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€ Method and apparatus for connecting a tube to a flange.

&) A method and apparatus for connecting a tube (12)
to a flange (120) is disclosed including placing the tube

between first and second portions (14, 16) of a holding 3
apparatus (10), closing the portions and gripping the
tube securely between the portions by operation of a ®
first powered actuator (24), positioning a force-trans- — .
mitting apparatus (20) including a punch (22) into axial -—
alignment with the tube and the flange, and forcing the 2 BAT
punch axially into the tube and expanding the tube radial- ,}RY‘“
ly outwardly into interlocking engagement with the flange -
by operation of a second powered actuator (26) of the 30 8
force-transmitting apparatus. The portions (14, 16) are = %,
preferably pivotally closed to securely grip the tube, and 3 B S 24 6a
the force-transmitting apparatus (20) is preferably an SO TS e | 7)) 72/ 6s
integrated part of a computer controlled industrial robot 56°5 =20 o 88
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METHOD AND APPARATUS FOR CONNECTING
A TUBE TO A FLANGE.

- The invention relates generally to a method and

apparatus for comnecting a tube to a flange, and more
particularly to an improved method of expanding the
tube radially outwardly into inteflocking engagement'
with the flange, ' '

Metal flanges hav1ng a plurality of grooves

in a central bore therein have heretofore been connected

to a metal tube by inserting a rotating expander assembly
into the end of the tube. The rotating expender assembly
has a tapered mandrel and a plurality of floating,
tapered, elongate rollers contained within an accompany-
ing cage.i The rollers are expanded by insertion of the
rotating mandrel and this deforms the metal of the tube
radially outwardly into interlocking engagement with the
flange. Such a method is disclosed, for example, in

U.S. Patent Specification No.3,982,778.

Over the years these rotating mandrel methods have
been generally satisfactory. But, as tube walls have
been made thicker to withstand higher operating pressures
it has been increasingly difficult to make a high quality
jdint. For example, the amount of'energy required to T
force the rollers into the tube bores to expand the walls

" has increased until surface spalling has been noted on

the inside surfaces of the bores. With such spalling
undesirable flakes of metal can be flushed into the
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associated control system as hydraulic fluid ot the like
is directed through the tubes. Moreover, the increased
forces that have been required have resulted in
increased failure or breakage of® the expensive rotating
expander assemblies and cracking of the flanges prior
to obtaining the desired amount of £ill of the grooves
in the flange. Flakes of metal getting into the
expander assembly can contribute to these problems.

Not only is a considerable amount of energy used,
but also a substantial amount of time is required to
make a satisfactory Jjoint using the rotating mandrel
method. ,

In accordance with one aspect of the present
invention a method of connecting a tube of deformable
materials to a flange comprises the steps of (a)
placing the tube between first and second portions of
a holding apparatus; (b) gripping the tube securely
between the portions; (c) positioning a flange about
the tube; (d) positioning a punch, of preselected exter-—
nal contour, of a force transmitting apparatus in axial
alignment with the tube; and (e) forcing the punch
axially into the tube thereby expanding the tube
radially outwardly into interlocking engagement with
the flange. -

It should be appreciated that step (b) may be
performed before or after step (c).

Preferably, the first and second portions of the
holding apparatus have semi-cylindrical recesses and

_are pivoted together, step (b) including pivotally

closing the portions to grip the tube securely in the
recesses. In this case step (b) may include pivotally
closing the second portion on the first portion,
pivotally moving a first powered actuator into
oﬁerlapping engagement with the second portion, and
then operating the first powered actuator to urge the
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second portion against the first portion. The first
and second portions may then be forcibly separated by
retracting the first actuator.

The force-transmitting apparatus may have a pair
of gripping arms, step (d) including closing the arms
embracingly on the holding apparatus. After the punch
has been urged into the tube, and has been withdrawn
from the tube, the arms are opened away from the

“holdlng apparatus.

In accordance with another aspect of the present
invention apparatus for connecting a tube of deformable

- material to a flange comprises a tube holding apparatus

having first and second portions pivotable one

‘relative to the other about the tube, and a first

powered actuator movable to force the first and second
portions together to grip the tube; and a force
transmitting apparatus including a punch and having a
pair of gripping arms which embrace the holding
apparatus, whereby in use when the punch is pushed |
into the tube to secure the tube onto a surrounding

- flange the reaction of the punch is transmitted through

the gripping arms to the.holding apparatus.

