June 1, 1965

F. E. BRADY, JR,, ETAL

3,186,203

METHOD OF AND APPARATUS FOR FORMING TUBULAR MEMBERS

Filed May 9, 1960

—PIEI. 2

|

|
|

|

I,

X5 \\\\\'«L."\

UL

3 Sheets—Sheet 1

H‘t\‘@\\\\\\\\\\\\\ \

n

=

16

L%J
<f

\\

73

\\\\\\

7//

737

75

55 |

\\\sﬁ\\

55 3¢

40

\

Lt
gai= 37
35,

.

F“"‘.; 38

Y

/////

c&m\ X JQ

\\\\\\R\\\\

N S 7%7
NN §
bl — E BY
58

B

56
72

66,3
7%
|

77

INVENTORS.
FRANCIS E.BRARDY, JR,
PEARSON L, JOHNSON.



June 1, 1965 F. E. BRADY, JR., ETAL 3,186,203

METHOD OF AND APPARATUS FOR FORMING TUBULAR MEMBERS

Filed May 9, 1960 3 Sheets-Sheet 2

—'PIﬁ. 3 __"Hﬁ. q—

’ 5 2 W2 25 21
6 %
Z 2% 57%
év IR %
Zao éoé ées / T// 60%
%65' | 2_"2 287(; / z_bé
a1l el o
Z % v

Ereancis £ axape e
RANCIS E. TR
chzso/v L, JOHNSON.

éj,ﬁm% %/:;/M%/ //,Wﬁ// s Hoikkaot

AT TORNETYS,



June 1, 1965 F. E. BRADY, JR., ETAL 3,186,203

METHOD OF AND APPARATUS FOR FORMING TUBULAR MEMBERS

Filed May 9, 1960 3 Sheets-Sheet 3
T

Y o
S
| —\\J
| TN
| " '
‘
|

. FI
4l

m ]
N ESERY |
~ I
o ! :
~ N ]
o\ | | o
N 1
] ]
= = i
— |
INEREEE o
i M n
[} | S
I —
R
I ! |

INVENTORS,

FRANCIS E. BRADY, J&,
me?sa,v L, JoOHNSIN,

M}Vm//wﬁwm




United States Patent Office

3,186,203
Patented Jumne 1, 1965

1

3,186,203

METHOD OF AND APPARATUS FOR FORMING

TUBULAR MEMBERS

Francis F. Brady, Jr,, and Pearson L. Johnson, Muncie,
Ind.; said Johmson assiguor, by mesne assigmments, to
said Brady
Filed May 9, 1960, Ser. No. 27,661
8 Claims, (Cl, 72-—56)

This invention relates generally to metal working and
forming methods and apparatus, are more particularly, it
relates to a method of and apparatus for forming a neck
or restriction in a tubular member.

According to conventional practice, restricted sections

or neck portions are formed in tubular members by drill-
ihg bar stock to internal diameter such that a tubular
member is formed having pertions of relatively large
diameter connected by a portion of relatively small di-
ameter.  Cbviously, such an operation is time consuin-
ing and expensive. Another method of manufacturing
such a product comprises a casting technique. Various
methods and devices for deforming a tubular member
to form a neck or restricted portion therein have been
unsuccessful because such methods and devices do not
cause uniform flow of metal to provide a neck or re-
stricted portion of uniform curvature. The neck or
restricted portion has what may be termed a “starred”
shape which renders the tube unusable.
" Tt is particularly desirable to provide a relatively simple
and inexpensive method of deforming a tubular member
for use in the manufacture of check valves of the type
disclosed in Letters Patent of the United States, - No.
2,827,922, granted to Paul A. Guinard. Such valves in-
clude a casing of tubular form having a neck or restricted
portion formed therein.

The principal object of this invention is to provide a
simple and inexpensive method of and apparatus for
forming a neck or restricted portion in a tubular member.

Another object of this invention is to provide a hy-
draulically operated mechanism for forming or contract-
ing a portion of a. tubular member into a neck or re-
striction without decreasing the thickness of the walls of
said member.

Related objects and advantages will become apparent
as the description proceeds.

