing the theory which is believed to underlle the

present invention.
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It should be understood that the embodiment
of the invention chosen for explaining the in-
vention is merely illustrative of the various em-
bodiments which are possible within the scope of
the appended claims.

The invention is shown applied to the electro-
inductive system of festing, but the invention is
not limited to this system. As applied to the
electroinductive system, the detecting unit gen-
erally designated 10 is mounted for movement
along a rail [{ in close proximity thereto and be-
tween front and rear current brushes (2 and 13
respectively, which pass a low voltage, high am-
nerage current through the rail with power be-
ing derived from a generator (4. The ability of
a longitudinally arranged detecting coil to lo-
cate internal defects is well known in the art, and
in this case, the detecting unit comprises a plu-
rality of detectors 15, 18, and {7, each of which
comprises a core {8 which may comprise a plu-
rality of soft iron wires, and series opposed in-
duction coils i9. The coils are preferably not
more than one-half inch in length and three-
eighths inch in diameter with each coil com-
prising five hundred turns of No. 40 silk enamel
copper wire, Since the coils are of such small
size, each detector, in width, is less than one-
fourth the width of the rail head.

The detectors are mounted in the pickup box
21 in substantial lateral alignment, and when
three such detectors are used, the cores are spaced
apart preferably on the order of one inch.

The pickup box 21 is preferably made of Bake-
lite or other suitable insulating material and has
a central cavity 22 in which the detectors are
mounted. A mounting plate 22 of moulded plas-
tic material may be emploved, if desired, to fa-
cilitate the mounting of the detectors within the
pickup box, and the pickup is closed at the top
by a cover 24 and at the bottom by a brass plate
25. Preferably beeswax is used to fill the cavity
29 sfter the detector coils are in place and before
both covers are applied in order to keep mmsture
from reaching the detector coils.

It will be understood that the pickup box 21
is mounted in a suitable manner from the de-
tector car so that it will move along the rail
head in close proximity thereto but slightly out
of contact therewith. |

Each of the detectors {5, I8, and 17 feed their
output through a separae amplifier and recording
pen, and for convenience, the amplifiers will be
desiesnated A1, Az, As, and the associating pen
units Pi1, P2, and Pz, detector {5 feeding ampli-
fier A1 and pen unit Pi, detector 16 feeding ampli-
fier A2 and pen unit Pz, and detector 171 feeding
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amplifier Az and pen unit P3. Hence, on the
moving chart 26, the pen line indication 27 rep-
resents detector (5, pen line indication 28 rep-

resents detector 16, and the pen line indication
29 represents detector (7.

The particular construction of the amplifiers
and pen units is unimportant here, and it need
only be mentioned that a voltage impulse set up
hy cne of the detecters Iin traversing a non-uni-
form magnetic condition will be suitably ampli-
fied and recorded on the tape 26 by a correspond-
ing jog In the pen line represented by that de-
tector.

Referring now to Fig. 5, let it be assumed that
the side 30 of the rail tl is the gauge side of the
rail with side 31 representing the field side, and
let it further be supposed that the rail is flowed
on the field side as indicated at 32, that it has a
centrally located burn as indicated at 33, that
on the gauge edge of the rail there are some shelly
spots as indicated at 34, and that the rail has
an internal transverse fissure as indicated at 385.
The detectors 15, t&, and T are indicated dia-
grammatically in close proximity to the top sur-

face 36 of the rail head, and the magnetic cou~ -

pling of each detector with the ton surface of
the rail head is such that the detector (8 has a
range of response to surface céefects limited to
that longitudingl strip or area of rail head lying
between the fielg edge of the rail 31 and the point
37;: the detector 16 is similarly magnetically cou-
pled to the rail head so that its range of response
to surface defects is between the laterally spaced
points 37T and 38 on the rail head; and the de-

tector 1T has a range of responsiveness to surface =»;

defects which extends between points 38 and the
gauge side 30 of the rail head. It will be noticed
that the range of response of each detector es-
tablishes a longitudinal strip or area of which
no two are overlapping or substantially overlap-
ping, and it is this coupling of the detectors with
the rail head which makes possible the advan-
tages inherent in the present invention.

An internal fissure, siich as fissure 3% will pro-

duce a characteristic magnetic condition in the ‘

rail such that it will normaily cause all three
detectors to respond, thus producing the type of
indication on the tape 26 shown at 33 (it being
understood that the pens 42 of the several pen
units are in lateral alienment). If however, the
detecting unit {0 traverses a section of rail in
which there is considerable flowed rail, the de-
tector 19 will indicate such flowed rail and pro-
duce such indications as 41 on the line 27. If

the detecting unit traverses a centrally located |,

burn such as the burn 38, the detector I8 will
cause an indication such as &2 toc appear on the
chart line 28; and likewise if the rail is shelly,
the detector 1T will produce an indication such
as 43 on the chart line 235,

The practical result of all this is that a detec-
tor car operator, by watching the rail in conjunc-
tion with the moving tape can see whether the
detector which responded to a changed magnetic
field in the rail is correlated to some obvious sur-
face defect in the longitudinal strip or areg in
which that detector operates, and if not, there
is the strong suspicion of an internal defect.
The close coupling of the defectors to the rail
head makes it virtually certain that all three will
respond to an internal defect, but if an operator
ever sees an indication on any one pen that does
not correspond to a surface defect in the chan-
nel searched by the corresponding detector, there
is reason to suppose that a fissure may exist.
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Even when a surface defect may lie in two ad-
jacent longitudinal strips or zones, a concurrent
indication by the three detectors would suggest

that there is a fissure beneath the burn and
should be investigated.

