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This invention relates to & hew method of

forging railway axles;, and the application: is a -

continuation-in-part of my co-pending applica-

tion Serial No. 708,528, filed November 8, 1946, now"

abandoned, for Method and Apparatus for Pro-
ducing Forged Railway Axles.

Die to the heavy strain imposed on modern

railway equipment, which must be relatively light
to conform to high speed requirements and yet
capable of carrying heavy loads, the demand for
perfection in such equipment including axles is
far heyond the requirements of the past. One of
the essential requirements, for example; of the
modern railway axles is substantial freedom from
eccentricity.
- The Axle Research Comniittee of the A, A. R.
has recommended that eccentricify of axles be
limited to not to exceed Y% inch, by which is
mieant not more than ¥ inch total throw in the
body of the axles. Axle manufacturers have
found that this tolerance cannot be adhered to in
forged axles produced by methods now in use, and
that. when the eccentricity limitation is made &
part of the specifications, the forged axles must
be machined, after forging, to meet the require-
ment.

‘Rough machining of the central portion of the
as-forged axle is the only means heretofore emi-
ployed to obtain the desired concentricify, and
this is objectionable both to manufacturers and
the railroads because of the added cost of the
machining and the material taken off, and be-
cause. tool marks from machine turning create
another objectionable condition, namely, the
forming of transverse ridges and valleys in the
rough machined portion which contributes to
fatigue failures in the axles so. machined.

By the use of the method and apparatus herein
described, I am able to produce railway axles
which have certain highly desirable qualities not
heretofore attainable by known forging methods
and apparatus. These qualities include: (1) close
conformation in axle dimensions and contour to
the specifications of the A. A. R.; (2) concen-
tricity of the axle as forged and freedom fromi
transverse concentric ridges and valleys such- as
result when the center is-subjected to rough ma-
chining to obtain desired concentricity; (3) elim-
ination of all gouged out sections, chip marks, ir-
regular surfaces and other surface defects which
appeared in the billet; (4) finer grain and su-
perior toughness of the metal of the finished
forging; (5) continuous and undistorted longi-
tudinally extending grain flow: lines; and: (6)
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In addition t6"the improvements in axles pro-
duced by my method, other valuable results:are
attained. These include: (7) saving in metal;
(8) saving in fuel required for heating the metal
to forging temperature; (9) -saving in heating
and forging time; (10} saving in labor required;
and (1) saving in cost and time due to elimina-
tion of machirning operations heretofore required.

An object of the invention is to produce, by
forging, solid heavy duty railway axles having
smooth forged tapered centers, the dimensions ot
the axles as forged being close to- those of the
finished axles; whereby a substantial saving in
billet weight and in machining operations -is
effected. _

Another object of the invention is to provide
positive means for forging axles of the character
described which have diametrical roundness
throughout their length, and are free from’eccen-
tricity which exceeds the limit recommended by
the Association of American Railroads..

It has been found in accordance with the
present invention that an axle having the desir-
able qualities hereinbefore outlined can be formed
within a single heating to a relatively low temper-
ature by maintaining upon the billet, a positive
continuous rotational torque, and a frequency
of hammer operation of 50 to 90 blows per minute
whiile rotating the billet at a speed between 6 and
11 R P, M,

Preferably the spéed and frequency of hammer
blows should be close to the lower figure for initial
forging steps and should approach the upper limit
of speed. and Irequency for the finish forging..

‘The saving in fuel required for heating billets,
and the restriction of the forging temperature as
hereinafter described, are important not -only
in the interests of economy but also because the
lower the forging temperature is within plastic
limits, the finer and tougher the grain of thesteel
will'be.. It has been customary heretofore to-heat
billets- to 2150° F. or more in order to complete

_the forging operations at approximately 1750° F.,

without reheating. I Hhave been able, by my
method, to reduce the heating to 2000° F., and to
finish forge at approximately 1750° F. without
reheating,. Others have attempted to produce
forged: axles from billets heated toless thamn 2150°
F. by methods. differing iroin the one claimed
herein, but have not been able to complete the
forging without reheating or resorting to up-
setting operations to complete: the: shaping. of
the forged axle.  Reheating is costly i time and

uniformity of all axles produced by the method, 88 fuel, and upsetting operations, after reheating,



cause Serious coarsening of the grain size over
that established in the original forging.