In accordance with the present: invention, there is pro-
vided a method of forming a neck in a tube which in-
cludes internally supporting the tube, exerting pressure
on the outer wall of the tube and simultaneously with-
drawing support from a portion of the internal surface of
the tube, this withdrawal of suppoert being accomplished
at a controlled rate and moving longitndinally of the
tube. :

The invention also contemplates an apparatus for form-
ing a neck in a tubular member, the apparatus including
a mandrel having a cavity opening at one end of the
mandrel. There is also provided a second mandrel hav-
ing a reduced end portion reciprocally received within
the cavity. The mandrels are arranged in such a man-
ner that a tube may be received about the mandrels
whereby the mandrels will provide support to the tube
during the exertion of pressure on the outer surface
of the wall thereof. There is also provided means for
withdrawing the second mandrel from the cavity whereby,
upon the exertion of pressure on the outer surface of
the tube, the wall of the tube will coliapse toward the
reduced - end portion of the second mandrel and the
collapse will move longitudinally of the tube.

The full nature of the invention will be understood from
the accompanying drawings and the following description
and claims.
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FIG. 1 is a side elevation, partially in section, of an
apparatus for forming a neck in a tube as embodied in
the present invention.

FIG. 2 is a vertical section taken generally along the
line 2—2.of FIG. 1 in the direction of the arrows.

FIG. 3 is an enlarged fragmentary section taken along

' the line 3—3 of FIG. 1 in the direction of the arrows and
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showing a portion of the structure illustrated in FIG. 2
in -a different operating position.
FIG. 4 is a section similar to FIG. 3 showing the struc-

. ture in still another operating position.

15

FIG. 5 is a longitudinal section of a tube having a neck
formed therein by the use of the presént invention.

FIG. 6 is a transverse section of the tube of FIG. 5
taken along line 6—§ of FIG. 5. ,

FIG. 7 is a longitudinal section of a tube having an

" improperly formed “star” shaped neck therein.
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FIG. 8 is a transverse section of the tube of FIG. 7
taken along the line 8—8.

Referring more particularly to the drawings, there is
iltustrated a forming apparatus including a frame 28 hav-
ing a pair of vertical stanchions or rods 11 fixed thereto
and extending upwardly therefrom. Fixedly mounted
upon the upper ends of rods 11 is a horizontally extending
support 12 having a hydraulic cylinder 15 fixedly secured
thereto. The piston rod 16 of the hydraulic cylinder is
reciprocally received within the hydraulic cylinder in con-
ventional manner, extends downwardly thereform and has
fixed to its depending end a movable platen 17 which is
vertically reciprocal upon the stanchions 11.

A lid 28 is fixed to the lower surface of the platen 17
and is arranged to close the upper end of a generally
cylindrical -container 21 which is fixedly mounted upon
frame 10. The 1id 29 has fixed to its lower surface an
annular plate 22 which is suitably formed to retain and
fix a depending mandrel 25 to the lower surface of the
1id 20.  When the lid 20 is-moved downwardly by means
of the hydraulic cylinder 15, the plate 22 and mandrel
25 are moved into a generally cylindrical chamber 26
extending longitudinally of the container 21.

In operation, hydraulic fluid is forced into the chamber
26 for deforming a tubular member 27 received therein.
In order to prevent leakage of hydraulic fiuid from the
upper end of the chamber 26, an O-ring 38 is received
between the plate 22 and the mandrel 25 and within a
suitable peripheral recess in the mandrel. An O-ring
31 is received upon a shoulder 32 formed in container
21 adjacent the upper end of the cavity 26 and also func-
tions to prevent leakage of hydraulic fluid from the cham-
ber and more particularly between the plate 22 and the
container 21, )

In order to insure that the lid 28 is held securely against
the upper -end of the container 21, the lid and the con-
tainer are provided with sidewardly projecting portions
35. When -the 1id is positioned upon the container in
the position of FIG. 2, the projecting portions 35 may be
engaged by a locking or cclamping device 36 which in-
cludes a pair of members 37 which are slidable upon
the frame 10 and have mutually facing recesses 40
adapted to move onto the projections 35 to prevent sep-
aration of the lid and container when hydrauiic fluid is
forced into the container.

