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ABSTRACT: This disclosure relates to apparatus for and 
method of necking in one or both end portions of tubular 
members. The disclosure particularly pertains to the necking 
in of tubular members which have internal surfaces which may 
be readily scratched by relative movement between the tubu 
lar member and the die center. Accordingly, a suitable die as 
sembly is provided wherein it may be utilized in the necking in 
of a tubular member without there being relative movement 
between the die center thereof and the tubular member during 
the necking in of the tubular member. 
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APPARATUS FOR AND METHOD OF NECKING IN END 
PORTIONS OF TUBULAR MEMBERS 

This invention relates to the necking in of tubular members 
at the ends thereof. The invention particularly relates to the 
necking in of tubular members wherein the tubular members 
have internal surfaces or surface coatings which are readily 
scratched or scored during a necking in operation and care 
must be taken to prevent such scratching or scoring of the sur 
faces. 

In the past, the die assemblies for necking in end portions of 
tubular members have been so operated whereby the necking 
in of an end portion has commenced while the die center is 
only partially telescoped within the end portion of the tubular 
member whereby as the tubular member is necked in around 
the die center, there is relative movement between the die 
center and the tubular member. This relative movement in the 
past has, in many instances, resulted in the undue scratching 
or scoring on the internal surface of the tubular member. This 
is particularly true when the tubular member is provided with 
an internal coating such as an enamel coating utilized in coat 
ing internal surfaces of can bodies. 

In view of the foregoing, it is a primary object of this inven 
tion to provide a novel method of necking in end portions of 
tubular members wherein there is no relative movement 
between the die center and the tubular member during the 
necking in operation, thereby avoiding any possibility of 
scratching or scoring the internal surface of the tubular 
member. 
A primary feature of this invention is the provision of a die 

assembly which includes a positive stop associated with the die 
center, and wherein the die center is initially telescoped within 
the tubular member until the stop shoulder thereof is in trans 
verse alignment with the extreme end of the tubular member 
whereby when the tubular member is initially inwardly 
deformed, it will come into engagement with the stop shoulder 
and relative movement between the die center and the tubular 
member will be prevented during the continuation of the 
necking in operation. 
Another object of this invention is to provide a novel die as 

sembly which may be incorporated in a rotary machine for 
simultaneously and progressively necking in opposite ends of a 
plurality of tubular members. 
A further feature of this invention is the provision of a 

stripper which is engageable with the necked in portion of a 
tubular member after the outer ring die has been moved out of 
telescoped relation with respect to the tubular member and 
prior to the withdrawal of the die center whereby the tubular 
member may be firmly held in place during the withdrawal of 
the die center. 
With the above and other objects in view that will 

hereinafter appear, the nature of the invention will be more 
clearly understood by reference to the following detailed 
description, the appended claims and the several views illus 
trated in the accompanying drawings: 
IN THE DRAWINGS: 
FIG. 1 is a plan view of a machine for simultaneously 

necking in opposite ends of tubular members in accordance 
with this invention. 

FIG. 2 is an enlarged fragmentary longitudinal sectional 
view taken along the line 2-2 of FIG. 1 and shows more 
specifically the details of one-half of the machine including 
the mounting of die assemblies therein. 

FIG. 3 is a fragmentary sectional view taken through a prior 
die assembly and shows the same during the initial stage of en 
gagement with an end of a tubular member. 

FIG. 4 is a sectional view similar to FIG. 3 and shows the 
relationship of the die members of the die assembly at the time 
an extreme end of a tubular member is initially inwardly 
deformed. 

FIG. 4A is an enlarged sectional view showing a portion of 
the die assembly of FIG. 4 and the details of the initially 
deformed part of the tubular member. 
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FIG. 5 is a sectional view showing the withdrawn position of 
a die assembly in accordance with this invention, the tubular 
member being positioned in alignment with the die assembly. 

FIG. 6 is a sectional view of the die assembly of FIG. 5 and 
shows the same during an initial telescoping movement rela 
tive to a tubular member. 

FIG. 7 is a sectional view showing a further movement of 
the die assembly with the die assembly being in position to ini 
tially inwardly deform an end of the tubular member. 

FIG. 7A is an enlarged sectional view showing a portion of 
the die assembly of FIG. 7 and the relationship of the 
deformed extreme end of the tubular member with respect to 
the die members. 

FIG. 8 is another sectional view showing the fully operative 
position of the die assembly. 

FIG. 9 is a sectional view showing the outer ring die fully 
retracted and the tubular member brought into engagement 
with a stripper. 

FIG. 10 is a sectional view showing the die assembly as the 
die center moves out of telescoped relation with the necked in 
tubular member. 

Referring now to the drawings in detail, reference is first 
made to the prior art showings of FIGS. 3, 4 and 4A wherein 
there is illustrated a die assembly, which die assembly is 
generally referred to by the numeral 15. The die assembly 15 
is mounted for axial movement within a housing 16. 

