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Patefxted Sept. 8, 1925,

 UNITED STATES

1,552,450

PATENT OFFICE.

HARRY F. ROACH, OF ST. LOUIS, MISSOURI.

METHOD OF INVESTIGATING MINUTE MOVEMENTS AND DISTORTION IN STRUCTURES.

Application filed April 29, 1922. Serial No. 557,320.

To all whom it may concern: | ,

Be it known thav I, Harry F. RoacH, a
citizen of the United States, residing at St.
Louis and State of Missouri, have invented
new and useful Improvements in Methods
of Investigating Minute Movements and
Distortion in Structures, of which the fol-
lowing is a specification. ) ,

This invention relates to 2 method for ob-
serving or investigating miinute movements
which may occur in a body for any reason,
and while the invention may be applied in
any situation where a minute movement is to
be observed, it is especially useful in observ-
ing or investigating the minute movements
which occur in an engineering structure
when the same is subjected to a load. By
observing and determining the movements
or distortion of any structure or member
subjected to a load, much information may
be deduced as to the fibre stresses which
have been developed. The general object of
the invention is to provide a simple method
‘to enable such very minute movements to be
rendered plainly visible, at the same time
avoiding errors of chromatic. magnification
and aberrations incident to a dioptric opti-
cal system in great magnifications in one di-
rection; also to make prominent the indi-
cated movements in ‘a direction parallel to
an axis of selection. All the errors of a.di-
optric system-may be eliminated if in any
case found desirable by the use of a .catop-
tric optical system in connection with my
magnifying elements. As applied to the
observation of distortions or movements of a

- member under a load, one of my objects is to
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provide a simple method for graphically in-
dicating, and also for recording the distor-
tions which occur by reason of the load. As
one example of the use of my method, I have
described it ag employed to indicate to the
eye the movements in a track rail which
may occur on account of a load passing over
_the rail, and when my method is applied in
such a case, it not only enables vertical move-
ments and vertical distortions of the rail to
be observed, but also efiables the determi-
nation of simultaneous movements which oc-
cur in the rail in a longitudinal direction,
and which give information useful in the so-
lution of problems relating to rail creeping
and ballast reaction. -

Another example is the observing or re-
cording of strains of a member, from which
stresses may be deduced. ‘

The information conveyed by such in-
vestigations is very uséful in studying the
engineering problems incidental to railway
construction.

In practicing my method I may, if de-
sired, produce simultaneously two images or
two photographs of the object, one of which
indicates to the eye the minute movements
of the object with respect to one axis and the

-other indicates minute movements with re-

spect to another axis.

Further objects:of the invention will ap-
pear hereinafter.

The invention consists in the novel fea-
tures, and in the general combination of
steps.to be particularly described herein-
after, all of which contribute to produce a
simple and efficient method of investigating
minute movements, and distortion in struec-
tures. A preferred embodiment of my in-

_vention will be particularly described in the

following specification, while the broad
scope of my invention will be pointed out in
the appended claims. ’

Part of the subject matter herein described
is embodiéd in a divisional application, Se-
rial No. 729,730.

In the drawing, Figure 1 is a diagram-
matic plan, illustrating the apparatus which
I employ in using my method to determine
movements in a rail on a railway track;

Figure 2 is a plan diagrammatically illus-
trating a camera partially broken away and

-shown in section, and further illustrating

my method; ,
Figure 38 is a horizontal section through
the camera attachment which I may employ
to facilitate the practice of my method;
Figure 4 is a diagrammatic plan showing
a camera partially broken away and shown
in section, in-order to illustrate one of the
steps which may be emf)loyed in my method ;
Figure 5 is a side elevation upon an en-
larged scale showing a short portion of a
rail and illustrating one of the steps which
I may employ in practicing my method;
" Figure 6 is an end elevation of the rail
shown in Figure 5; -
Fi%nre 7 is a diagrammatic view indicat-
ing the character of an-anamorphois photo-
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graph which indicates the vertical rail dis-
tortions which occur under the action of the
load upon the rail;

Figure 8 is a view illustrating the char-
acter of a transparent screen which I may
employ in assisting to determine the longi-
tudinal movements which occur in the rail,
simultaneously with the vertical distortions
indicated in Figure 7; and - :

Figure 9 is a diagrammatic view illustrat-
ing the character of an anamorphous pho-
tograph which indicates the amount of
movement of a certain point on the rail,
which occurs simultaneously with the verti-
cal rail distortion indicated in Figure 7.

