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o arrses frorn the fact ‘that varrattons in the electromag- 80
- netic field surroundmg the rail .are set.up . not-only by in-
- terual ﬁssures whrch 1t 18- the fuuct1on of the mechamsm*

S ,shelly rarl ﬂowed rarl aud shvers whrch are uot det-' 3:
-~ rimental-to the use- of. the rarl a:ud whrch 1t 1s uot the.
R, object of the car to detect::: g ET L
- . - 'The operator within'the car, seerug the rudlcatrou upon

the recording ‘tape aud the ‘rail. must therefore use his. -
- own judgment derived from viewing the.rail from the
. car to determine 'whether the mark has been caused by -

~a surface defect or by an. internal ﬁssure
- _thrs results in ruany unnecessary stops of the car. for the .

tinuities in the rail.
- ductrve means to generate an E. M F. which, after bemg |

| rnade :_ | o o

- Itis therefore the prmcrpal ohject of thlS mventron to-' |

eans 'which-may be: employed on -

. detector-cars of the Sperry type which will. enable an
| operator to distinguish: betweenthe types: of defect which

it is desired to detect from those defects which: it s desrred? :— 50

-provide a. method and’
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Thrs 1nventton relates to rall ﬂaw detector mecha—

by the preseuce of 1uternal ﬁssures or other dlscon-j ’i

Such irregularities will cause the in-
25

such as a recorder, wrthrn the: car aud a palnt gun for' R
~ marking the rarl with palut n the regtou of ﬂaw

to- eliminate from-the indicating-mechanism.

‘Further objects and advantages: of: this | mventrou w111_~-f'-'
~ become apparent . 1r1 the followmg detarled descrtptlou:-
- _thereor - - o

~-1in the. aceompanymg drawrngs,

detector car having. this invention  applied thereto..

__ Frg 2A is a vertical section- through a rail head show-.f} o
| mg in diagrammatic form one arraugement of -detector. .
“coils for distinguishing between certain types- of mterualr a
~ Figs. 2B and 2C are views similar to Fig. 2A for dts-i
~ tinguishing. certain types of internal ratl defects from cer-_l--f'i_i.;

tain other types of surface defects. = N
. Fig. 3 IS a block dragraru of the components of the"-
o .f.ruveutlou L
- Fig. 4is a wrrmg dtagram embodymg the Frg 2A ar--“'
| augement of coils. | -
- Fig. 5 is a wiring dtagram surular to Flg 4 embodyrng o
--”the Fig. 2B arrangement of cotls |

rail defects and certain types: of surface defects. .

- Fig.. 1 is a side elevation of a portron of a rall ﬁssure-gf'-55

SRy 2 925 552
. Pal:ented Feb 16 1950

B ""_the parts of a standard Sperry I'all ﬁssure detector car '

~ which includes a-car body 10 operating along the rails R.
~ Fissure detectrou 18 accornphshed by energizing the rail

with - flux by passing high amperage, low Voltage Cur-

_rent through each rail from a generator O within the car

S -_hody, supply current to spaced current brushes 11 and -

ﬁ ]_10_' _-

15
I.msms, -and. more parucularly to -the type of detector =
- mechanism eruployed on the Sperry rail flaw detector -

car. This car operates upon the prrucrple of energizing

the rail with flux, as, for instance, by passing .direct cur-
rent through the rail to establish- an electromaguette'
ﬁeld surroundrug the same, aud explorrug sard field by

920

12 supported upon the current brush carrtage 13 Whrch

- “.when in lowered or effectwe position, is adapted to ride
. upon- the rails by rueans such as wheels 15. ‘The current
brush: carriage 13 is uormally held in elevated or ineffec-
. tive position by means of springs; not shown, and cable
16, but when it is desired to lower said carriage, fluid
- pressure, such as compressed air, is supplied to the cylin-
. ders 17 to force-out pistons 18 which are prvotally con-
nected at 19 to the current brush carriage 13.. The cur-
‘rent passed through the rail by way of spaced brushes
11 and 12 will establish an electromagnetic field sur- -

roundmg the rail, and this field will be uniform except in

 the region -of flaw where it will-be drstorted Such dis- -

__ tortrous of the electromagnetrc field are detected by a .

- flaw responsive mechanism which may take the form of

- a plurality of induction coils 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 cur-

rent brush earrrage 13 by means of loosely fitting bolts

25 and springs 26 to permit said carriage 24, while rid-

30 -gardless of irregularities - thereof. .
-~ within- housmg 23 uormally cut’ the same: uuruber of lrues'
-of force, but on entering a region of flaw, they wﬂl cut
A dlﬁerent uumher of lines of force to generate an E. ‘VI w0
~_which.may be caused to operate a pen P operating ona