The members 37 are slidable between guide members
38 fixed to the frame and are fixed in spaced relation by
a connecting member 41 which is secured to the piston
rod 42 of a hydraulic cylinder 45 mounted upon the
frame 10. It can be seen that the function of the hy-
draulic cylinder 45 is to move the members 37 into and
out of the locking position illustrated in FIGS. 1 and 2.

An annular member 46 is threadedly received within
the container 21 and has an inner wall 44 having a some-
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what greater diameter than the tube 27 whereby hydraulic
fluid may pass therebetween. The annular member 46
is provided with a plurality of axially extending passages
47 which, when the apparatus is in the position of FIG. 2,
communicate between the chamber 26 and an annular
groove 50 on the outer periphery of the member 46.
The container is provided with a suitable aperture 51
which provides communication between a suitable hy-
draulic line (not shown) and the annular groove 59.
Thus, hydraulic fluid and air may pass from the chamber
26 between the annular plate 22 and annular member 46
into the passages 47 and groove 50 and out of the con-
tainer 21 through the aperture 51.

The container 21 is also provided with an aperture
52 which opens directly into the chamber 26. The aper-
ture 52 is comnected to a suitable hydraulic line (not
shown) wherein hydraulic fluid under pressure may be
conducted into the chamber 28.

An insert 55 is fixed within the chamber 26 adjacent
the lower end thereof and provides a bearing surface for
a vertically reciprocal mandrel 56. The mandrel 56 has
a reduced end portion 57 and a smoothly tapering sur-
face 60 joining the reduced end portion 57 with the main
body of the mandrel 56. A hydraulic cylinder 58 fixed
with relation to the frame 10 has its piston rod 61 thread-
edly secured to the lower end of the mandrel 56 where-
by the mandrel may be vertically moved within the con-
tainer 21, the mandrel being reciprocal between a posi-
tion wherein it is wholly seated within a cavity 62 in the
lower end of the mandrel 25 and a position wherein it
is partially withdrawn from the cavity 62 and seated
on ring 63, as illustrated in FIG. 2, the ring 63 being
received between a suitable shoulder on the mandrel and
the insert 55.

It should be noted that the lower end of the mandrel
25 has a rounded surface 65 which smoothly decreases in
diameter adjacent the distal end of the mandrel 25 until
it joins the cavity §2. It should further be noted that
the cavity 62 has a flaring shape adjacent its opening
adapted to mate with the tapering surface 60 when the
mandrel 56 is fully seated in the cavity 62.

The lower mandrel 56 is provided with an axially ex-
tending bore 66 which provides communication between
the cavity 62 in the lower end of the upper mandrel and
a radially extending bore 67 adjacent the lower end of
the lower mandrel. In operation, atmospheric pressure
is maintained within the chamber 62 through the bore
66 and 67 and through an aperture 70 in the wall of the
sleeve-like member 71 surrounding the piston rod 61
and the lower end of the lower mandrel. The lower
mandrel 56 is also provided with a plurality of uniformly
spaced, radially extending bores 73 (only ome of which
is shown) which communicate between bore 66 and the
outside of mandrel 56.

An annular chuck 72 is reciprocally received within
the chamber 26 about the lower mandrel 56. The chuck
72 is movable into seating relation with an annular shoul-
der 75 formed adjacent the lower end of the chamber
26. A tube 76 is threadedly received within the wall
of the container 21 and provides communication be-
tween the chamber 26 and a hydraulic conduit 77. In
order to eject a finished tube, the chuck 72 may be moved
upwardly by hydraulic fluid under pressure flowing into
the lower end of the chamber 26 through the conduit 77
and tube 76.

It should be noted that the chuck 72 is provided with a
chamfered surface 78 and the annular plate 22 is provided
with a chamfered surface 79. These chamfered surfaces
function to initially seal off the ends of the tube and to
prevent leakage of hydraulic fluid from the chamber 26
into the cavity 62. The mandrel 25 is formed with a
peripheral projection 79A which has a flat annular lower
surface arranged to engage the tube 27 and to allow
only a preferred amount of the chamfer to be upset on
the upper end of tube 27. It should be noted that the
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4
chuck 72 is formed similarly at its upper end adjacent
the chamfer 78.

