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This invention relates to a method of Swell 
ing or bulging tubing or cylindrical blank stock 
to form a portion of a length of the tubing or 
cylindrical stock into an outwardly bowed an 
nullus. - 
In my copending applications, Serial No. 

481,177, filed September 11, 1930, and Serial No. 
505,876, filed December 31, 1930, I described a 
method of forming axle housings and flanged 
articles respectively. In the practice of these 
and other methods, I have found it an effective 
step in forming the articles to bow outwardly 
the walls of a predetermined portion of the length 
of the tubing to form a large diameter annulus to 
provide additional material where required, or 
subsequently to collapse axially, to form a flange, 
or to collapse partially to form an expansion sec 
tion of tubing. 

For these and other purposes, it is often de 
sirable to form an annulus having diameters at 
different portions along its length different from 
the diameters which can be obtained by the 
methods above described. Further, annular swell 
is often required which is much longer and at 
the same time of much greater diameter than 
the tube or cylindrical stock. Very important 
in other cases is the formation of an annulus 
having a wall thickness Substantially equal to 
the wall thickness of the original stock. 
My present method makes possible the ac 

complishment of these and other objects and en 
ables me to form such SWells or annuli and con 
trol the length, diameter, and Wall thickness 
comparatively accurately. ( 

Fig. 1 is a longitudinal section of a piece of 
tubing showing the bulging or expanding ap 
paratus in position prior to expansion, certain 
parts of the expander being illustrated in Sec 
tion, 

Fig. 2 is a similar view showing the expander 
in its expanded position with part thereof and 
the lower die shown in section, 

Fig. 3 is a side elevation of the expander ele 
ment, 

Fig. 4 is an end elevation of the same, 
Fig. 5 is a side elevation of One end of an 

expanded section of the tubing showing the same 
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slotted for subsequent forming operations, 
Fig. 6 is a side elevation of the same after the 

forming operation to expand the arms of the 
bifurcated tube and shape them to constitute one 
half of the gear housing portion of an axle hous 
llg, 

Fig. 7 is a side elevation of a section of tubing 

(C. 29-153.) 
having a larger diameter than the stock illus 
trated in Fig. 5, and 

Fig. 8 is a longitudinal section through a modi 
fied form of the apparatus for bulging the tub 
ing and drawing out one end thereof. 

In order to illustrate my present method and 
apparatus, I shall describe its use in Connection 
with the manufacture of axle housings from tul 
bular stock, as more fully described in my CO 
pending application Serial No. 505,876, above 
identified, the application of the principles of 
my invention to other uses being apparent from 
such illustrative example. 

In my method of forming axle housings, a 
tube or cylindrical blank 1, which finay be slight 
ly larger in diameter than the main body of the 
housing is subjected to axial pressure to Swell 
into an OutWardly bowed annulus 2, a portion of 
the tube, indicated by the dot-dash line 3, usually 
intermediate the end 4 and the main body 5. 
The tube is then slotted with diametrically op 
posite slots 6 which extend longitudinally part 
way through the annulus 2, forming arms 7 and 
8. The inner end of the slots are preferably 
shaped, as illustrated, So that the edges thereof 
are parallel to the Outer limits of the annulus 2. 
In succeeding operations the bifurcated forks 7 
and 8, resulting from the slotting, are spread 
apart and formed into the enlarged flanged gear 
housing portion of the axle housing, as illus 
trated in Fig. 6. In order to provide sufficient ad 
ditional material for this spreading operation ad 
jacent to the inner end of the slot 6, the wall thick 
ness of the annulus must be held Substantially 
the same as but preferably rendered greater than 
that of the original stock. 