Basically, the die assembly 15 includes an outer ring die 17 
which has a tapered entrance portion. 18, an intermediate tu 
bular member supporting portion 19, and a forming shoulder 
20. The outer ring die 17 is configurated to snugly receive 
therein an end portion of a tubular member to be necked in, 
the tubular member being identified by the numeral 21, 
The die assembly 15 also includes a die center 22 which has 

an outer diameter substantially equal to the intended inner 
diameter of the necked in end portion of the tubular member 
21. The die center 22 is telescoped within and is carried by the 
outer ring die 17. It is to be noted that the outer ring die 17 is 
provided with a recess in which the die center 22 is seated. 
The die center 22 is secured to the ring die 17 by means of a 
suitable support member, preferably in the form of a screw 23, 
which screw also secures the outer ring die 17 to a suitable 
support member for axial movement. It is to be noted that the 
outer die ring 17 is shaped so as to define a stop shoulder 24 
surrounding the die center 22. 

It will be seen that the outer ring die 17 is brought into 
telescoped relation with respect to the tubular member 21 be 
fore the die center 22 enters into the tubular member 21. This 
is clearly shown in FIG. 3. 

Referring next to FIG. 4, it will be seen that at the time the 
outer ring die 17 has telescoped over the tubular member 21 
sufficient for the forming shoulder 20 thereof to engage the 
extreme part of the tubular member 21, the die center 22 is 
only partially telescoped within the end of the tubular member 
21. As a result, when the extreme end of the tubular member 
is inwardly deformed, as is best shown in FIG. 4A, the 
deformed end portion, which is identified by the numeral 25 is 
brought into pressure contact with the die center 22 at the 
time the die center 22 is still moving into telescoped relation 
with respect to the tubular member 21. As the end portion of 
the tubular member 21 is continued to be deformed due to the 
continued telescoping of the outer ring die 17 and the die 
center 22 with respect to the tubular member 21, the necked 
in or deformed end portion of the tubular member 21 is in 
relative moving pressure contact with the die center 22. This, 
undesirably, oftentimes results in the undue scratching or 
scoring of the internal surface of the tubular member 21. This 
is particularly true when the internal surface of the tubular 
member 21 is coated with a suitable coating material, such as 
an enamel. Such an enamel is customarily utilized in protec 
tively coating the interior of can bodies and like tubular mem 
bers. 

Reference is now made to FIG. 5 wherein there is illustrated 
a die assembly which is of a configuration somewhat similar to 
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the die assembly 15, but wherein the outer ring die and the die 
center are mounted for separate operation. The die assembly 
of FIG. 5 is generally identified by the numeral 30 and is 
mounted within a housing 31 for axial advancing and retract 
ing movement. 
The die assembly 30 includes an outer ring die 32 which is 

suitably journaled within the housing 31 for relative axial 
movement. The outer ring die 32 has an internal surface which 
includes a tapered end portion 33, an intermediate tubular 
member supporting portion 34, and a forming shoulder 35. 
The outer ring die 32 is of an internal cross section to have 
slightly received therein an end portion of a tubular member 
36 which is to have an end thereof necked in. 
The die assembly 30 also includes a die center 37 which has 

a peripheral surface 38 of a configuration to be snugly 
received within a necked in end portion of the tubular 
member 36 following the reforming or reshaping thereof. The 
axial length of the surface 38 of the die center is at least equal 
to the intended length of the necked in end portion of the tu 
bular member 36. 
The die center 37 is carried by a support member 40 which 

is suitably mounted within the hollow outer ring die 32 for 
relative axial movement. The support member 40 is carried by 
a plunger or rod 41 which is reciprocated in a manner to be 
described hereinafter. A suitable fastener 42 is utilized for the 
purpose of securing the die center 37 and the support member 
4 to the rod 4. 

It is to be noted that the support member 40 is of a diameter 
greater than the diameter of the die center 37. As a result, 
there is formed at the inner end of the surface 38 a stop 
shoulder 43, the support member 40 defining the stop 
shoulder 43. The stop shoulder 43 functions to limit the rela 
tive movement between the die center 37 and the tubular 
member 36 during the necking in operation. 

Referring next to FIG. 6, it will be seen that during the ini 
tial movement of the die assembly 30, the outer ring die 32 
and the die center 37 are simultaneously advanced into 
telescoped relation with respect to the tubular member 36. 
The die center 37 is moved into fully telescoped engagement 
within the tubular member 36 and the stop shoulder 43 is in 
transverse alignment with the extreme end of the tubular 
member 36. The movement of the die center 37 has stopped, 
and the outer ring die 32 continues to advance into telescoped 
relation with respect to the tubular member 36. It is to be 
noted that the forming shoulder 35 of the outer ring die 32 has 
not as yet engaged the tubular member 36. 