In practicing the various arts it is often
necessary to investigate minute movements
which may occur, due to physical, chemical
In physical laboratories it
is, of course, possible to employ high-pow-
ered microscopes through the agency of
which minute movements may be observed,
but such microscopes must embody in their
construction very carefully ground and ex-
pensive lenses which must have correction
for aberration, astigmatism and other de-
fects which are inherent in lenses, and they
are limited to magnification in all directions,
which, in very magnification, renders im-
practicable the impositiaxi of scale into the
1mage.

‘While my method may be employed under
any circumstances to observe minute move-
ments of any kind, it is particularly useful
as applied to the solution of engineering
problems through the investigation of the
movements which occur in a structure when

~ the load is applied to it. ¥or example, the
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vibratory movements occurring in bridges
can be investigated, or any movements oc-
curring in columns, girders or any other
members of an engineerng struecture.

In the following specification, by way of
example, I have described the method as

applied to the observation or investigation
of movements occurring in a rail on a rail-

way track, when it is subjected to a load.
When applied to such a purpose my method
enables the vertical or perpendicular dis-
tortions-of the rail to be determined with
accuracy, and, if desired, the simultaneous
movement of a predetermined point on the
rail may be determined, thereby, giving data
‘which 1s useful in solving problems of rail
creeping and ballast reaction.

In Figure 1, 1 represents a rail on a piece
of track which is to be investigated. Op-
posite this rail T set up a tripod, the head
9 of which offers a support for cameras,
grefembly three in number, and designated

y the letters A, B and C. 'These cameras
are focused upon the track so as to take
in any desired length of rail, for example
35 to 50 feet. '

The camera A is an ordinary camera and
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simply takes a mormal photograph of the
track in the usual way. '

The camera B is provided with an at-
tachment of my invention which produces
an anamorphous image and an anamorphous
photograph. The attachment produces a
high magnification in one' direction, only,
parallel with a given axis. In the present
instance this axis along which magnifica-
tion occurs in the camera B, is a vertical
axis and hence the image and photograph
formed by this camera possesses a relative
magnification in a vertical direction only.
The camera C is provided with my attach-
ment, but the attachment is so placed that
an anamorphous image and photograph may
be formed in which high magnification
occurs parallel with another axis; in the
present instance this axis is a substantially
horizontal line, that is to say, the line along
which the rail extends. - \

While in the present instance it will be
noted that the two axes referred to are at
right angles to each other, it should be un-
derstood that this is merely incidental and
that the dirvection of magnification in the two
images or photographs formed may have
any angle with respect to each other that
may be desired. In other words, this step
of my method involves the making of two
different anamorphous images simultaneous-
ly, each image having magnification on a cer-
fain axis different from the direction or
axis of magnification in the other image or
photograph.

In considering this subject it should be
evident that a track rail even on a nearly
perfect piece of track does not have its upper
face disposed in a plane, in other words, as
viewed in side elevation, no rail on a track

is straight, hence if an image or photograph

were made of it, in order to indicate how
the r il has been distorted by the load upon
it, such an image or photograph would not
represent the net distortion which occurred
in the rail due to the load. This difficulty
might not arise in some structures, which
would naturally present upon them a sub-
stantially straight line which, when an in.-
age is made, would be shown in the photo-
graph as distorted from the straight posi-
tion. In the present instance, however. 1
overcome this difficulty by placing on the
side of the rail head, a straight line 3 (sece
Figure 5) which may be made, if desired,
by means of a chalked line, or in any other
manner which will insure a substantially
straight line being formed on the side of
the rail. Having formed this line in this
way, I place the load, for example, a loco-
motive, on the rail at the point being investi-
gated. The camera B, which produces ver-
tical magnification only, will then produce
an image of the line 8 in which the upper
edge of the chalk line will be indicated as
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bent into a curved or sinuous form, such
as that indicated by the line 4® on the plate
4, (see Figure 7). This magnification is
effected by the use of lenses to be fully cor:
rected to and including "the actinic rays,

and by means of a series of reflectors that -

divert the rays as they pass into the camera,
the reflections occurring on curved reflectors

