~ March 20, 1928,

H. F. ROACH

~ STRUCTURE HAVING COINGIDENCE OF NORMALLY ECGENTRIC
- AXES OF FORCE AND NASS
Filed Oct. 31, 1927

L

4

 InvenTOR:
HHARRY L. ROACH

o SR o

 ArToRNEYE



S - Of 1ntegr&1 S-tfuctures 1’1&-Vil'lg an. unSy

Patented Mar. 20, 1928. = =

© UNITED STATES PATENT OFFICE.

 HARRY F. ROACH, ¢

. STRUCTURE HAVING COINCIDENCE OF NORMALLY

OF ST. LOUIS, MISSOURL

ECCENTRIC AXES OF FORCE AND

~ Application filed October 31, 1927, Serial No. 229,943,

duction
mmet-
*rical section on an axis and which, due to
"~ the action of internal forces, are subject to
-8 distortion in the course of production.

 This invention relates to the pro

The phenomenon of force, as that term 1s-

~ here employed, is to be understood as a sin-
- gle force with its equal opposing force, or

any number of forces whose resultant 1s a
- 10 gingle force. Such force may be: any phe- .

nomenon, as heat, water,. electricity, light,

-

~ sponding. The

L

_ which, as an_element, is of unsymmetrical -
-~ gsame standar

18 gection on at least one co-ordinate.

a St&lfldﬁl‘d COIlSt-I‘uGtiOn.; o

‘ete., to which the structure 1s capable of re- 1n the b

structure may be any mass head, for the same purpose;

A balanced internal force, the energy of of the metal in both the head and base of

 which is exerted in the same co-ordinate

external force, will have the

 planes as an
- same effect on the _

20 the resultant forces are as those of the ex-
ternal forces and will bear the same relation
~ to the center of gravity of the structure.
If the signs of the resultant for

~ site to those of the external force,
25 effect on the structure is that of tension

_ rather than compression, but the work done.

- is the same.
~ The present

30 structure, and has for its general object the

production of structures unsymmetrical on
~ at least one co-orain:
tion of the effective resultant

~ forces shall coincide with the center of grav-
35 ity or geometr

ces are oppo- _
then the tions thereon showing the manner of divid-
“ing a rail into sections for the
“determining the metallurgical axis of the

structure if the signs of -

dinate, in which the posi-
of internal -

o invention is concerned with In Fig
" the effect of internal force exerted within a -

ical neutral axis of the struc-

ture. This position of the effective resultant -

ire, T have designated the
- “metallurgical neutral axis,” and 1t 1s a fur-
‘ther object of the invention to provide a

" force in a structure,

40 novel method of determining the position of
axls I a g1ven
-distrib-

 this metallurgical neutral
“structure, and by re-designing, or re
uting the mass of, the structure, to secure

- coincidence of the metallurgical neutral axis ¢
ing
_ i_'Seﬁted by the line G. N. A. at the right of
Fig. 1,

45 with the geometrical neutral
~ gtructure. - o
~ While not, in any sense, limited thereto,

my invention will probably find 1ts widest

axis of the

~ application in the manufacture of steel rails,
50. and the accompanying sheet of drawing
- illustrates my invention as embodied m-a _ 1f the | _

ST T but located below one co-ordinate.

]jngmddrgwm.._- e |
igtre 1 ¥ 2 vy section of a rail pios

they may be considered
operating at opposite ends 11l |
lines, or axes, are shown to be out of comn-

‘shown in Fig. 1 is preserved; and

cidence. - If, now, an

jected in perspective, the rail being one of 55

Figure 2 is a similar view showing a rail

of this standard in which the area of the
~base section 1s the same as that of Fig. L, but
‘having a less amount of metal in the head 1n