Referring now to FIGS. 7 and 7A, it will be seen that there is 
illustrated the initial forming operation performed on the tu 
bular member 36. At this time, the forming shoulder 35 has 
engaged an extreme end of the tubular member 36 and an end 
portion of the tubular member 36, the end portion being 
identified by the numeral 44, has been inwardly deformed into 
engagement with the peripheral surface 38 of the die center 
37. Inasmuch as the extreme end of the tubular member 36 
prior to the initial deforming thereof was in transverse align 
ment with the stop shoulder 43, it will be readily apparent that 
the deformed end portion 44 is brought into engagement with 
the stop shoulder 43 so that as the end portion of the tubular 
member 36 is further deformed or necked in, there can be no 
relative axial movement between the tubular member 36 and 
the die center 37. 

Reference is now made to FIG.8 wherein the die assembly 
30 is in full telescoped engagement with the tubular member 
36 and wherein the forming of a necked in end portion 45 
thereof has been completed. It will be readily apparent that in 
asmuch as the extreme end of the tubular member 36 has been 
in constant engagement with the stop shoulder 43, the could 
have been no relative axial movement between the tubular 
member 36 and the die center 37. Accordingly, there can be 
no scratching or scoring of the internal surface of the tubular 
member 36 up to this point in the necking in thereof. 

In FIG. 9 there is illustrated the position of the die assembly 
30 wherein the outer ring die 32 has fully retracted with 
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4. 
respect to the tubular member 36. At this point, the die center 
37 remains fully telescoped within the necked in end portion 
45 of the tubular member 36. However, since the pressure on 
the neck in end portion 45 by the outer ring die 32 has been 
removed, there has been a slight bounce back of the necked in 
end portion 45 with the result that it is no longer tightly 
gripping the peripheral surface 38 of the die center 37. 
At this time the necked in end portion 45 of the tubular 

member 36 is brought into engagement with a stripper 46 
which engages a shoulder 47 between the necked in end por 
tion 45 and the remainder of the tubular member 36 so as to 
restrain the tubular member 36 against axial movement. 

Referring now to FIG. 10, it will be seen that with the 
stripper 46 holding the tubular member 36 against axial move 
ment together with the die center 37, the die center 37 may be 
retracted from within the tubular member 36. Inasmuch as the 
necked in end portion 45 is riot tightly gripping the die center 
37 at the time the die center 37 is withdrawn, there is no 
scratching or scoring of the internal surface of the tubular 
member 36 even if the interior of the tubular member 36 is 
coated with a suitable enamel or other readily scratchable 
material. 

It is to be understood that the die assembly 30 will return to 
its starting position of FIG. 5 and while in that position, the 
necked in tubular member 36 will be removed and another tu 
bular member 36 positioned relative thereto. 

Reference is now made to FGS. and 2 wherein there is il 
lustrated a machine incorporating a plurality of the die assem 
blies 30 for simultaneously and progressively necking in op 
posite ends of tubular members. The machine, which is 
generally identified by the numeral 50, includes a suitable 
base 51. The base 51 has mounted thereon adjacent opposite 
ends thereof aligned supports 52 in which there is journaled 
for rotation a shaft 53. The shaft 53 is suitably driven by 
means of a power unit 54. 

Intermediate portions of the shaft 53 have mounted thereon 
in fixed relation for rotation therewith a pair of the housings 
31. In the illustrated machine, each of the housings 31 is pro 
vided with six of the die assemblies 30. The die assemblies 30 
of the two housings 31 are disposed in axial alignment. 

it is to be noted that the machine 50 also includes a suitable 
carrier 55 which is disposed between the housings 31 for posi 
tioning tubular members 36 in alignment with the die assem 
blies 30. The details of the carrier 55 are immaterial as far as 
this invention is concerned and will not be described further 
hereinafter. 

It is to be noted that there is associated with each of the sup 
ports 52 a fixed cam assembly 56. Each cam assembly 56 is 
provided with a pair of cam elements 57 and 58 for effecting 
the timed reciprocation of the outer ring die 32 and the die 
center 37. The outer ring die 32 has an extension 60 which is 
provided with a cam follower 6 which engages the cam ele 
ment 57. On the other hand, the rod 4, which is secured to 
the die center 37, extends sufficiently rearwardly whereby a 
cam follower 62 carried thereby is engaged with the cam ele 
ment 58. 