I accomplish these and other results by sub 
jecting the tubing, either in heated condition or 
cold, to axial pressure and concurrent radial 
pressure, the radial and axial pressures being cor 
related so that the tube is fed lengthwise toward 
the expanding annular portion as the wall of 
the annulus is expanded and in such an amount 
that enough of the length of the material is fed 
into the annulus to cause increased Wall thickness 
or to compensate for what would otherwise be 
thinning of the annulus walls due to increase in 
diameter. In this manner an annulus having a 
Wall thickness Substantially equal to that of the 
Original stock or having a different predetermined 
wall thickness, if-desired, may be formed. 
In order to practice this method, I provide an 

expanding die arrangement which will now be 
described. The expanding apparatus includes 
a Supporting post or die 10, over which one end, 
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for example, the end portion 4 of the tube may 
be placed. The post 10 is provided at its base 
With a shoulder 11 against which the end of 
the tube rests during the expanding operation. 
A die member 12 relatively movable toward and 
away from the die 10 is adapted to slip into the 
other or upper portion 5 of the tube. The die 12 
is likewise provided With an annular shoulder 13 
against which the other end of the tube rests, so 
that as the dies 10 and 12 are moved relatively 
toward each other in an axial direction the tube 
is subjected to longitudinal or axial pressure. 
Expanding elements 14 which are movable radial 
ly inwardly toward and outwardly from the axis 
of the die members 10 and 12 are provided and 
preferably carried on the die member 12. Any 
number of such elements may be used, but ex 
perience has proven that by the use of six of Such 
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elements an annulus of substantially circular 
cross section throughout its length can be formed. 
Each of the elements 14 is provided with longi 
tudinally separated wedge or cam surfaces 15 and 
16, the surfaces 15 engaging complementary can 
surfaces 17 on the member 12 and the Surfaces 
16 engaging complementary can Surfaces 18 on 
the die member 12 spaced longitudinally thereof 
from the surface 17. Instead of forming the Sur 
faces 18 on the die member 12, they may be 
formed on a removable post 19, coaxial with the 
die member 12 and expanded or screw threaded 
thereinto, as illustrated. Each of the elements 14 
rests at its lower end on a shoulder 21 on the 
member 20. The shoulder 21 preferably slopes 
slightly downwardly and outwardly from the die 
members 10 and 12 to insure free outward move 
ment of the expanding elements as axial pressure 
is applied to the dies, The post 19 may haWe a 
downward extension 22 adapted to engage a paS 
sage, indicated at 23, in the die member 10 S0 aS 
to retain the die members 10 and 12 in axial 
alignment during the expanding operation. Each 
of the elements 14 may be provided with cir 
cumferential slots 24 and 25 which are deep 
enough to receive springs 26 and 27 for holding 
the elements in position when the combination is 
withdrawn from the tube and for urging the ele 
ments inwardly of the die members 10 and 12. 
The cam surfaces 15 and 16 and the comple 
mentary cam surfaces 17 and 18 are disposed 
at a slope upwardly and outwardly from the 
axis of the dies 10 and 12. 

Wariations may be made in this angle of slope, 
for instance, from 25 to 50° is effective, a less 
angle being used for a small diameter annulus 
relatively or slow spreading action and a greater 
angle being used for larger diameter or more rapid 
spreading annulus. As the angle increases, 

... greater axial pressure is required and con 
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sequently the tubing is fed into the annulus 
at greater rate. By varying the angle, the axial 
movement and radial expansion may be correlated 
to provide the material thickness desired in the 
annulus. In one case of tubing of the size used 
for axle housings and with an annulus of the 
diameter for practicing such process, I have found 
that by using an angle of 35 the radial expansion 
of the tubing and the downward movement there 
of are correlated so that the tubing is fed into 
the annulus from the upper end at about the 
same rate that the annulus is spread outwardly, 
thus furnishing the additional material for the 
increased diameter and preventing the Sacrifice 
of wall thickness. Due to the fact that the flow 
of material, when once started in a given portion 
of the tubing, will tend to continue in the same 

1,945,079 
portion of the tubing this additional tubing forced 
downwardly toward the annulius tends to flow 
directly thereinto. 
By the use of such a die, the tubing can be 

expanded without heating, thus greatly reducing 
the amount of time and labor required in manu 
facture. 