60
order to cause the metallurgical neutral axis
to coincide with the geometrical neutral
- Figure 3 is a similar view of a rail of the
same standard showing the amount of metal 65

ase increased relative to that in the

- Figure 4 is a similar view of a rail of the

ard- s_hofving" a, re-distribution
70
the rail to bring about . the coincidence of
the metallurgical neutral axis with the geo-
metrical neutral axis, as in Figs. 2 and 3, but

75

5 is a diagrammatic view 1n end
of one-half of a rail with indica-.

elevation
purpose of
80

1. T have shown two lines with

arrowheads at either end of the rail point-

L -

ing .in opposite - directions, and which are

designated, respectively, by the letters G. N. 85

A., representing the ‘geometrical neutral
axis, and the letters M. N. A., representing
the metallurgical neutral axis.. The position
of the latter 1s conditioned by 1internal |
forces, but for the purpose of illustration, 90
| as external forces
of the rail. These
' external force be ap-
plied normal to the section at the center of

05
oravity of the section, represented by the

Tine G. N. A. at the left and is opposed by o

an equal force at the opposite face and ly-

,I - in the Gthef{‘JOaOI‘dl as I iy
i by the line G N. A, at the left of Fig

in the same co-ordinate planes, repre- -
100
then compression exists and no gen-

oral distortion of the rail will result other

han direct compression diminution in  di-
mension. -
© If the same force conditions are applied 105
lane anid
hlstmté? =

ate plane, as

-

]
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~and the Iine M. N. A. at the right of Fig. 1,
the rail will assume a distorted .condition;

as 1llustrated by the dotted lines in such
figure. This arched condition of the rail is
normal 1 the present processes of manufac-

-turing- rails, -and after leaving the cooling.
beds, the rails have to be bent cold to .

straighten them. This is done by a process

known as “gagging”, and in.this straighten-

Ing process, bending force is applied to the

-rail’ at various points along its lenath-in a

direction at right angles to-its longitudinal

- “axis,'and, as 15 well known, this gageing of
- the rail requires that the rail be bent beyond

5

its elastic limit in order to give & permanent

- set.  duch bending of the: rail beyond its

~elastic limit uses up ‘approximately forty

- per cent o more of the strength of the: rail

20’

before it is put in the track. Furthermore;

-attthe points-of- gageing, small  nuclel are
~Tound, and it is my opinjon that under roll-
ang load and weaving of the rail, these are
~developed into transverse: fissures, causing

~the rail to break. These transverse fissures

a
-

25

1

“2-are very -deceptive and unsafe and have been
the "Su'b]f}(}t ot -mve'ahgatlon ana. research by

skilled engineers for many vyears: without

-any scientific cause for their presence being

‘discovered and without any means being
30

devised for preventing their occurrence.
While my opinion isias above, T am not in a

im the manufacture of rails,
something which should be

01 section of the structure; it may be a point,

50

a lime, or a plane.
~Hrom what has been stated above, it will

be clear that if the center of gravity or

< geometrical neutral:axis of the rail section

ot Fig. 1 .is made to coincide with what T

G0

have termed, and designated in said figure,

‘the metallurgical neutral axis, then a force

applied to the section at the line G. N. A.,

or 1ts center of gravity, and opposed by an
- “equal force at the opposite face of the rail
- applied-at the line of its metallurgical neu-
tral axis will produce no distortion of the

- rail, but only compressicn. :To bring about

an

this coincidence of the metallurgical  with

“the  geometrical neutral axes of the rail, T

64

proceed ‘1n the following manner: -

~In the case of g rail, T would first ascertain

1,868,281

-the position of the geometrical neutral axis

of the rail, which is done according to a well-

known method, and said axis may be indi-

cated by the line ¢—a in Fig. 5. I next di-
vide the rail into three sections, as indicated
by the lines 5—b and c¢—c, the three sec-
tions’ being 1ndicated, respectively, by the
numerals 1, 2 and 3. It will be understood,