The highest temperature to which the steel is
heated before forging is conducive to coarsened
grain size, larger at high temperatures and small-
er at lower temperatures. The final grain size in
the steel after forging, is dependent on the final
temperature a which forging work is completed.
The speed 'of my forging process makes it pos-
sible to limit the high grain coarsening tempera~
ture for heating the billet in the forgeable tem-
berature range and narrows the range between
initial temperature heated and the firial finish

forged temperature, so that finer grain size is.as-"

sured in each axle. In other words, my process
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makes possible, for the first time, a commercially - -

practical production of axles of the» best quality - .

including a more refined grain size.

By avoiding upsetting operations in my forged: -

axles I maintain the uniform grain flow lines es-
tablished by the forging operations.in longitu-
dinally extending unbroken and undistorted con-
dition. Further, by avoiding the necessity - of
machining the smooth forged tapered centers,
and by reducing to a minimum machining oper-
ations on-the journals and wheel seats, I retain
in the forged axles produced by my invention,
the “as forged” -outer layer of metal which. ex-
perience has proved, to be highly resistant to
fatizue failure, produced by high speed forging
of the entire billet, simultaneously, coupled with
continuous rotation of the billets and partlally
forged axles while .they are supported on full
length anv11 dies.

The means I have provided for rotatmg the

forgings while they are being subjected to the
forgmg blows of a steam drop hammer are such
that the operation of the hammer is not slowed
or interrupted by the rotating means. Hereto-
fore the rotating or turning of the forging in a
steam drop hammer has been accomphshed in-
termittently, between hammer blows, either man-
ually or by turning devices associated with and
controlled by the operation of the reciprocating
hammer or press. Al these older methods re-
quire interruption of the forging operation, or
relatively slow operation, in order to perm1t the
turning means to function.
. My rotating means are independent of the
forging mechanism, and continucus in operation.
The speeds of operation of the forging hammer
and of the rotation imparting mechanism may be
varied and controlled independently of each
other. The rotary driving force is applied to one
end of the billet or forging outwardly beyond one
end of the forging dies, whereby it is possible for
me to use axle impression dies provided with sub-
stantially closed ends for the final forging step.
This feature of construction not only aids in re-
taining forging temperature in the metal but also
confines -the metal -and controls longitudinal
movement thereof to the end that the die cavities
are completely and compactly filled radially.
This is important in attaining the close to speci-
fied contour of the axle, freedom from . gouged
out surfaces, chip marks, and .other irregularities
which detract from the smooth forged surface
required, and in obtaining the degree of concen-
tricity and freedom from.eccentricity required by
A. A, R. specifications, not heretofore attainable
without machining and consequent increase in
cost and waste.

Due to the use of the apparatus and method
herein disclosed, production -may be increased
from two.to three times the present rate of pro-

20

25

30

35

%0

45

B0

60

a5

70

%

4

duction without a corresponding increase in labor,

In the drawings:

Fig. 1 is a perspective view of apparatus em-
ployed in forging railway axles according to the
method of my invention, showing the floor plan
and arrangement of the steam drop hammer and
other apparatus but eliminating details of con-

struction shown in other views.

Fig. 2 ‘is‘a' perspective ‘view of a billet to be
forged into axle form.
. Fig. 3 is an elevational, fragmentary view of

the billet and tong-hold on one end thereof.

Fig. 4 is an elévational view of the forged axle
as it appears at the end of the forging operation,

~before the tong-hold and surplus end have been

cut off.

. Fig.5isa top plan view of the anvil die which
comprises the corner rounding groove, the ta-
pered center forming and lengthening groove and
the axle impression groove.

- Fig. 6 is a vertical, longitudinal sectional view
of the tapered center forming and lengthening
portion of the anvil die, taken in the plane of the
line 6—6 of Flig. 5. .

Fig. 7 is & vertical transverse sectional v1ew of

hammer and anvil dies; detached from the drop
hammer, the plane of the section bemg indicated
by the dotted line T—7 of Fig. 5.
- Fig. 8 is a vertical transverse sectmnal view on
an enlarged scale, of the tapered center forming
portion of the die, taken in the plane of the line
8—8 of Fig. 5.