In operation the expanding combination is in 
Serted in the tubing in the idle position, that is, 
with the elements 14 urged inwardly toward the 
axis of the die members 10 and 12 by the springs 
26 and 27. In this position, the elements 14 are 
in their innermost position and the outermost 
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diameter thereof is equal to or slightly less than 
the diameter of the tube. The tube preferably 
is positioned with the end 4 on the shoulder 11 
of the die 10, as described. The die 12, carrying 
the elements 14, is inserted in the tube from the 
upper end 5 and forced downwardly, bringing 
the cam Surface 17 and 18 of the die 12 into en 
gagement with the complementary cam surfaces 
15 and 16 respectively of the elements 14. At 
Substantially the same time the shoulder 13 en 
gages the upper end 5 of the tube and causes 
axial movement thereof. YA 
Upon engagement of the cam surfaces 15 and 16 

With the Surfaces 17 and 18, the elements 14 are . 
cammed or wedged radially outwardly from the 
die members and guide the portion 3 of the tubing 
to form the annulus 2. At the same time the 
tubing is fed downwardly toward the annulus at 
the desired rate for the particular Wall thickness 
required. This movement continues until the ele 
ments 14 have been moved to an extreme out 
ward position, as illustrated in Fig. 2, the expand 
ing and guiding pressure being applied to the 
inner walls of the tube first near the central 
portion of the annulus and While the pressure is 
continued on the central portion, the zone of 
application is Widened axially therefrom to effect 
outward expansion of the sloping ends. 
The die 12 is then withdrawn. When, as de 

scribed, the annulus 2 is to be formed with the 
ends gradually tapering inwardly to the diameter 
Of the adjacent portions of the tube, the elements 
i4 are formed With in Wardly sloping Surfaces near 
the ends, as indicated at 30 and 31. 
As the die 12 is withdrawn, the tapering end 

Walls of the annulus engage the Surfaces 30 of the 
elements 14 and move them inwardly. Each of 
the elements 14 is provided with an inwardly 
projecting lug 32 adapted to overhang a comple 
mentary shoulder or lug. 33 on the post 19 when 
the elements are in the expanding position, so 
that, as the die 12 is withdrawn, the lugs 33 will 
engage the lugs 32 and support and lift the elle 
ments 14. If desired, the mutually engaging sur 
faces of the lugs 32 and 33 may slope downwardly 
in Wardly, as indicated at 34 and 35, so as to cam 
the elements 14 inwardly upon withdrawal of 
the die 12. ??? 
. Obviously, by shaping the tube contacting sur 
face of elements 14 as desired, and choosing the 
proper length of elements and adjusting the angle 
of the can surfaces to conform to these changes, 
confining the tube on the outside if necessary, 
an annulus of almost any desired length wall 
thickness, shape and diameter may be formed. 
After the dies are removed, the end 4 and part 

of the annulus 2 of the tube are slotted axially 
with diametrically opposite slots, as described, 
and are engaged by dies to spread the bifurcated 
arms 7 and 8, thus formed, apart and to form 
the flanged gear housing portion of the axle hous 
ing. 
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The housing, as described in my copending ap 

plication, is completed by welding the ends of the 
bifurcated arms 7 and 8 of the member thus 
produced to the ends of the arms of a similar 
member while the members are held in axial 
alignment. ?????? 
As stated in my copending application, Serial 

No. 505,876, it is often desirable to form an axle 
housing from tubular stock larger in diameter 
than the main body of the housing. For example, 
referring to Fig. 7, the main body 5a of the hous 
ing is of much smaller diameter than the tubular 
stock, the original size of which is indicated by 
the dotted line 3a. The use of such size of stock 
enables me to prepare the tube with less draw 
ing. The outer end 4a may have the same diam 
eter as the stock, thus providing considerable 
material for the arms of the gear housing por 
tion. The annulus may be expanded, as described, 
but to a less degree, and the main body 5d of the 
tube reduced to the size of the finished housing. 
In this manner, I may form the annulus 2a and 
the main body 5a of the same relative propor 
tions as above or form a proportionately larger 
annulus with considerably less expansion of the 
stock material. Furthermore, as will be apparent 
from the following description, the forming op 
eration may be accomplished with a press which 
is lighter than the press necessary for practice 
of the other method. 
In Fig. 8 is illustrated an apparatus adapted 