In order to operate the apparatus of the present inven-
tion and to practice the process thereof, the clamping de-
vice 36 is moved out of clamping relation with the con-
tainer and lid and the lid is moved upwardly by hydraulic
cylinder 15 to allow access to the interior of the con-
tainer 21. The hydraulic cylinder 58 is operated to raise
the lower mandrel to its most upward position. The tube
27, which has an initial cylindrical shape, is placed over
and around the lower mandrel 56 as illustrated in FIG. 3.

The lid 20 is lowered into the position of FIG. 2 so
that the depending mandrel 25 is received within the upper
portion of the cylindrical tube and the lower mandrel 56
is fully seated within the cavity 62 in the lower end of
the upper mandrel 25, The hydraulic cylinder 45 is oper-
ated to position the members 37 in clamping relation
about the projecting portions 35 of the lid and container
as illustrated in FIG. 2. The length of the tube will be
such that, in its initial cylindrical shape, it will be some-
what shorter than the distance between the chamfered
surfaces 78 and 79.

Hydraulic fluid is caused to enter the chamber 26
through the aperture 52 flushing out the chamber 26 and
removing air therein, the hydraulic fluid passing out of
the chamber through the passages 47 and 50 and through
the bore 51 in the wall of the container. It is preferred
that this hydraulic fluid be heated prior to this flushing
operation in order to remove air from the fluid. It is de-
sirable to remove this air from the chamber and hydraulic
fluid because the compressibility of the air would slow
down the rate of pressure increase in later steps of the
operation.

Hydraulic finid is then caused to enter chamber 26
below the chuck 72 through conduit 77 and tube 76 mov-
ing the chuck 72 upwardly against the tube 27. The
pressure of this hydraulic fluid is sufficiently great to
cause the tube to be securely seated all around the annu-
lar chamfered surfaces 78 and 79 but not so great as to
collapse the tube.

After the flushing operation, the passage of fluid from
the aperture 51 is shut off by suitable valves and hydraulic
fluid under high pressure is caused to enter the chamber
26 simultaneously through the bore 52 and through con-
duit 77 and tube 76. The pressure 'of the hydraulic fluid
within the chamber should be increased at an extremely
high rate by the fluid entering the chamber through the
bore 52 and tube 76. In one embodiment of the inven-
tion, the pressure is caused to increase from zero p.s.i.g. to
6,000 p.s.i.g. in one-quarter of a second and to continue
to increase to 10,000 p.s.i.g. in a total time of one and one-
quarter seconds from the initial zero p.s.i.g. reading. It
should be noted that because of the differential in area
(wall thickness of tube) between the lower pressurized
surface of the chuck 72 and the upper pressurized surface
thereof, the chuck will not leave the end of the tube dur-
ing the admission of high pressure fluid but rather will
continue the firm seating of the tube against the cham-
fered surfaces.

As the pressure begins to increase, the fluid will, at first
tend to flow around the ends of the cylindrical tube and to
enter the cavity 62 even though the seating of the tube
against the chamfered surfaces 78 and 79 will for the most
part prevent such flow. However, as the pressure in-
creases, the fluid will force against the walls of the tube
causing them to contract and seal against the two man-
drels and to prevent leakage of fluid around the ends of
the tube. The pressure is allowed to increase until the
walls at the unsupported central portion 80 of the tube
begin to collapse toward the position illustrated in FIG.
4. In one embodiment of the invention, this reaction
occurs at approximately 2,000 p.s.i.g.

At the instant the walls begin to collapse, the lower
mandrel 56 is moved downwardly by the hydraulic cylin-
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der 58. Becausc of the above mentioned pressure differ-
ential on the chuck, the tube 27 is prevented from down-
ward movement with the lower mandrel 56. As the pres-
sure within the chamber 26 increases, the collapse of the
central portion 80 of the tube will continue and will move
downwardly so as to follow the longitudinal movement
of the lower mandrel 56 and, more particularly, so as to
follow the tapered surface 60 of the mandrel 56. The
bores 73 function to maintain atmospheric pressure on
the inside of the tube and to bleed any trapped air or
excess oil from between the tube 27 and the mandrel 56.

The mandrel will' move downwardly until it scats
against the ring 63 which in turn will bear against the
insert 55 preventing further downward movement. The
hydraulic pressure within the chamber 26 is caused to
increase.to a point which is somewhat greater than that
necessary to collapse the central portion of the tube in
order to insure that there will be no “spring-back” of
that portion after the forming operation is completed and
the tube is removed from the apparatus.