35 chart C (sce Fig. 4) and to actuate a marking means such

. as pamt guu 30 ruouuted on: the current. brush- carriage .
'-{__rf"_13 for: spraylug the rail in‘ the region of flaw with-paint.
 "As. stated: in the introduction hereto, the inductive =
means’ will respoud to variations in the electromaguettc RS
“field caused not only: by, the presence of internal fissures .
which deflect the path of the current and therefore vary

Frequently o
_ the electromaguetlc field -surrounding the rail, but said

__-.:ratros ‘of -signals- developed over surface. dcfects
.. positioning of the related: coils will' depend upon the type -

“of defect which it is desired to-detect and the type. of de~
~fect which: 1t 1s desired to’eliminate from the indicating.

X mechamsm Thus, the arraugeuuent of coils shown in® -
'Fig. 2A will detect large and small transverse defects,
large detail fractures, horizontal split heads and vertical © -

~ split heads, but will- not indicate engine burn fractures,
S engine burns: and- centrally located: shivers: The arfange- ..
ment shown in Fig: 2B will indicate detail fractures; but -~
99 ‘will not indicate large and small transverse defects; hori=
-zontal splrt heads, vertical split- heads, engine burn frac-. .
~-; tures, . engine burns; shell, flow, centrally located slivers;~
The arrangement shown in~ - .
"+ “Fig. 2C-will indicate large transverse defects: and engine -~ . -
| Flg 6 is a view similar-to Flgs 4 aud 5 and emhody-f_.;;?-q"-

: 1ug ‘the Fig. 2C arrangement of coils. o
Referrlug to F1g 1 of the drawmgs, there a:res shown"': L

—and large detail fractures.

_ing on the rail on means such as wheels 27, to move in-

depeudeutly of .carriage 13 so that said carriage 24 may
- at'all times maintain parallelism Wlth the rail surface re- -~ -
" The “induction coils

. coils will' also respond to variations in the field caused: S

- by surface 1rregular1t1es of the type enumerated ‘in the

’ introduction hereto, 1.e., surface burns shelly aud ﬂowed"_i
rail, and slivers. | - - IR

~We ‘have therefore devrsed the ethod aud I

invention is hased upon the fact that the ratios: of simul-

taneous srgnals developed by ‘two or more: drscretely Jo-

_cated coils passing over internal defects- differ from the

burn fractures, but will not indicate small transvérse-de--
-~ fects, ‘detail fractures, -horizontal - split héads, vertical spht_rgrff S
5 _heads, burus; shell ﬂow and centrally located slwers.;f T

eans to-

“be described hereinafter Whereby we are enabled to dis-
tinguish between those true internal ‘defects which: we:
desire to detect and various types of surface defects™ |

Wthh we do not desrre to- detect The prrucrple of our .



to detect..

- kY 1
_________

: -These arrangements may be used simultaneously, de- -

pending upon the nature of the defects which are to be
mdlcated or eliminated from the indication.

_The principle: mvolved in each of the forms Figs. 24,

2B and 2C is the same Referrmg first to the form dis-
closed in Fig. 2A, there 1s a lower group of coils Al
(here shown as ﬁve in number) spaced transversely across
the rail head, and an upper group of similar coils A2
similarly posrtloned In this arrangement the ratio of
~signal voltage response of the lower group of coils to
the upper group of coils is substantially lower when
passing over an internal defect than when passmg OVer
a-surface defect. Thus while the ratio when passing over
~_an internal defect may be on the order of 2:1, the ratio
when passing over a surface defect may be on the order
~of 10:1. - It is this variation in ratios that makes it
poss1ble to distinguish between the types of defect which
it 1s desired to indicate and the types which it is not
-desired to indicate. One means by which this differentia-
~tion may be accomplished is disclosed in Figs. 3 and 4.
Here it will be seen that the lower group of coils and
the upper group of coils each pass through an amplifica-
- tion and isolation stage, after which they pass through a
" rectifier stage so that only positive output is obtained.

~ The . positive outputs of each group are combined, and

~each combined output is amplified by the separate ampli-
fiers 41 and 42. The input to the amplifier 41 for the
lower group of coils A1 which produces the larger signal
1s reduced by feedback from the output of the amplifier
42 for the upper group of coils A2 to such extent that the
outputs from both amplifiers are the same when the coils
pass over an internal defect of the type which it is desired

iy

1e1ent

- of coils to the upper group of coils:may be 2:1, su

- negative voltage is fed back to the positive input to the

amplifier of the lower group so that the outputs from both
~This establrshes that with ‘a

amplifiers -are - the same.
ratio of 2:1 (in the example chosen) there will be no

differential output between points 43 and 45. : The degree
of feedback may: be controlled by potentiometer 44,
- The outputs from the two amphﬁers 41 and 42 will place
-simultaneous ' positive voltages on- the twin grids Gi
and G2 of the coincidence thyratron 46, causing it to fire
-and operate the pen P on the moving chart C. The actua-
tion- of pen P breaks the c1rcu1t through the thyratron

- at47.