to perform the steps of reducing and expanding 
the tubing by the latter method. . 
The expanding elements, cooperating cam Sur 

faces and other related parts of this modified 
apparatus may be the same as in Figs, 1 to 4 and 
require no further description. Such parts, how 
ever, have been designated in Fig. 8 by the same 
reference numerals as in Figs. 1 to 4, followed by 
the Suffix 'a', to avoid confusion. 
In this apparatus, it will be noted that the posi 

tion of the die members 10a and 12a is reversed, 
relative to the tube ends, so that the member 12a, 
carrying the expanding elements 14a is inserted 
into the Outer end portion 4d of the tube, instead 
of in the longer end portion or body 5a. This 
relative reversal of position is necessitated by the 
reducing operation, which would preclude with 
drawal of the expanding means from the end 5a, 
The member 20a is slidably carried on the post 
19a of the die 12a, its axial separation from the 
post being prevented by a lug 40 so as to preclude 
its sticking in the tube and being lifted off from 
the post. 
The die member or ram 10a is carried on a suit 

able head 41 of the press and is provided with a 
Shoulder 1a. The die member 10a, is of reduced 
diameter so as to fit with slight clearance into 
the body 5a of the tube after the tube is reduced. 
Carried on the head 41 is a carrier 42 having an 
opening 43 adapted to receive the reduced tube 
with Slight clearance. Mounted on the end of 
the carrier 42 facing the die 12a and concentric 
with the opening 43 are a plurality of reducing 
dies for reducing the end 5a of the tube. These 
dies may be the usual ring dies, such as indicated 
at 45 and 46, each having the large diameter end 
of the opening toward the die 12a. 

. In operation, the head 41 is raised, lifting the 
die member or ram and the ring dies So that the 
tube may be positioned with the end 4a over the 
die member 12a and resting against the shoulder 
13a. The expanding elements 14a are then in 
their upward and inward position. When the 
tube is so positioned, the head 41 moves rapidly 
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downwardly, and the upper end of the tube is en 
gaged by the ring dies 45 and 46. As the down 
ward motion of the head continues, the tube is 
driven through the ring dies 45 and 46 which re 
duce the diameter and cause concurrent lengthen 
ing of the tube and thickening of the walls. This 
action continues and the shoulder 11a engages the 
upper end of the tube. At this instant, relative 
movement of the body 5a of the tube and the ring 
dies ceases and all move downward as a unit. 
Concurrently, the ram or die 10a engages the 
member 20a. Upon continued downward move 
ment, the member 20a forces the expanding ele 
ments downward on the cooperating cam surfaces, 
causing them to separate radially and guide the 
gradually swelling portion of the tube as it is up 
set by engagement with the shoulders 11a and 
130 to form the annulus 2a. The downward 
stroke of the press is now completed and the head 
41 rises to the starting position. 

If desired, a suitable clamp 49 may be provided 
for locking the end 4a of the tube to insure separa 
tion from the upper die combination. Yn 
The distance between the ring die and expand 

ing elements in the extreme downward position 
of the head 41 may be fixed so that a short length 
of unreduced tube 50 remains between the end 
of the annulus 2a and the reduced portions of the 
main body 5a of the tube. In practice, I have 
found the use of two ring dies satisfactory, the 
dies forming gradually tapering portions 51 and 
52 on the finished tube. .. 
As stated, the use of this particular arrange 

ment of dies is effective in permitting utilization 
of a lighter press since the reducing operations 
of the ring dies are completed before the begin 
ning of the expanding operation. To more clearly 
emphasize this fact, I expanded in an unheated 
condition, a 3% inch tube of gauge suitable for 
axle housing with a pressure of seventy-five tons. 
The first reducing operation required only 35 tons 
and the second reducing operation twenty tons. 
Consequently a press heavy enough for the ex 
panding operation only need be used. Obviously, 
cold forming of tubular or cylindrical stock by my 
method is very effective. X 

In as much as the reducing Operation causes a 
downward flow of the metal and the expanding 
operation follows instantaneously, the metal is 
started for the expanding operation by the reduc 
ing operation, and consequently the expanding 
operation requires less initial force. 