~of course, that for this purpose, the rail can

be divided into any number of sections. T

‘next ascertain the center of gravity -of the
respective sections, divide the perimeter of
-each section by the area thereof.to .obtain
the cooling power of each section, then mul-

tiply each of the respective cooling powers
by -the distance of the center of gravity
of each area. from. a plane of selection and

~aivide the sum of these products by the sum

of the respective .cooling powers. This will

-give the position of the resultant force of
~the three cooling powers from the plane of
~selection. Tn other words, it-will denote the

distance of the metallurgical neutral axes

Irom the plane of selection. T.next com-

pare the position of this metallurgical neu-
tral axis with that of the geometrical neu-
tral axis, indicated by the line ¢—a in. Fig.
o. I, as illustrated by:Fig. 1, it is found
that eccentricity exists, i. e., that the two

axes are out of colncidence, I. alter the-sec-
-tion and re-compute. By makingtwo or more
- position to -affirm unqualifiedly that trans--
‘verse fissures in rails are caused as a result of
gagoing the rails. However, the weakening
~of "the rail: resulting from bending it be- .
‘yond -1ts elastic limit, at present a necessary
_evil existing
15 -obviously
-avolded 1f possible, and this, it is the main
“object of my invention to accomplish.
1In the manufacture of steel rails, heat is
~necessarily involved. The heat expands the
~metal and the removing of heat contracts the -
“metal. The force involved is the same in
- both cases, although the sign is different.
The position of the effective resultant of
this cooling force varies with the design

alterations and computations, a. sequence is

-established that permits exact determination
of the .point, line, or plane of coincidence -
of the-gecmetrical neutral axis and the met-
~allurgical neutral axis. '

In Fig. 1, I have indicated; for the pui-

“pose of .comparison, the center of the web
-4 of the rail by a line d—d, and it will be
seen that the line .of the geometrical neu-

tral axis 1s-located above ‘the line d—¢, while
the line of metallurgical neutral axis is lo-
cated below it. By observing Fig. 2 in

which, according to the method above out-
lined, the head 5 of the rail has been re-de-

signed to bring about coincidence of the

-geometrical and metallurgical neutral axes,
1t.-will be -ceen that this common axis is lo-
cated ‘below the line d—d. Thus, it will

be observed that . alteration of the sec-
tion of Kig. 1 that caused the movement

of the geometrical neutral axes in one di-
rection causes the movement of the metal-
lurgical neutral axis in the reverse direction.
80 that no matter what the character of the

structure involved, a point, plane, or. linc

-exists, and only one, where the resultant of

the cooling forces and the center of gravity
of the section coincide. | -
In both Figs. 3 and 4, the geometrical and

-metallurgical neutral axes of the respective
rails coincide, as in Fig. 2, the only differ-

ence being that in Fig. 8, the area of the

~base 6 has been increased relative to that of
the head 7 to bring about the coincidence of

70
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- the two axes, while in 'ﬁFig.lfﬂi,'_the area of the

10

* the rail section in the’ manner described to

head 8 is the same as that of the head of the

rail 1llustrated in Fig. 1 and the area. of the
base of the rail 9 has been 'correspondi’ngly cons _
tral axis of a structure having an unsymmet-

5 enlarged to bring about coincidence of the

wo axes. In the three structures of Figs. 2,

3 and 4, the thickness of the web of the rail

18 maintained_-substant-ially constant to mini-
1ize Internal strains. S

From all of the above, it .Wﬂll-be-fappar’ent
to those skilled in the art that by designing

~ bring about a coincidence of the metallur-

 straight and

20

~certain and unsafe zomes 1n
to gagging. .