In the example chosen 1t was assumed that the ratio

2:1 was the desired ratio at which the pen should be op-
If the ratio were

erated as indicating an interna] defect.
greater or less than 2:1 the outputs of the two amplifiers

would not be the same and there would be a differential at
points 43 and 45. This differential voltage would . be
rectified by a full wave rectifier 50 and amplified by a
third amplifier 53. - Since the output from the rectifier is
positive, the output from the amplifier 53 is negative, and

 this negative voltage is applied to grid G3 of the thyratron

46 to prevent firing of the thyratron. Thus, only when
‘the selected ratio (in this case, 2: 1) of output voltages

- of the lower and upper coils exists can the pen P be op-

- erated. However, the ratio of lower to upper groups of
coils in response to internal defects varies within a speci-
fied range, and cannot be limited to a single ratio. To

ARy .;-;;1 :3 925 552

A

10

-- 'latter therefore will continue to develop negative voltages |

on grid G3 to prevent actuation of the pen P, but ratios
within the preselected range will be indicated on the chart.

As stated hereinbefore the arrangement of coils shown
in Fig. 2A is particularly adapted for detecting large and

small transverse defects; large detail fractures, horizontal
split heads and vertical split heads, while elrmmatmg from
the lndlcatmg means any response due to engine burn
fractures, engine burns and centrally located slivers. The

prmmple described hereinbefore may be applied to other

- arrangements designed ‘to ‘give indications for certain
conditions while eliminating indications due to other con-

15

20

ol

~ sponse in the- presence of a detail fracture.

.Thus in Fig.:2B there is_shown an arrange-
ment which will indicate detall fractures, but will not
indicate large and small’ transverse defects horizontal -
.Jpht heads, vertical split heads, engine burn fractures,

ditions.

engine burns, shell, flow, centrally located slivers, and -

large detail fractures The same: prmclple of utlhzmg
two groups of dlscretely located coils, -one adjacent the
type of defect which it is desired to locate and indicate,
and the other located remote therefrom. The ratio of
response of the first group relative to thé second group
in the presence of the desired defect will be smaller than
the ratio of these groups'in response to other types of
defects. Thus in Fig. 2B it is desired to locate detail
detail fractures——a type of defect which is found in the -
region of the upper curved edges of the rail section.
Therefore one group of coils B1 is located with the axis
of each coil substantially normal to the curved edge in

which posrtlon these coils will yield the maximum re-
A second -

group of: coils: B2 1s posrtroned substantially parallel to the

‘Thus, although the output of the lower group

4G

" for coils A2."

upper surface of the rail’between the coils B1 and spaced
‘By'these arrangements a detaﬂ frac- -

from the latter coils. |
ture will give a low ratio-of response of coil B1 to coils -

B2.:

Therefore: substantlatly the same’ ‘electrical system dis-.

closed in Flg 4 for the form' of -invention shown: in _: Y

Fig. 2A-"may ‘be’ employed for:the--form " of -invention

shown in Fig. 2B, necessitating; as shown in Fig. 5, only
“the substitution of coils B1 for coils' Al and of coils B2 -
-The operatlon of the system from this =

point on-is the same as in Fig. 4 arrangement, the ratio
adjustment being set. by the potentlometer 44 at whatever

the desired ratio may be and the range adjustment being

. set by potentiometer 55. - Thus only defects occurring
‘within the desired range of ratios will operate the pen P

50

05

60

obtain such range there is provided a range adjustment

- whereby the negatwe voltage which would be applied to
‘the grid G3 is neutralized to any desired extent, thereby
providing a range of any desired extent within which the
thyratron will fire. - For this’ purpose a potentiometer 55
draws a desired poruon of the sum of the voltages at 43 -

s and 45 and applies it as a negatwe voltage to a fourth.

amplifier- 56 ‘whose 'positive output: is opposed to the
- megative output. of the ‘third amplifier 53 to. render the
grid G3 ineffective within the desired range. | Thus, the

.  ratios of lower coils to upper coils which will indicate
may be from 1.5:1 to 3:1, this range still being substan-

tla.lly dxﬁerent from the I‘ElthS due to surface defects. ‘The

to indicate a detail fracture while all other responses erl.. |

be eliminated from the indicating means. -
- Another- apphcatlon of the principle is dlsclosed in