- in such a way that magnification occurs only
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parallel with a given axis; in this way in the
camera B, magnification occurs in all ver- .

tical dimension, but the horizontal dimen-
sions on the image or photograph are nor-
mal; that is, the same as would occur in a
normal photograph or image formed with
the same lenses, placed in the same way. -

My attachment E, by means of which I
effect this anamorphous result in the image,
is illustrated in Figure 8 and comprises an
object lens 5, fully corrected to and includ-
ing the actinic rays, at the forward end
of the attachment through which the rays
pass into the camera. From this lens the

rays pass through a suitable stop 6 and are.

reflected upon a curved reflector preferably
a convex reflector 7 of cylindrieal or ellip-
tical form, the axis of curvature of the re-
flector being disposed in a horizontal posi-
tion. From the reflector 7, the light rays
are inclined up or down in a vertical plane
and fall upon a reflector 8, which may be
a plane veflector, if desired. From this
point the rays pass over to another curved
reflector 9, which is similar to the reflector
7 and from which they pass up on to a re-
flector 10, which may be a plane reflector.

" From this point they pass through a second
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lens 11, corrected similar to lens 5, and into.

the camera box where they produce an
anamorphous image upon the plate or screen
held therein. »

It will be understood that the relative
angular positions of the curved reflectors
is such as to produce a balanced distortion
of an image according to the principle fuliy
explained in my pending application Serial
Number 537,436, filed February 18th, 1922,

In the camera C, which produces an
anamorphous image magnified in the hori-
zontal direction, the attachment shown in
Figure 3 is employed, but it is held in a
position in which the axes of curvature of
the reflectors 7 and 9 are in a vertical posi-
tion. The attachment operates in the same
way upon the rays of light, except that the
magnification is produced in a horizontal
plane instead.of in a vertical plane as in
the camera B.

The camera B enables minute movements
which' occur in a vertical direction in the
rail or any other body, to. be observed, for
it will be evident that if this camera is held
fixed, it will produce an anamorphous image
on the screen or ground glass plate 12, in
which the magnification occurs solely in the

o

direction in which the transverse movements
of the rail take place; this magnificatio:
will be sufficient to render the movements
sensible to the eye; by observing the image
on the ground glass 12 before the load has
been put upon the rail and again after the

Joad has been put upon the rail, the move-
‘ments of the line,such as the line 4* (Fig-

ure 7) will be observed, and the amount of
movement can be noted. o

In order to enable the camera C to pro-
duce an image on its ground glass plate 13,
which will indicate the amount of move-
ment of .2 predetermined point on the rail,
I prefer to provide on the rail a short ver-
tical line or mark 14 (see Figure 5) which
extends at right angles to the line 3. With-
in the camera C I place a transparent screein
15, in front of the ground glass 18, and this
screen 1s provided with a line or indicated
mark. 16, which passes vertically across it.
An image of the point 14 will then appesr
on the ground glass screen 13; the camera
box ‘6 should then, before the load is placed
on the rail, be adjusted until the image of
the point 14 coincides with the line 16, The'
locomotive or other load should then be
placed upon the rail and when this occurs
a shifting movement will occur of the poinit
14, and due to the magnification which oc-
curs in the horizontal dimensions of the
image, the image 17 of this point will be
found to'be moved slightly out of alignment
with the mark 16. In this way the rela-
tive amount of movement of the point 14,
incidental to a given rail distortion indi-
cated on the ground glass 12, can be ob-
served, and furthermore, if desired, these
two images may be concurrently observed
by placing the cameras close together, as
shown. :

The image on theé screen 12, as intimated,
will have the character of the sinuous line
4> shown in Figure 7, and the character of
this line will be of interest to the engineer
or other observer, in investigating the dis-
tortion in ‘the rail which a givén load pro-
duces in a given position.