It should be noted further that the ring dies en 
closing the tube apply thereto a large amount of 
the pressure of the press near to the expanding 
portion of the tube so that great pressure does 
not have to be applied to the more distant upper 
end of the body portion 5a of the tube. A 
As set forth above, I do not intend to limit my 

invention to the particular uses herein enumera 
ated, nor to the particular structure illustrated 
and described, but intend to include the use of my 
invention in connection with numerous methods 
of forming articles from tubular stock or strip 
stock welded to form a cylindrical blank, especial 
ly in the production of articles from compara 
tively heavy-gauge stock. For these various uses, 
the apparatus and method may be varied without 
departing from the principles herein set forth. 
I claim: 
1. A method of forming straight tubular stock 

into tubular blanks having a large diameter end 
portion, and a larger diameterswelled portion in 
termediate the large end and main body of the 
tubing, including subjecting the tubing to con 
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current axial and inward radial pressures to re 
duce the diameter of the main body thereof to a 
diameter less than the end portion and to cause 
part of the metal to move toward the portion to 
be swelled, continuing the axial pressure and 8m 
resting the inward radial pressure and applying 
outward radial pressure at the portion to be 
swelled and continuing the application of the 
axial and outward radial pressures to swell such 
portion and to continue the movement of metal 
into the SWelled portion. 

2. A method of forming from straight tubular 
stock a tubular blank having a large diameter 
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swelled portion near the end, including Subject 
ing the tubing to concurrent application of the 
axial and inward radial pressures to reduce the di 
ameter of the main body thereof and to cause part 
of the metal to move toward the portion to be 
swelled, continuing the axial pressure and ar 
resting the inward radial pressure and applying 
outward radial pressure at the portion to be 
swelled and continuing the application of the 
axial and outward radial pressures to Swell Such 
portion and to continue the movement of metal 
into the swelled portion. V 

3. The method of forming an axle housing 
section consisting of subjecting a tube to axial 
pressure and concurrent outward radial pressure 
to expand the same and concurrently to move the 
ends relatively toward each other to increase the 
wall thickness of the expanded portion above that 
of the original tube, slitting one end of the tube 
to extend into the expanded portion at diametri 
cally opposite points, separating the arms of the 
bifurcated portion, and then further expanding 
said arms and forming them into arcuate shape 
whereby the wall thickness of said arms substan 
tially approximates the original wall thickness of 
the tube. 

,079 
4. The method of forming an axle housing sec 

tion consisting of subjecting a tube to axial pres 
Sure to expand the same and to move the ends rel 
atively toward each other to cause the wall thick 
ness of the expanded portion to approximate that 
Of the Original tube, slitting one end of the tube 
to extend into the expanded portion at diametri 
cally opposite points and to divide said end into a 
pair of arms, and separating the arms of the bi 
furcated portions and forming them into arcuate 
shape whereby the wall thickness of said arms 
substantially approximates the original wall 
thickness of the tube. 

5. The method of forming an axle housing 
Section consisting of Subjecting a tube to axial 
pressure while guiding a portion of the same ra 
dially outwardly to expand the latter while con 
currently moving the ends of the tube relatively 
toward each other to cause the wall thickness of 
the expanded portion to approximate that of the 
original tube, slitting one end of the tube to extend 
into the expanded portion at diametrically oppo 
site points, and separating the arms of the bifur 
cated portion and forming them into arcuate 
shape whereby the Wall thickness of said arms 
Substantially approximates the original wall 
thickness of the tube. / 

6. The method of forming an article consisting 
of subjecting a tube to radial pressure to expand 
the same while moving the end relatively toward 
each other to cause the wall thickness of the ex 
panded portion to approximate that of the origi 
nal tube, slotting the tube at diametrically oppo 
site points to divide said portion into a pair of 
arms, and separating the arms of the slotted por 
tion and forming them into arcuate shape. 
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