It should be noted that the withdrawal of the mandrel
from the cavity 62 must be accomplished 4t a controlled
rate which corresponds to the rate of collapse of the wall
of the tube so that as the collapse occurs, the mandrel
moves out of the way allowing the collapse to occur.
Stated in another way, the mandrel must be moved at a
rate sufficiently great so that the collapse of the wall
moves longitudinally of the tube and follows the with-
drawing mandrel. = This rate varies for different wall
thicknesses of the tube and shouid be determined by
experiment. ’

Referring to FIGS. 5 and 6, the proper final shape of
the finished tube is illustrated as including a smooth neck
or restriction 81 having a uniform, wrinkle free, circular
shaped cross section all along the neck. FIGS. 7 and 8
show the shape resulting from either too rapid a with-
drawal of the mandrel or too slow a withdrawal thereof.
It can be seen that the tube of FIGS. 7 and 8§ does not
have a neck which is circular in cross section but rather
has a “star” shaped cross section with ribbed areas §2
referred to above.

After the mandrel 56 has completed its downward
movement, the cylinder 45 may be operated to withdraw
clamping device 36 and unlock the lid 28. Cylinder 15
may thea be operated to lift mandrel 25 to the upper
limits of its movement thereby to release the tubular
member 27. Hydraulic fluid under pressure is then caused
to enter the lower end of chamber 26 through conduit 77
and tube 76 to elevate the chuck 72 into contact with
tubular member 27 for ejecting it from chamber 26.

The present inveniion not only provides a relatively
simple and inexpensive method of forming a neck or re-
stricted portion in a tubular member, but it also forms
such neck or restricted portion without materially chang-
ing the wall thickness of the tubular member in the region
of the restricted portion. By utilizing hydraulic pres-
sure and by controlling the rate of movement of mandrel
56, the metal is controlied during its movement or flow
5o that the stress on all areas of the flow of metal is uni-
form. This prevents formation of ribbed areas or so-
called “starring.”

While the invention has been disclosed and described
in some detail in the drawings and foregoing descrip-
tion, they are to be considered as illustrative and not
restrictive in character, as modifications may readily sug-
gest themselves to persons skilled in this art and within
the broad scope of the invention. For example, the in-
vention may be practiced to form a neck of non-circular
right cross section and also of non-symmetrical right
cross section. As a further example, the apparatus could
be designed to form a neck which extends only around a
portion of the periphery of the tube.

The invention claimed is:

1. A device for forming a neck in a tubular member
comprising a mandrel having a cavity opening at one
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end, a second mandrel having a reduced end portion
reciprocably received in said cavity, said mandrels be-
ing arranged in such a manner that the tube may be re-
ceived thereabout, means for exerting pressure on the
outer surface of said tube, and means for withdrawing
said reduced end portion of said second mandrel from said
cavity and for exposing said reduced end portion to the
inside of said tubular member.

2. A device for forming a neck in a tubular member
comprising a mandrel having a rounded end and a cavity
opening at said rounded end, a second mandrel having
4 reduced end portion reciprocably received in said cavity,
said mandrels being arranged in such a-manner that the
tube may be received thereabout, means for exerting
pressure. on the outer surface of said tube, and means
for withdrawing said reduced end portion of said sécond
mandrel from said cavity and for exposing said reduced
end portion to the inside of said tubular member.

3. A device for forming a neck in a tabular member
comprising an elongated mandrel having a rounded end
and a cavity opening at said rounded end, a second elon-
gated mandrel having a reduced end portion reciproca-
bly received in said cavity; said mandrels being aligned
in such a manner that the tube may be received there-
about, said second mandre! having a smoothly taper-
ing surface between the reduced end portion and the
second mandrel itself, said cavity being flared adjacent
its opening to receive the tapering surface, means for ex-
erting pressure on the outer surface of the tube, and
means for partially withdrawing said reduced end por-
tion of said second mandrel from said cavity.