If it is desired to make a permanent -
record of the images formed in the cameras,
it is simply necéssary to place a sensitized
plate in" each camera in the proper position,
and expose the same in the usual manner
in taking photographs. It is necessary,
however, to have in the finished photograph,
some means for determining what the nor-
mal scale of the photograph is with respect
to the rail. For this purpose it is merely
necessary to photograph a two foot rule in
the field of the camera and extending at
right angles to the direction in which mag-
nification is to occur; or I may place two
marks 18 and 19 on the side of the rail, -
at a predetermined distance apart.

I prefer to ascertain this normal scale by
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photographing the rule or other scale on a
photographic plate exposed in the ¢amera
A, at the same time that the exposure of
the sensitized plate is made in the camera
BB. The cameras are all at the same dis-
tance from the rail and arranged so that the
images are alike and on the same scale ex-
cept for the distortions in one direction.
TIenece a sensitized plate 20 exposed in the
camera A will give what I call.the normal
scale for the photographs.

In Figure 7 the portion of the plate be-
low the line 47 represents a magnified area
of the line 3, while the space above it will
show a small portion of the side of the rail
head above this Jine. The actual distortion
and relative fibre stresses are indicated by
the character of the bends in this line 4%, and
by reason of the fact that we know the
amount of magnification, and also the nor-
mal scale of this photograph, we are enabled
to compute by engineering formulas applied
to this curve, the. fibre stress which must
have occurred in the rail to correspond with
actual distortion indicated by the
photograph. »

1f desired, I may produce a photograph
similar to that shown in Figure 7, by pro-
ducing an anamorphous reproduction or
photograph of the plate 20 of the camera A,
after the same has been developed, the mag-

_nification in the mew photograph occurring

in a vertical direction. Figure 4 illustrates
how this could be accomplished, by placing

the photograph before a camera D, which 1s-

similar in construction to the cameras B
and C. However, in Figure 4 the attach-
ment 11 is illustrated in the position to pro-

duce magnification in a horizontal direction, .

only, and with the attachment in this posi-
tion, I employ this camera D, if desired, to
produce a photograph from the sensitized
plate 18, after development. By domng so,
a magnification occurs in a.horizontal direc-
tion, and the result is a photograph or plate
91 such as indicated in Figure 9, in which
the vertical band 22 represents the line 16
as it would be magnified, and the-area 23
indicates a point or mark 14 magnified; the

“distance between the band 22 and the area

23, indicates or records permanently the
amount of movement which occurs at the
point 14 on the rail. The camera D in this
position may be used on the plate shown in
Figure 7, by turning the plate through 90 de-
grees before photographing it, or, if desired,
the plate may be left in an upright position,
and the attachment E rotated on its longi-
tudinal axis. ' '

In practice, when great accuracy in the.

deductions is desired, I prefer to produce
the anamorphous plates by use of the
cameras B, and C, and also by anamorphous
enlargements of the normal photograph

5 taken with the camera A. The two results

“their conformity will
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operate as a check upon each other, and

%e a criterion of the
accuracy of the observations. ' More reliance
may be placed on the use of the photographic
plate 20 of the camera A, where the light
conditions are not such as to produce the
best results with camera B.

1 have referred to the transverse move-
ments of the rail as vertical movements,
instead of lateral movements because the
word “lateral” used in connection with a
track would mean horizontal. But it is
understood that my method renders it possi-
ble to investigate any movements or distor-
tions which occur in a plane transverse to
the longitudinal axis of the body.

In practice a relative magnification at the
ratio of 400 to 1 can be readily obtained in
the anamorphous images or photographs,
which will be found ample for ordinary
practice; but in case of special investigation,
this relative magnification may be stepped
up by repeated photographing as illustrated
in Figure 4, to any degree desired.

Tt is understood that the embodiment of
the invention described herein is only one
of the many embodiménts my invention may
take, and I do not wish to be limited in the
practice of my invention norin my claims, to
the particular embodiment set forth.