Preferably, the punch and/or holding apparatus
portions have releasable tube engaging parts shph that
after use the punch and/or the holding apparatus
portions may be disessembled, new parts installed and -
the punch and/or holding apparatus portions reassembled
for use with a tube of different cross-section.

The force-transmitting apparatus may include a
oomputer controlled industrial robot for automatically
moving the force-transmitting apparatus into a pre-

selected position.

. Advantageously, after the tube is rlgldly secured
in the closed holding apparatus by actuation of the
first powered actuator, the programmed industrial robot

~—
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of the force-transmitting apparatus can automatically
and precisely position the profiled punch into axial
alignment with the tube. Thereafter the gripping arms
are closed upon the holding apparatus, the punch is
forced ingo the tube a preselected distance, the punch
is retracted, and the gripping arms are opened away
from the holding apparatus so that the industrial robot
can be subsequently positioned at a separate work
station. The result is an improved production method
that can quickly and positively interlock a tube to a
flange without the tube spalling noted with rotating
mandrel processeé. Moreover, less time and energy is
required, and yet the tubes are coupled more tightly to
the flanges with less decrease in the wall thickness of
the tubes. _

An example of a method and apparatus in accordance
with the present invention is illustrated in the
accompanying drawings, in which:- _>

— Figure 1 is a diagrammatic,fragﬁentary, perspective
view illustrating a tube securely held in a holding
apparatus and with a force-transmitting apparatus alignéd
with the tube;

Figure 2 is an enlarged diagrammatic, fragmentary
perspective view of the tube holding apparatus shown in
Figure 1 with the second portion thereof pivotally
opened from the first portion;

Figure 3 is an enlarged diagrammatic view of the
tube holding apparatus shown in Figures 1 and 2 with
parts broken away;

Figure 4 is an enlarged, diagrammatic view, partly
in section, of the tube holding apparatus shown in
Figures 1 to 3; and, '

Figure 5 is a view similar to Figure 4 showing the
profiled punch in its fully inserted position within the
tube and the flange.
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In Figure 1, a holding apparatus 10 securely
grips a mild steel tube 12, having an internal bore

13, between first and second portions 14, 16 thereof

along a main axis 18. A force-transmitting apparatus

20 includes a punch 22, of preselected external contour
positioned on the main
axis 18 preparatory to being urged or forced, axially
into  the tube 12. The holding apparatus 10 includes.
a first powered. actuator or telescoping hydraulic Jack
24 for forcibly clamping the first and second portions
14, 16 together, and the force-transmitting apparatus
20 includes a

B e e e e ey, - - “
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second powered actuator or telescoping hydraulic jack

26 for forcing the punch axially within the tube.

More specifically, the force-transmitting
apparatus 20 includes a frame assembly 28 carried upon
a distal end portion 30 of an industrial robot 32. The
robot is preferably computer controlled and has a
multi-segmented arm 34 that can be aﬁtomatically posi-
tioned in any one of a plurality of working attitudes.
For example, a second portion 36 of the arm 34 can be
rotated on a first portion 38 about a horizontal first
axis 40 to provide a variable degree of pitch as is
illustrated by the arrow identified by the letter P in
Fig. 1. A third portion 42 can be rotated on the '
second portion 36 about a second axis 44 to provide a

‘variable degree of roll as is illustrated by the arrow

identified by the letter R. A fourth portion 46 can be
rotated on the third portion 42 ‘about a generally

upright third axis 48. Frame assembly 28 is mounted on

- the fourth portion 46 of the arm 34 so that it can thus

be appreciated that the frame assembly can be con-
veniently positioned in any one of a plurality of
working attitudes. The multi-segmented arm 34 of the
industrial robot 32 is of conventional construction and
reference is made to the commercial line of industrial
robots and associated automatic control systems produced
by Cincinnati Milacron, Inc. of Cincinnati, Ohio under
the trademark T3 Industrial Robot, the full operation
of which is incorporated herein by reference.