Apparatus—The apparatus ‘which I prefer to
use in practicing my method of producing forged
railway axles is arranged as shown in. Fig. 1. It
comprises & continuous . furnace 10 “through
which the billets 11 are moved, and a floor type
mampulator 12 provided with billet gripping
means {3 for conveying billets || from the fur-
hace 10 to a tong-hold press 14 located conveni-
ently near the furnace. Theé tong-hold press 14
comprises cooperatmg upper and lower dies {5
between which one end of the billet is pressed
to reduce the end and to form a tong-hold 16 as
shown in Fig. 3. The dies 15 need not be pro-
vided with any special forming surfaces. . The
end of the billet is squeezed between the prox1—
mate faces of the dies 15 and the tong-hold of
reduced thickness is thus formed. The apparga-
tus also comprises a steam drop hammer {17 lo-
cated to receive billets from the tong-hold press
14, and a forging manipulator i§ located con-
veniently adjacent the steam drop hammer {7 for
the purpose of rotating the billets while they are
being forged between the hammer dies.

The drop hammer 7 is provided with an anvil
die {8 and a reciprocating hammer die 20. These
are mounted in the drop hammer by any well
known means, such as the key 21 on anvil die
I8 engaged in a groove in the base 22 of the ham-
mer and a similar key on the hammer die 28
engaged by the reciprocating ram 23.

"The anvil die 19 comprises a corner-rounding
groove 24, a tapered center forming and length-
ening groove 25 and an axle impression groove 26.

The corner-rounding .groove 24 is of uniform
width, depth and cross sectional contour
throughout the length of the ‘groove, which ex-
tends from end to end.of the anvil die.

The tapered center forming and lengthening
groove 25 :is ftransversely concave as shown in
Fig. 8 but the curved floor of the groove is in-
clined downwardly from the center 27 toward
the opposite ends of the die as indicated by the
inclined surfaces. 28, 28, Fig. .6, which are sub-
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5'.
stantially compiemental in form to the tapered
center of the axle tobe produced.

The axle impression groove 2§ is contoured to
be complemental to the axle to be forged and is
adapted to receive a little less than one-half of
the axle when horizontally disposed. In other
words, the depth of the axle impression groove
26 varies at different points of its length and is
slightly less than half of the diameter of the
axle supported at a given peint.. The axle im-
pression groove 26 in this embodiment of the in-
vention is located between the grooves 24 and 25,
and the ends of the groove 28 are substantially
closed by end walls 26 provided with restricted
openings.. One end wall 29 is provided with a
semicircular opening 30 adapted to receive the
lower half of the tong-hold 16 on the axle end;
and the other end wall 29 is provided with a semi-
circular copening 31 which serves as a gate for

the surplus metal of the billet which is worked ¢

out through the die opening. Between these ends
28, the axle impression groove is contoured to
shape the axle to finished form, as indicated by
the cavities 32, 33, 34, &5, and 36 which shape

the collars, journals, wheel seats, tapered center :

portions and center, respectively.

The reciprocating hammer die 20 preferably is
contoured to correspond with the anvil die {9,
but inverted with respeet thereto, as shown in
Fig. 7. However, it is not essential that the ham-
mer die mateh the anvil die conformations ex-
actly. Only the anvil die need be provided with
the described grooves whereby the exact contour
thereof is imparted to the rotated billet or forg-
ing. When the billet is resting in the groove 24
or the groove 28, the cooperating ‘dies 19 and 20
are spaced apart to a greater extent than is indi-
cated in Fig. 7, but when the partially formed
axle is supported in the axle impression groove
26 the cooperating dies approach each other as
indicated in that figure.

The cavity formed by the axle impression groove
26 of the anvil die 13 and the axle impression
groove 26" of the hammer die 20 corresponds in
dimensions and contour to the axle to be formed,
as shown in Fig. 4, wherein the axle, at the end
of the forging operation, comprises :collars 37,
journals 38, wheel seats -39, tapered center por-
tions 40, center 41, the tong-hold 1§ at one end
and surplus 42 at the opposite end.