4, A device for forming a neck in a tubular member
comprising a mandrel having a cavity opening at one
end, a second mandrel having a reduced end portion recip-
rocably received in said cavity, said mandrels being ar-
ranged in such a manner that the tube may be received
théreabout, a chamber within which said mandrels are
received, means for conducting hydraulic fluid under pres-
sure into said chamber for exerting pressure on the outer
surface of the tube, and means for withdrawing said re-
duced end portion of said second mandrel from said cavity
and for exposing said reduced end portion to the inside
of said tubular member.

5. A device for forming a neck in a tubular member
comprising a mandrel having a rounded end and a cavity
opening at said rounded end, a second mandrel having a
reduced end portion reciprocably received in-said cavity,
said mandrels being arranged in such a manner that the
tube may be received thereabout, said second mandrel
having a passage communicating between said cavity and
atmosphere, a chamber within which said mandrels are
received, means for conducting hydraulic fluid under pres-
sure into said chamber for exerting pressure on the outer
surface of the tube, and means for partially withdrawing
said reduced end portion of said second mandrel from
said cavity at a controlled rate after said tube is forced
in sealing relation against said mandrels by said hy-
draulic pressure.

6. A device for forming a neck in a tubular member
comprising a base, an open topped container mounted on
said base, a lid for said container reciprocably mounted on
said base for opening and closing said container, a man-
drel mounted on said lid in such a manner as to. extend
into said container when said lid closes said container,
said mandrel having a rounded end and a cavity opening
at said rounded end, a second mandrel having a reduced
end portion reciprocably received in said cavity, said
second mandrel arranged coaxially of said first mandrel
and reciprocably mounted upon said container, said sec-
ond mandrel having a passage communicating between
said cavity and atmosphere, means for conducting hydrau-
lic fluid under pressure into said container for exerting
pressure on the outer surface of a tube received about said
mandrels, and means for partially withdrawing said re-
duced end portion of said second mandrel from said cavity
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at a controlled rate after said tube is forced in sealing re-
lation against said mandrels by said hydraulic pressure.

7. A device for forming a neck in a tubular member
comprising a base, an open topped container mounted on
said base, a lid for said container reciprocably mounted
on said base for opening and closing said container, a
mandrel mounted on said }d in such a manner as to ex-
tend into said container when said lid closes said con-
tainer, said mandrel having a rounded end and a cavity
opening at said rounded end, a second mandrel having a
reduced end portion reciprocably received in said cavity,
said second mandrel arranged coaxially of said first man-
drel and reciprocably mounted upon and extending
through the wall of said container, said second mandrel

" having a passage communicating between said cavity and
atmosphere, means for conducting hydraulic fluid under
pressure into said container for exerting pressure on the
outer surface of a tube received about said mandrels,
means for partially withdrawing said reduced end portion
of said second mandrel from said cavity at a controlled
rate after said tube is forced in sealing relation against
said mandrels by said hydraulic pressure, and an annular
chuck surrounding said second mandrel within said con-
tainer, said chuck being reciprocal within said container
upon said second mandrel, and means for conducting hy-
draulic finid under pressure into said container between
said chuck and the portion of said wall of said container
through which said second mandrel extends.

8. A device for forming a neck in a tubular member
comprising a base, an open topped container mounted
on said base, a lid for said container reciprocably mount-
ed on said base for opening and closing said container,
said lid and said container each having oppositely pro-
jecting portions, each of said portions on said lid being
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tion as a corresponding portion on said container when
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said lid closes said container, a clamping device having
mutually facing recesses proportioned and arranged to
receive said oppositely projecting portions, means for
moving said clamping device onto and off of said oppo-
sitely projecting portions, a mandrel mounted on said lid
in such a manner as to extend into said container when
said lid closes said container, said mandrel having a
rounded end and a cavity opening at said rounded end, a
second mandrel having a reduced end portion reciprocably
received in said cavity, said second mandrel arranged co-
axially of said first mandrel and reciprocably mounted
upen said container, said second mandrel having a pas-
sage communicating between said cavity and atmosphere,
means for conducting hydraulic fluid under pressure into
said container for exerting pressure on the outer surface
of a tube received about said mandrels, and means for
partially withdrawing said reduced end portion of said
second mandrel from said cavity at a controlled rate after
said tube is forced in sealing relation against said man-
drels by said hydraulic pressure.
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