The powered actuator 26 of the force-
transmitting apparatus 20 includes a cylindrical portion
50 releasably secured td the frame assembly 28, and an
extendable rod portion 52 to which is attached the ~
profiled punch 22. A bracket 54 extends transversely
from the rod portion and a cylindrical actuating rod 56

is releasably secured to the bracket. The actuating
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rod is slidably mounted within a spaced pair of bearing

assemblies 58 secured to the frame assembly, and first

" and second anﬁular cam members 60,62 are releasably

secured to the rod at preselected spaced points there-
along. First and second cam-operated followers 64,66
functionally cooperate-with first and second electrical
limit switches 68,70 to advise the control system of

the industrial robot ;2, not shown, of the fully extended
and fully retracted pésitions of the punch 22 and to

stop the punch automatically thereat.

The force-transmitting apparatﬁs 20 further
includes a pair of gripping arms 72 pivotally secured
to the frame assembly 28 at a corresponding pair of
generaily upright pivot joints 74. A third powered
actuator or telescoping hydraulic jack 76 having a head
end portion 78 and a rod end portion 80 pivotally
connected to the individual gripping armé is actuated
by the control system of the robot 32, and a pair of
side bars 82 secured to the frame assembly limit the
maximum opening of the gripping arms to a preselected
degree. Each of the gripping arm 72 has an inwardly -
facing recess 84 therein defining first and second

thrust or reaction surfaces 86,88 as are shown more

~clearly in Figs. 4 and 5.

Turning now to the construction of the holding
apparatus 10 as best shown in Figs. 2 and 3, the first
and second portions 14,16 thereof are pivotally connected
to each other by a pivot joint 90. Replaceable half
bushing members 92, each having a semi-cylindrical
recess 94, are releasably disposed in the respective
first and second portions for accommodating tubes 12 of
different diameters. ~

The first'or lower portion 14 of the holding
apparatus 10 is rigidly sequreditc)avtable,og;workiné

platform 96 and has a recess 98 defined therein and a
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second pivot joint 100. The second or upper portion 16
has a recess 102 substantially like the lower recess 98
and alignable therewith when the upper portion is
pivotally closed upon the lower portion about the pivot
joint 90. As best shown in the side elevation of Fig.
3, a pair of opposed or facing C-shaped channels 104,
individually defining a shoulder 106, are rigidly
connected to the top of the upper portion 16.

The first powered actuator 24 includes a head
end portion 108 having a device 110 screwthreadably
secured thereto, and a rod end portion 112 defining
with the head end portion first and second fluid chambers
114,116. The rod end portion 112 includes a depending
rod 118 that is sealirgly and slidably received in the

‘device 110 and that is pivotally secured to the lower

portion 14 of the holding apparatus 10 at the pivot
joint 100. o

As is best illustrateé in Figs.'4 and 5, a
flange 120 having an internal bore 122 and a shoulder
124 is fitted over the end of the tube 12 such that the
tube abuts the shoulder. The flange is preferably make
of a powdered metal svch as alloyed irpn_as’is, for
example, described in U. S. Patent VSchification
No. 3, 982, 778. A Plurality
of annular grooves or channels 126 are formed in the
flange which open inwardly on the bore and, in general,
the profiled punch 22 is adapted to displace the metal
of the tube 12 radially outwardly into interlocking
conformance with these grooves.

Preferably, the profiled punch 22 includes a
base 128, an annular insert 130 and a retaining end
member 132 as is illustrated in Figs. 4 and 5. The
base has a blind threaded bore 134 an end surface 136, -
and the end member has a cylindrical end portion 138, a
threaded shaft 140 and a cylindrical guiding portion
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142 therebetween. The insert 130 is thus replaceably
contained between a surface 144 on the end portion 138
and the surface 136 on the relatively tightly fitting
cylindrical guiding portion 142.7 The insert itself is
preferably made of a material selected from the group
consisting of chromium plated tool steel, hafnium
carbide, and powdered metal carbide. The peripheral
metal forming contour of the insert is of considerable
significance and we have found that a conical leading
surface 146 having a preselected angle oﬁ outward
divergence and a convex surface 148 tangential thereto
and formed by a preselected radius revolved around the
main axis 18 is preferred. Together the surfaces
146,148 form an annular forming ramp 150 specifically
sized for effective expanéion of the tube material for

different wall thicknesses and tube diameters.

In operation, the tube is initiélly placed in
the recess 94 of the lower portion 14 of the holding
apparatus 10 substantially as illustrated in Fig. 2.