Reverting to Fig. 1, the manipulator l8 ‘com-
prises mechanism for imparting continuous
rotary motion in either direction fo the billet, at
selected speeds up to 11 R. P. M., preferably be-
tween 6 and 11 R. P. M., and means for moving
the mechanism support relatively to the drop
hammer for convenient handling of the billets
by the manipulator.

Preferably the manipulator comprises ‘g -plag-
form 43 movable longitudinally of the support-
ing rails 44, 44, the latter being adjustably posi-
tioned in .cross rails 45, 45 adiacént the drop
hammer IT. The platform 43 supports a. hous-
ing 43":which encloses any suitable power trans-
mission mechanism for imparting rotary motion
in either direction to the shaft 46 on which are
mounted the gripping jaws 47 for engaging the
billet tong-hold {6. The shaft 46 and jaws &7
are movable axially of the shaft with platform
43’, and vertically by independent means, to
move the jaws toward and away from the ham-
mer as required for engaging and disengaging
the ‘tong-hold and positionihg the billet in the
dies. Since the details of construction of ‘the
rotary motion imparting ‘mechanism ‘and ‘the
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reciprocating mechanism for moving the shaft 46
longitudinally do not constitute the subject mat-
ter -of this invention and may be varied, it is
believed unnecessary to show the same.

Suffice to say that any speed controlled con-
tinuous rotary motion transmission mechanism,
capable of rotating a billet-of axie weight while
resting on an anvil die, and provided with clutch
slipping means which becomns operative when the
rotative movement of the billet is retarded for a
fractional part of a second due:to hammer and
billet contact, will serve the purpeses of this part
of the apparatus.

Method.—The first step in my method is the
selection of a billet such as the billet {1 shown
in Fig. 1. - This billet has & cross sectional form
consisting of a square with rounded corners. The
length of ‘the billet is regulated by the weight
required 'to make the axle of the desired dimen-
sions.” " For example, 1o produce a standard
6" x 11" A. A: R. freight car axle, I empioy a
billet having an average weight of 1140 Ibs.
and a minimum weight of 1110 1bs., approximate-
1y 77 inches long and 7%’ wide and deep; that
is, the' cross sectional dimensions of the round
cornered square are 7Y x T¥%’. In methods
heretofore empioyed, the weight of the billet re-
quired for the same freight car axle was 1185 Ibs.
average, 1160 Ibs. minimum; size of the sguare
815" x 8%"’; and length approximately 58 inches.

Next the billets are heated in a -continuous

' furnace such as shown at 19 in Fig. 1, according
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to well known methods, being moved at required
intervals, one at a ‘tirne, tiarough the length of
the furnace. Tnstead of heating to 2159° F., as
heretofore in order to finish forge while the metal
remains - sufficiently plastic, which requires a
temperature of approximately 1756° F., my
method requires heating to only 2000° F. in order
to finish forge at said temperaturs of 1750° F
without relieating. The achievement of the com-
plete forging operation within the teniperature
range of 2000° F. to 1750° 7., whereby substan-
tial savings in preduction :cost and superior qual-
ity of product ‘are attained, is made possible by
carrying out the following described sbeps at a
high rate of speed and in guick succession. '
After the heating to approximately 2000° ¥
as described, the hot billet is picked up by means
of the fieor type manipulator i2 and carried to
the press {4 for making the tong-hold {8 on one
end of the billet {{. This is done by squeezing in
a2 series of strokes about three inches at one end
of ‘the biilet between the dies {5 to-a smaller cross
section, whereby a tomg-hoid 10 inches long and
4 by 4 inches in width is produced. ..
Heretofore, in the forging.of railway axles, the
billet has been turned manually or by means of
mechanisni such as {fongs -or lifters associated
with the ram of the forging hammer or mpress.
Such methods and devices. have resulted in in-
termittent rotation or in slowing or interrupting
the operation of the forging machinery. Rotary
motion has also been imparted to the work in
various kinds of metal working operations such
as. grinding, polishing, swaging and the like,
through means such as head and tail stocks which
engaged. cpposite ends of the work while the
grinding, polishing, etc., was being done. Many
of these operations have been directed to articles
such as shafts, shells; rolls and the like. In the
axle forging field, turning devices have been ap-
plied te the ends -of billets, unreduced in cross
sectional-dimensions, or to intermediate portions.
It has not been proposed, heretofore, to reduce
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4 small portion of the billet, at one end, say about
three inches, to form a reduced tong-hold of
approximately ten inches, accessible exteriorly of
the anvil and hammer dies, for actuation by
rotary motion imparting mechanism entirely in-
dependent of the hammer operation. This inde-
pendence of the rotary motion imparting mech-
anism obviates all interruption of the forging
apparatus and permits the rate of application of
the forging blows to be varied and to be gradually
increased in succeeding steps of the forging
operation.