It will be readily apparent that as the housings 31 rotate with 
the shaft 53, the stationary can assembly will be effective, 
through the cam followers 6 and 62, to reciprocate the outer 
ring die 32 and the die center 37 in the desired timed relation, 
as is shown in FIGS. 5 through 10. Thus, each die assembly 30 
will be sequentially operated to effect a necking in of an end 
portion of an associated tubular member 36. Since there will 
be a die assembly 30 engaging each of the opposite ends of the 
tubular member 36, it will be seen that the tubular member 36 
will be simultaneously necked in at the opposite ends thereof. 
At this time it is pointed out that the stripper 46 may be con 

veniently in the form of a rail, as is shown in FIG. 2. The 
stripper rail 46 may be suitably supported relative to the base 
57 by suitable support means 63. 
At this time it is pointed cut that although the stripper 46 

has been specifically describ2d and illustrated as being in the 
form of a rail, it is also to be understood that it is feasible for 
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the stripper 46 to be mounted on the associated housing 31. In 
which event, there would be a stripper for each of the die as 
semblies and each stripper 46 would have to be projected into 
engagement with the necked in end portion 45 of a tubular 
member in timed relation to the withdrawal of the outer ring 
die 32 and the die center 37. 

It will be readily apparent from the foregoing that the die as 
semblies 30, when operated in the sequence specifically illus 
trated in the drawing and described herein, will automatically 
neck in the opposite ends of tubular members without in any 
way scoring or scratching the internal surface or internal sur 
face coatings of the tubular members. On the other hand, it 
will be readily apparent that the die assemblies 30 are readily 
adaptable to an automatic machine type operation. 

It is to be understood that a single die assembly 30 may be 
utilized for the purpose of necking in one end only of a tubular 
body. When the tubular body is provided with a bottom, which 
is either integrally formed or which is applied prior to the 
necking in of one end thereof, the body can be removed from 
the die center 37 by means of air pressure. To this end, the rod 
41 and the fastener 42 may be provided with aligned bores 65 
and 66, respectively, through which air under pressure may be 
introduced into the tubular body at the end of the necking in operation. 
Although only a preferred embodiment of the invention has 

been specifically illustrated and described herein, it is to be 
understood that minor variations may be made in the con 
struction and operation of the die assembly without departing 
from the spirit of the invention. 
We claim: 
1. A method of necking in an end portion of a tubular 

member comprising the steps of fully positioning a die center 
within an end portion of a tubular member, engaging the ex 
treme end portion of the tubular member with a forming por 
tion of an outer ring die, progressively necking in the desired 
end portion of said tubular member around said die center, 
and during the initial necking in of said tubular member ex 
treme end portion bringing said extreme end portion into posi 
tive engagement with a stop associated with said die center to 
prevent relative movement between said die center and said 
tubular member during the remainder of said necking in operation. 

2. A method of necking in an end portion of a tubular 
member comprising the steps of fully positioning a die center 
within an end portion of a tubular member, engaging the ex 
treme end portion of the tubular member with a forming por 
tion of an outer ring die, progressively necking in the desired 
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6 
end portion of said tubular member around said die center, 
and said outer ring die being fully withdrawn from said tubular 
member prior to the withdrawal of said die center, and said tu 
bular member being held stationary by a stripper engaged with 
the necked in portion of said tubular member as said die 
center is withdrawn. 

3. A method of necking in an end portion of a tubular 
member comprising the steps of fully positioning a die center 
within an end portion of a tubular member, engaging the ex 
treme end portion of the tubular member with a forming por 
tion of an outer ring die, progressively necking in the desired 
end portion of said tubular member around said die center, 
and said outer ring die and said die center being initially simul 
taneously positioned in telescoped relation relative to said tu 
bular member. 

4. A die assembly for necking in an end portion of a tubular 
member comprising an outer ring die having a recessed form 
ing shoulder, and a die center having a stop shoulder at one 
end thereof, and means for independently advancing and 
retracing said outer ring die and said die center being operable 
to fully position said die center within a tubular member prior 
to the engagement of said forming shoulder within the tubular 
member. 

5. The die assembly of claim 4 wherein said means are 
operable to position said stop shoulder in transverse alignment 
with an extreme end of a tubular member prior to engagement 
of said forming shoulder with the tubular member to prevent 
relative axial movement between said die center and the tubu 
lar member during the necking in thereof. 

6. The die assembly of claim 5 wherein said means are 
operable to fully withdraw said outer die ring prior to the ini 
tial withdrawal movement of said die center. 

7. The die assembly of claim 4 wherein said means are 
operable to fully withdraw said outer die ring prior to the ini 
tial withdrawal movement of said die center. 

8. The die assembly of claim 8 wherein said means are 
operable to fully withdraw said outer die ring prior to the ini 
tial withdrawal movement of said die center, and a stripper for 
engaging a necked in portion of a tubular member for holding 
the tubular member stationary during the withdrawal of said 
die center. 

9. The die assembly of claim 4 wherein there are two of said 
die assemblies mounted in opposed relation for simultane 
ously necking in opposite ends of a tubular member. 

10. The die assembly of claim 4 wherein said die center and 
said outer ring die are mounted for rotation about an axis and 
said means includes fixed cams. 
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