‘Fig. 2C. Here'it is des1red to 1ndicate large transverse
defects and engine burn fractures but it is.desired to

eliminate small transverse defects, detail fractures, hori- -
zontal split heads, vertical split heads, burns, shell flow-
and centrally located slivers. For . tl:us purpose there is

- again employed two sets of discretely located coils, one

set highly responsive to large transverse defects and engine

~burn fractures, and the other set less responsive to such

defects. Therefore there is employed a set of coils C1
substantially parallel to the upper surface of the rail and
coacting with the central portion thereof, and a second

“set of coils C2 posmoned 'with their axis substantlally’ |

vertlcal and coacting with the outer limits of the rail.

~ By such arrangement the ratlo of coils Cl and C2 in

response. to large transverse defects and engine burn frac-,

" tures will be relatively low, whereas the ratio of response

70

of C1 -to.C2 to other types of defects will be. relatlvelyl_ o
high. The differentiation in response to these two types
of defects can be effected by the Fig. 4 electrical system
by merely substituting coils C1 for coils A1 and coils cz

~for coils A2. The ratio- adjustment 44 is employed as

s’

before as well as the range adjustment 55, whereby only:

responses within the sét range of ratlos wxll operate the = |

"Defects ‘other than detailed-- fractures however will
grve a-much higher ratio of response ‘of - coil’ Bl to corl B2,




.

oemnsr

~ indicating means but all other ratles outsn:le the set rangef‘i

- “will yield no indication.

Having described our mventmn what we clann and_

- desire to secure by Letters Patent is:

1. A rail flaw detector mechanism comprlsmg means' |
for energizing the rail with flux and a plurality of in-

ductive means spaced from the rail and movable rela-
tive thereto so as to respond to variations in flux and

generate signal voltages said inductive means generat-

ing signal voltages in response to internal rail flaws and

 to surface defects, one of said mduetwe means being

4. A rall ﬂaw detecter meehamsm as spemﬁed in elalm e

2 in Wthh said first inductive means comprises a plurahty :

-.of coils’ pos1t1ened with their axes substantially normal.

to the outer edges of the ra'l head, and said second in-

ductive means comprises a plurality of coils positioned

 substantially across the rail head between the outer edges.

5. A rail flaw detector mechanism as spemﬁed in claim

Y 2 in which said first inductive means comprises a plurality -

10

positioned closely adjacent the region of internal rail

flaw, the other of said mductlve means being posnmned'

relatively remote from the region of internal rail flaw,

whereby the ratios of signal voltages generated by the first

- inductive means with respect to the signal voltages gen-

15

- of coils positioned across the rail head between the outer
‘edges thereof, and said second inductive means comprises
'a plurality of coils positioned outside the outer edges

ef the ra‘l head and having their axes vertical. |
6. A rail flaw detector mechanism cemprlslng means

for energlzlng the rail with flux and a plurality of induc-

tive means spaced from the rail and movable relative

" thereto so as to respond to variations in flux and generate

erated by the second inductive means will be relatively

“low for internal rail defects and relatively high for sur-

- face defects, means for combining the responses of said

first and second inductive means in opposed relatlen;

o whereby a ratio of response is obtained, indicating means,
-~ means for actuating said 1nd1cat1ng means, -and means -
- for rendering said- actuating means: effectlve only in re-

sponse to said relatively low ratios.

2. A rail flaw detector mechanism as speelﬁed in elann:-
1 including means for varying said last named respon-
. sive means to vary the range ef ratms te Wthh it re--_

gspends

3. A rail flaw detector mechanlsm as spemﬁed in clalm -
2, in which said first inductive means comprises a plural- 30 -
ity of coils positioned across. the rail head between the

- outer edges thereof, and said second inductive means o

signal veltages said inductive means generating signal |

L -Voltages in response to internal rail flaws and to surface

‘defects, a certain set of said mductwe means belng spaced
20 from the rail dlfferently than a certain other set-of said
inductive means so that the ratio of response between

- them is relat'vely low for internal rail defects and rela-

--twely hlgh for surface defects, means for cemblmng the
responses of said first and second sets of inductive means -

25

comprises a plurality of coils similarly posmoned with

- respect to the rail head but at a greater distance there-'

- from than the coils of said ﬁrst mducnve means.

--,f;.-"_-_’. 2729785

in opposed relatmn whereby a ratio of respouse is ob- =
‘tained, 111d1cat1ng means, means for actuating said in-
~ dicating means, and means for rendering said actuating
. means effective enly in respeuse to sa1d relatwely low
--ratlos " | | |
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