Forming the tong-hold 16 of relatively small
cross section as compared to the diameter of the
billet, whereby the billet can be rotated sub-
stantially continuously at desired speeds by means
independent of the forging apparatus and in a
manner which does not require interruption of
or interference with the high speed operation of
the hammer, is an important feature of my meth-
od, as will be understood from a description of
the whole procedure.

The floor type manipulator (2 grips the tong-
hold and places the billet lengthwise in the groove
24 of the anvil die {9 to be worked on by the drop
hammer die 20 for rounding the corners of the
billet. Since the groove 24 is of uniform cross
sectional contour, the billet need not be centered
between the groove ends. The manipulator 18,
by means of its jaws 47, engages the tong-hold 16
of the hot billet and rofates the billet during the
coner rounding and succeeding steps of the forg-
ing operation.

The manipulator shaft 46, carrying the jaws 41,
is continuously rotated in a clockwise or counter-
clockwise direction by the power driven mechan-
ism in the housing 44, at any desired speed,
preferably between 6 and 11 R. P. M. The appli-
cation of the rotative driving force on the shaft
46 is confinuous. Any suitable power, motor or
other, drives the mechanism in the housing 44.
The continuous rotary motion is transmitted to
the billet |1 through the tong-hold 16 gripped
in the jaws 47, and the billet is rotated at selected
manipulator speed, as it rests on the anvil die 18,
throughout the forging operation excepting dur-
ing the fractional part of a second when the ro-
tation is retarded by contact of the hammer die 20
with the billet. During this fractional part of a
second, slipping takes place in the manipulator
tong clutch or between the billet tong-hold and
manipulator jaws 41.

Preferably, for the corner-rounding operation
in the anvil groove 24, I employ rotation of the
billet at manipulator speed of 7% R. P. M. and
hammer operation at a rate of 60 blows per min-
ute for a period of 15 seconds.

Next the rounded billet is moved to the groove
25 of the anvil die {8 for performing the step of
reducing the cross sectional dimensions of the
billet and making the center portion thereof as-
sume gpproximately the final shape of the tapered
center of the railway axle at this point. The
surfaces 27 and 28 of the anvil portion 25 of the
die are contoured to impart the desired tapered
form to the center portion of the billet. The
effect of the hammer die 20 striking the billet
while thus supported on the anvil 25 while being
rotated about its longitudinal axis increases the
length of the billet to nearly the length of the
finished axle. )

Preferably, for this forming of the tapered
center and lengthening of the billet, I employ
rotation of the billet at manipulator speed of 71,
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R. P. M. and hammer blows delivered at the rate
of 60 per minute for a period of 30 seconds.

When the billet has thus been reduced in cross
sectional dimensions to approximately the final
shape of the axle in its central tapered portion,
and lengthened to nearly the finished axle length,
it is moved to the axle-impression portion 26 of
the die 19 where the hammer die 20 strikes the
hot metal and still further lengthens the stock
and rounds it so that the die is completely filled.

The axle impression groove 26 in the lower die
19 is arranged so that the tong-hold 16 on the
billet extends beyond the die wall 28 and can be
grasped by the manipulator jaws 41. At the op-
posite end the gate 31 receives the surplus stock 42
as it is worked out by the forging strokes: of the
hammer. The exact contour of each part of the
axle need be maintained only in the bottom half
26 of the cooperating upper and lower dies.
Since the hammer or upper die 20 strikes the
heated billet while it is being rotated substantially.
continuously about its axis and is supported on the
lower die, said die imparts to the billet its in-
tended form closely approximating the finished
axle design. )

Preferably, for this finish forging, that is, the
shaping of the forging closely to finished axle

“form, I employ rotation of the bhillet at mani-
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pulator speed of 10 R. P. M. and hammer blows
delivered at the rate of 80 per minute for a period
of 110 seconds. _

Preferably the manipulator rotation is varied
to maintain rotation gt the rate of approximately
one-eighth of a revolution of the billet per blow
of the hammer die. - .