Hence the detecting apparatus of this inven-
tion makes it possible by the correlation of the
individual] responses to particular longitudinal
areas of the rail to locate more fully internal
defects, and to disregard indications that are
caused merely by surface or inconseguential de-
fects in the rail.

It should be noted that the getectors {5, (6,
and 17T are located in the bottom of the pickup
DoX 28 so that there is the greatest possible mag-
nhetic coupling with the top of the rail head, and
normally the pickup box is set to ride on the
order of one-eighth of an inch from the rail head
so that extremely close coupling is achieved.

If a single detector were used, such as indi-
cated in dotted lines at 44, and either by using g
core with wide nole pieces or by spacing the de-
tector a sufficient distance above the rail head
as to have the entire rail head within its range
of responsiveness, it would then he impossible to
make the discrimination hetween true and false
indications. In such a case, g fissure located in
lateral alignment with any surface defect would
g0 Y unnoticed because the car operator would
assume that the visible defect was responsible
for the indication nproduced on the chart. This
merely illustrates the manner in which the plu-
rality of laterally spaced detectors coupled as
they are to segparate amplifiers and recorders
makes possible the detection of fissures that would
otherwise he missed.

It should be understood that each of the am-
plifiers Ai, Az, and Az, are intended to operate
o paint gun (not shown) in conventional manner
to apply a paint spot to the rail at the point pro-
ducing the indication. This assists in enabling
the car operator to correlate the pen indications
with rail surface condifions.

It should also ke understood that the lateral
aliznment of the detectors across the rail head
18 not essentvial, although obviously desirable.

We claim:

1. In rail fiaw detecting apparatus, the com-
bination of means for progressively energizing
a rail to estahlish characteristic magnetic con-
aitions in the vicinity of fiaws, and other char-
acteristic magnetic conditions in the vicinity of
surface defects, a detector unit comprising at
least three detectors for inductively locating said
conditions, a plurality of amcyglifiers, one associ-
qted with each detector and recording means in-
cluding a mcving tape and a plurality of record-
111g pens, one assoeciated with each amplifier and
detector, for making parallel line records on the
tape in response to the detector unit, said de-
tectors belng spaced apart in lateral alienment
and each ccemprising a longitudinally arranged
coil and a magnetic core in close magnetic cou-
pling with a specified longitudinal portion of the
top of the rail head, and of such size and induc-
tive strength, and so arranged that there is sub-
stantially no overlapping between adjacent longi-
ftudinal portions of the top of the rail head mag-
netically searched hy said lateraliv spaced coils,
the width of each detector being less than one-
fourth of the width of the rail head.

2. In rall flaw detecting apparatus, the combi-
nation of means for progressively energizing a
rail to establish characteristic magnetic condi-
tions in the vicinity of flaws, and other char-
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acteristic magnetic conaitions in the vicinity of
surface defects, a detector unit for inductively
loccating said conditions, and recording means in-
cluding a moving tape and a plurality of record-
ing pens for making parallel line records on the
tape in response to the detector, sald detector
unit comprising at least three detecting coils,
laterally spaced and each having a longitudinally
arranged magnetic core in close magnetic cou-
pling with a specified longitudinal portion of the
top of the rail head, and of such size and induc-
tive strength, and so arranged that the char-
acteristic magnetic conditions in the vicinity of
internal flaws will actuate two or more of the
recording pens and the other characteristic mag-
netic conditions in the vicinity of the surface
defects will actuate only thal pen or those pens
responsive to the particular portion of the rail
head in which said surface defect is found, the
width of each detector being less than one-fourth
of the width of the rail head, and each detector
having associated with it a separate amplifier
adapted to actuate one of the pens.

3. A detecting unit for use in rall flaw detect-
ing apparatus, comprising a pickup box adapted
to be moved along a rail in close proximity to the
top surface thereto, and a plurality of longitudi-
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nally arranged detectors mounted in the box
closely adjacent to the bottom thereof, each of
sald detectors comprising an iron core and op-
positely connected detector coils mounted there-
on, and the detectors being laterally spaced from
each other a sufficient distance to cooperate with
specified substantially non-overlapping longitu-
dinal portions or strips of the rail, the width of
each detector being less than one-fourth of the
width of the rail head.

FRANK H. KEATON,
DAVID C. BETTISON.
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