What I claim is:

1. The method of investigating minute
movements which may occur in a body,
which consists in producing balanced
anamorphous image in a fixed position, of
the body, in which magnification occurs
solely in the direction in which the move-
ments of the body are to be observed, the
magnification operating to render the move-
ments sensible to the eye, and observing the
image before and after the movement has
occurred. ‘

2. The method of investigating minute
movements which may occur in a body,

which consists in producing a balanced dis-

torted image in a fixed position of the body
by successive anamorphous projections
thereof, in which image magnification oc-
curs solely in the direction in which the
movements of the body are to be observed,
the magnification operating to render the
movement sensible to the eye, and observing
the image before and after the movement has
occurred. .

3. The method of investigating minute
movements which may occur in a body,
which consists in simultaneously producing
two balanced anamorphous images of the

body, one of the images being magnified in .

a direction substantially parallel to a given
axis and the other image magnified in a

.direction substantially parallel to another

axis, the magnification of said images operat-
ing to render the movements sensible to the
eye, whereby observation of the images will
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disclose the effect produced in the body by
such movements.

4, The method of recording minute move-
ments which may occur in a body, which
consists in producing a balanced anamor-
phous photograph of the body, in which
only the dimensions substantially parallel

to a given axis are magnified, the magnifica--

tion operating to render the .movement
Eensible to the eye, whereby observation of
he photograph will disclose the extent of
such movements.

5. The method of recording minute move-
'ments which may occur in a body, which
consists in producing a balanced anamor-
phous photograph of the body by photo-
graphing the final of a series of successive
anamorphous projections of the light rays
reflected therefrom in which only the dimen-
sions substantially parallel to a given axis
are magnified, the magnification operating
to render the movement sensible to the eye.

6. The method of investigating minute
movements which may occur in a body,
which consists in producing a balanced
anamorphous photograph of the body in
which only. the dimensions substantially
parallel to a given axis are magnified, pro-
ducing a second balanced anamorphous
photograph taken simultaneously with the
first named photograph in which only. the
dimensions substantially parallel to another
axis are magnified, the magnification in both
photographs being sufficient to render the

movements sensible to the eye, whereby ob- -

servations of the photographs will disclose
the effect produced in the body by such
movements. :

7. The method of investigating minute
movements or distortions which may occur
in a body having a substantially straight
line upon the same, when at rest, which con-
sists in producing a balanced anamorphous
image of the said line, in which dimensions
substantially at right angles to said line are
so magnified as to render the said move-
ments sensible to the eye, whereby observa-
tion of the image will disclose the extent of
such movements. s T '

8. The method of investigating the dis-
tortion in an elongated member subjected
to a load which consists in placing a sub-
stantially straight line longitudinally on the

member before the same is loaded, and pro-
ducing an anamorphous photograph of the
line while the member is subjected to tle
load, in which dimensions are magnified in
a direction transverse to the longitudinal
axis of the member. ' :

9. The method of investigating the dis-
tortion in a track rail when subjectcd to a
load, which consists in placing a substan-
tially straight line longitudinally on the
rail before the same is loaded, and produc-
ing an anamorphous photograph of the line
while the rail is subjected to the load, in

which magnification occurs in a direction

transverse to the line.

10. The method of investigating a move-
ment occurring in a member when subjected
to a load, which consists in producing an
anamorphous image of the member on a
plate, juxtaposing a screen with a marked
point thereupon registering with the image
of a predetermined point on the member,
then subjecting the member to the load, and
observing .thereafter the movement of the
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image of the predetermined point with re-

spect to the marked point on the screen.

11. The method of investigating minute
movements which may occur in a body,
which consists in producing a balanced
anamorphous photograph of the body in
which magnification oceurs in one direction
only, and simultaneously producing a noy-
mal photograph having the same normal
scale as the anamorphous photograph,
whereby observation and comparison of the
photographs will disclose the extent of such
movements.

12. The method of investigating minute
movements which may occur in a medium,
which consists in producing a balanced
anamorphous image of a phenomenon, by
which the dimensions substantially parallel
to a given axis are magnified a predeter-
mined degree of that of the dimensions sub-
stantially parallel to any other axis of selec-
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tion, the magnification operating to render

the movements determinable, whereby ob-

servation of the image will disclose the
character and extent of the movements.
In testimony whereof, I have hereunto

‘set my hand.

HARRY F. ROACH.
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