A full sized standard railway axle can be pro-
duced efficiently and economically by this method
in a 25,000 1b. steam drop hammer, with the sav-
ings in weight of stock and in fuel required for
heating, as well as the other advantages here-
tofore described. The average forging time in
seconds, per forging, in production of g standard
6 x 11 railwagy axle, is 110 seconds in the finish
groove 26 and 165 seconds for the complete fur-
nace to floor time procedure. The average num-
ber of hammer blows on the billet in the finish
groove is 145 and the average total number of
hammer blows per forging is 190. :

The successive forging steps are applied to the
entire body of the billet during each step, and
thus the grain flow lines established in the billet
are maintained throughout the process. 'The
grain flow lines nearest the surface follow its
contour but those within the body of metal are
substantially parallel to the axis of the axle.
The uniform working of the entire body of the
metal by each forging stroke, through pressure
applied laterally of the longitudinal axis of the
billet, produces an axle of superior quality and
durability. :

Substantially continuous rotation of the bil-
let, coupled with speedy and uninterrupted ham-
mer operation, with forging blows delivered to
the entire billet simultaneously, all contribute
to achievement of the objects of my invention,
namely: the completion of the forging operation
without reheating within the narrow temper-
ature range of 250° F. with a top limit of ap-
proximately 2000° ¥., whereby economy in pro-
duction and superior fineness and toughness of
metal in the forged axles are assured.

Further, these method steps including the
forging steps of forming the smooth tapered
center, followed by forging to finished axle form,
with substantially continuous rotation, while
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controlling the lengthening of the billet, insure
radial compactness and a high degree of concen-
tricity in the finished axles without added ma-
chining of the “as. forged” axles.

To finish the forged axle, the tong-hold i and

the surplus stock 42 at opposite ends of the forg-
ing are cut off, and a minimum of machining is
required to reduce by machining the journals
and wheel seats to m edetermined size and con-
tour.

The descnbed method produces raﬂway axles
‘having fine grain structure, and this denotes
superior quality and teughness, and less tendency
of the metal to rupture or break under strains,
as compared to coarser grained structures found
in speeimens produeed from metal heated to 2156°
7., or to the higher temperatures generally em-
ployed heretofore. The grain structure of as-
forged steel, after cooling from forging temper-
atures without subseduent heat treatment, is
non-uniform; however, the grain sizes. in the
metal of axles produced by my method are sub-
stantially finer or smaller than those in axles
produced from billets heated to 2150° F. or more.
The largest individual grain in the 2000° F, speci-
men is considerably smaller than the largest in-
dividual grain found in a 2150° F. specimen. -

The as-forged grain condition is affected by
chemical characteristics of metal, heat char-
acteristics, holding time at forging temperatures,
amount of reduction in forging and rate of cool-
ing; but when these factors are equal in methods
which differ only as to the heating of the billet,
to 2000° F. or 2150° P, the grain structure -of the
lower temperature - specimen - is substantially
finer and its toughness substantially greater than
the higher temperature specimen.

The method deseribed, including the forglmr
of the rotated billet sxmultaneously throughout
its length,
cessively exposed to hammer blows, results in the
production .of wuniform metal structure both
around the circumference of - the axle: and
throughout its length. The faet that the billet
is axially stationary during the forging and sub-
jected to blows from end to end simultanecusly
while being rotated, aids in concentric contour
shaping gnd forming a tough unbroken euter
layer of metal on the surface of the axle, readily
distinguishable from the non-uniform structure
and irregular surface of the forgings produced
by methods which involve lifting of the billet
and non-continuous. rotation and interrupted
forging of the billet. This tough, unbroken ou‘ﬁer
layer is ¥4 to Y inch thick..