95

30

the necessity of bending

‘changing

forces tending to distort it,

the rail, respectively, _
~ that such ~lterations as to the head ‘vgfould

gical neutral axis with the geometrical neu-
fral axis or center of gravity of the rail, op-
portunity 1s offered for the rail to cool

of its designed strength,

after it is cooled, to prevent the cause of un-

for convenience, I have referred to

“While, _ _ _
the areas of the head and base of

correspond to altering section 1 of Fig. 5,
and such alterations as to the D
rail, to altering section 8 of Fig. 5.
1 claim: e

metrical sec

tion and su ject to the e

in which the geo-

metrical neutral axis of the structure and
‘the metallurgical neutral axis are caused to

36

coincide.
" 9. A structure having

" netrical section and subject to_the effect of

40

forces tending to distort it 1n the -p‘:.:?omss_of-_

manufacture, 1 which the oeometrical neu-

~ tral axis of the structure and the metallur-

a5 _
~ rical section on one co-ordinate,
the position of the

. BO

~ the position of the

8. The herein deseribed
consists m
fra] axis of a structure having an unsymmet-
ascertaining
1 neutral

“tral axis of a structure having an unsymmet-

oo structure to

oical neutral axis are _causedto-coinci‘de. L
determining the geometrical neu-

‘metallurgies

s of said section relative to 1ts geomet-

rical neutral axis, and changing the mass of

one element of said section to bring about co-
metallurgical and geo-

‘neidence between the met
metrical neutral axes of the section. -
4 The herein described method,

“which
consists 1n determming

rical section on one co-ordinate, ascertalning

of said section relative to its geometric:
tral axis,

neutral axis, and
ing the section: and re-compuiing, and re-
‘peating this process

geometrical

| 6. A structure,
thereby retain the full mneasure
‘and by avoiding
‘the rail straight

ture of which

the rail incident-

it will be understood

8. A structure
5 metrical’ distribution of

which is heated and subsequently. p
to -cool in the process of manuf

e which is heated
at least one unsym- Process of manu
Jurgical neutral
neutral axis substantially colncide,

“constant thicknes
~strains. | o B
"10. A structure having a section unsyi-

‘method, which L U
of summation

‘metrical on an axi

“consists in determining

the: geometrical neu-

metallurgical neutr al axls
1 neu-
and re-distributing the mass of said
bring about coincidence between -

AXCS of the section. B
5. The heremn described'method,- which
consists in determining

the mét-a;llﬁrgic_al“- and geQiﬁetﬁcal _1lelitf9,1~ -

the geometrical neu-
65 -

pical section on one co-ordinate, ascertaining

the position of the metallurgical neutral 9X1S
of said section relative tO said geometrical

until

neutral
oical neutral axis.

symmetrical on an axis and in the

of the mass being sub-
stantially coineident. ST _

7. A structure of unsymmetrical mass-on .
an axis and in which an internal force 1s In-

volved, the resultant point of the force be-
ing substantially

coincident with the center
of gravity of the mass. IR
having

' metal on an axis an

which the metallurgical neutral axis and the

& L]

if eccentricity exists, olter-

ihe section of which 1s un-
manufac-
an internal force 18 involved, .
_the'resultant_'axis of the force and the geo-
‘metrical neutral AX1S

ermitted
acture, 1

70 '

| a sequence 18 estab-

Tished that permits exact determination of
the point, plane or line of coincidence of the

' ' axig and the metallur--

30

v S

q section of unsym- .

90

oeometrical neutral axis substantially com--

cide. R -
9. A rail having a section of unsymmet-
95

rical distribution of metal on an aXis and

and permitted
' _ axis and the ‘oeometrical

of said rail section being of substantially
s to 1MIMIMIZEe ~internal

s, the center _
of the mass about a point b eing substantially
‘1 said structure present
of manufacture thereof.
11. The herein
the position of a re-
sultant internal force due to '
subsequent elimination or diminution dur-
ing the process of manufacture of a struc-
ture, and determining the relation of the po-
sition of the resultant internal force to the
center of gravity of the structure. -
TIn testimony whereof, I have he
my hand. . o

reunto seb

to cool in the
facture, in which the metal-

leseribed 1’1161-511'@_.(1 “which

itg presence and

. HARRY F. ROACH.

the -web'-. -
100

105
the same as the resultant of internal forces =
during the process

110

119 -
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