This method enables me’ to produce raﬂway
axles of various eontours and sizes, and the ap-
paratus described may be adapted for such pur-
pose by obvious changes in the axle-impression
contour 26 of the bottom die 19, and without
departing from the scope of my invention as set
forth in the appended claims.

I claim:

1. The method of producing a solid heavy duty
forged railway axle having a smooth forged ta-
pered central portion and wheel seats, journals
and collars at opposite sides of said portion, which
comprises the steps of selecting a billet having
cross sectional dimensions slightly greater than
the diameter of the wheel seats of the axle to be
forged and weighing only slightly more thanh the
finished axle, heating the billet to approximately
2000° F., reducing one end of the billet to form
a rotary driving connection, subjecting .the billet
to continuous rotational torque from said reduced

in circumferential .increments suc- 4
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end, forging the billet laterally of its longitudinal
axis simultaneously with the application of ro-
tational torque thereto while shaping and length-
ening certain. longitudinal portions of the hillet
to substantially finished axle form, and thereafter
subjecting the entire partially formed billet to a
second forging operation while imparting contin-
uous rotational torque thereto to shape it into
axle form closely approximating the final design
of the finished axle, wherein said forming of the
rotary driving connection, forging and billet. ro-
tating operations are rapidly completed without
reheating of the billet and the hillet is forged to
substantially finished axle form at approximately
1750° B,

2. The method:-of producmg a solid heavy duty
concentrically ‘forged ‘railway axle having a
smooth forged tapered central portion and wheel
seats, journals-and collgrs at opposite sides of said
pertion, which comprises the steps of selecting a
billet having cross seectional dimensions slightly
greater than the diameter of the wheel seats of
the axle to-be forged and weighing only slightly
more than the finished axle, heating the hillet to
approximately 2000° F., reducing one end of the
billet to form ‘& rotary driving connection, sub-
jecting the billet to continuous rotation from said
reduced end, forging the billet laterally of its
longitudinal axis simulfaneously with the appli-
cation of said rotary motion thereto while shaping
and lengthening certain longitudinal portions of
the billet to substantially finished axle form, and
thereafter subjecting the entire partially formed
billet to a second forging operation while impart-
ing continuous rotary motion fhereto and limiting
the extent of lengthwise movement of the metal
of the billet to:shape it into concentrie smooth
forged axle form closely approximating the final
‘design of the finished axle; wherein said forming
0. of the rotary driving connection, forging and bil-
let rotating .operations are rapidly completed
without reheating of the hillet and the billet is
forged to substantially finished axle form at ap-
proximately 1750° F.

3. The method of producing a-solid heavy duty
forged railway axle having a smooth forged ta-
pered central portion and wheel seats, journals,
and collars at opposite sides of said portion, which
comprises the steps of selecting a billet having
50 cross sectional dimensions slightly greater than

the diameter of: the wheel seats of the axle to be
forged and weighing only slightly moré than the
finished:axle, heating the billet to approximately
2000° F.; reducing one end of the billet to form a
‘55 rotary driving: connection, applying to said re-
duced end:a continuous: rotational driving torque
to thereby. produce substantially continuous ro-
tation, striking said billet. during said rotation
with a- drop hammer to thereby forge the hillet
60 laterally ‘of “its: longitudinal axis simultaneously
with the appplication of said rotational: torque
thereto while shaping and lengthening certain
longitudinal portions of the billet to substantially
" finished axle form, and thereafter siibjecting the
65 entire partially formed billet to a second forging
operation while imparting contmuous rotational:
torque thereto to shape it into axle form closely
approximating the final design of the fnished
axle, the striking action of said hammer and the
70 rotation of said billet being gradually increased
in speed during the respective forging operations,
the numer of rotations per minute and the num-
ber of hammer blows per minute being:approxi-
mately in the ratio of one to eight, and the entire
75 forging operamons bemg completed without re-
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heating within a range of temperature between
approximately 2000° F. and 1750° F.
4. The method of producing g solid heavy duty
forged railway axle having a smooth forged

tapered central portion and wheel seats, journals, .

and collars at opposite sides of said portion,
which comprises the steps of selecting a billet
having cross sectional dimensions slightly greater
than the diameter of the wheel seats of the axle

to be forged and weighing only slightly more than &

the finished axle, heating the billet to approxi-
mately 2000° F., reducing one end of the billet
to form a rotary driving connection, applying to
said reduced end a-continuocus rotational driving
torque to thereby produce substantially continu-
ous rotation of between 6 and 9 R. P. M., striking
said billet during said rotation with a drop ham-
mer at a frequency between approximately 50
and 70 blows per minute to thereby forge the
billet laterally of its longitudinal axis simul-
‘taneously with the application of said rotational
torque thereto while shaping and lengthening
certain longitudinal portions of the billet to sub-
stantially finished axle form, thereafter subject-

ing the entire partially formed billet o a second -:

forging operation while imparting continuous
rotational torque thereto to thereby produce sub-
stantially continuous rotation of hetween 9 and
11 R. P. M. and striking said billet during said
rotation with a drop hammer at a frequency
between approximately 70 and 90 blows per
minute to shape it into axle form closely approx-
imating the final design of the finished axle, the
striking action of said hammer and the rotation

of said billet being such that the entire operation :

is completed without reheating within g range
of temperature between approximately 2000° F
and 1750° ¥,

5. 'The method .of producing a solid heavy duty
forged railway axle having a smooth forged ta-
pered central portion and wheel seats, journals,
and collars at. opposite sides of said portion,
which comprises the steps of 'selecting a billet
having cross sectional dimensions slightly greater
‘than the -diameter of the wheel seats of the
axle to be forged and weighing only slightly
more than the finished axle, heating the billet
to approximately 2000° F., reducing one end of
the billet to form a rotary driving connection,

applying to said reduced end a continuous rota-:

tional driving torque to thereby produce sub-
stantially continuous rotation, striking said billet
‘during said rotation with a drop hammer to there-
by forge the billet laterally. of its longitudinal
axis simultanecusly with the application of said
rotational -torque thereto. while shaping and
lengthening certain longitudinal portions of the
billet to substantially finished axle forms, and
theredfter supporting said billet throughout its

length, and subjecting the entire partially formed -
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billet to a second forging operation laterally of
its longitudinal axis while restricting the length~
wise movement of the metal of the partially
forged billet and while imparting continuous
rotational torque thereto to shape it info axle
form closely approximating the final design of
the finished axle, the striking action of said
hammer and the rotation of said billet being
increased in speed during the respective forging
operations, the number of rotations per minute
and the number of hammer blows per minute
being approximately in the ratio of one to eight,
so that the entire operation is completed without
reheating within a range of temperature between
approximately 2000° F. and 1750° F.

6. The method of producing a solid heavy duty
forged railway axle having a smooth foxged
tapered central portion and wheel seats, journals,
and collars at opposite sides of said portion, which
comprises the steps of selecting a billet having
cross sectional dimensions slighfly greater than
the diameter of the wheel seats of the axle to be
forged and weighing only slightly more than the
finished axle, heating the billet to approximately
2000° P., reducing one end of the billet to form
a rotary driving connection, applying to said
reduced end a continuous rofational driving
torque to thereby produce substantially continu-
ous rotation of between 6 and 9 R. P. M., striking
said billet during said rotation with a drop
hammer at a frequency between approximately
50 and 70 blows per minute to thereby forge the
billet laterally of its longifudinal axis simul-
taneously with the application of said rotational
torque theretc while shaping and lengthening
certain longitudinal portions of the billet to sub-
stantially finished axle form, and thereafter sup-
porting said billet throughout its length and sub-
jecting the entire partially formed billet to 2
second forging operation laterally of its longi-
tudinal axis while restricting the Ilengthwise
movement of the metal of the partially forged
billet and while imparting continuous rotational
torque thereto to produce substantially continu-
ous rotation of between 9 and 11 R. P. M. and
striking said billet during said rotation with a
drop hammer at a frequency between approxi-
mately 70 and 90 blows per minute, to shape it
inte axle form closely approximating the final
design of the finished axle, the striking action of
said hammer and the rotation of said billet being
gradually increased in speed during the respec-
tive forging operations, so that the entire opera-
tion is completed without reheating within a
range of temperature hetween approximately
2000° F. and 1750° P
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