The semi-cylindrical recesses 94 are preferably serrated
and form jointly an undersized bore or interference fit
to better grip the tube. As shown in Fig. 4, the

flange 120 is positioned on the tube such that the
shoulder 124 thereof is seated against the end of the
tube. The upper portion 16 of the holding apparatus is
then rotated about pivot joint 90 from the open position
shown - in Fig. 2 to a substantially closed position
against the lower portion. This is accomplished with
the first powered actuator 24 disposed in a retracted
position as illustrated. Thereafter the first powered .-
actuator is rotated upwardly about the pivot joint 100
to a position overlapping the channels 104 substantially
as illustrated in Figs. 1 and 3. Fluid under considerable
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pressure, for example about 7,000 kPa (1,000 psi), is
subsequently directed to the lower fluid chamber 116
from a conventional source, not shown. This causes the
head end portion 108 to be urged downwardly upon the
channels when viewing Fig. 3 to securely grip the tube:
12. '

During the time period of closing the tube 12
in the holding apparatus 10 we contemplate that the
force-transmitting apparatus 20 may be connecting another
tube to anothef flange 120 at a separate work station,
not shown. But, with the tube securely gripped, the
force-transmitting apparatus is positioned from such
remote location into axial alignment with the main axis
18 as is illustrated in Fig. 1 through automatic
operation of the computer controlled industrial robot
32, During such automatic alignment of the frame
assembly 28 with the main axis it is to be understood

that the first, seécond, third and fourth portions

0 38,36,42 and 46 of the multi-segmented arm 34 can

experience independent pitch, roll and yaw movements in
a known manner. . ¢

The force~transmitting apparatus 20 is thus
aﬁtomatically positioned on the main axis 18 with the

gripping arms 72 in a fully opened position against the

side bars 82 and with the recesses 84 thereof in posi-
tions of lateral alignment with the lower and upper
portions 14, 16 of the holding apparatus. Also, the
rod portion 52 of the second powered actuator 26 is
disposed in a retracted position wherein the profiled
punch 22 is juxtaposed immediately outwardly of the end

"of the tube 12. At this point the region intermediate

the tube and the punch is preferably lubricated by a
jet of lubricating fluid from a tube mounted on the
force-transmitting apparatus or by any convenient means

(not shown) .
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The industrial robot 32 is preprogrammed to
subsequently initiate automatic retraction of the third
powered actuator 76 and closing of the gripping arms 72
to a position wherein the lower and upper portions
14,16 are positivelyrreceived within the arm recesses
84. Whereupon the second powered actuator 26 is auto-
matically extended from the retracted position by
supplying fluid uhder_considerable pressure, for
example 12,000 kPa (1,500 psi), to the head end thereof
from a conventional source, not shown.

With reference to Fig. 4, the*éfofiled punch
22 is thus forced to the right when viewing the drawing
with the cylindrical end member 132 self-centeringly
disposed within the tuberlZ. This causes the forming
ramp 150 and particularly the conical leading surface
146 thereof to displace the material of the internal
bore 13 of the tube radially outwardly as can be
cbserved when compakring Fig. 4 with Fig. 5. Preferably,
the internal bore 13 is diametrically expanded about
1.5 to 6.5% with the inward or rightward travel of the
punch. Such preselected.amount of expansion has been
found to displace the material of the tube substantially
fully into interlocking engagement with the annular
grooves 126 in the flange 120. During the period of
rightward travel of the punch it is of significance to
note that a substantial portion of the reaction forces

“are transmitted through the gripping arms 72. Speci-

fically, note that in Fig. 4 the reaction surfaces 86

of the gripping arms are in force-transmitting contact

with the lower and upper portions 14,16 of the holding

apparatus so that major forces are not transmitted to

the multi-segmented arm 34 of the industrial robot 32. -
Upon reaching the'fully extended position of

the punch 22 illustrated in Fig. 5 the second cam

member 62 has traveled to the right therewith suffi-
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ciently in Fig. 1 to displace the second cam follower
66 downwardly and to trip the second limit switch 70.
This automatically initiates reverse operation of the
second powered actuator'26-to retract .the punch axially
cutwardly of the tube 12. With such reverse operation
the opposite reaction surfaces 88 of the gripping arms
are desirably placed in force—transmitfing contact with
the lower and upper portions 14,16 of the holding
apparatus 10 such thaf the forces are again substantially
absorbed into the table or working platform 96 (Figure 5).

The retraction of the second powered actuator

26 continues until the first cam member 60 contacts

the first cam follower 64 sufficiently to displace it

downwardly and to actuate the first limit switch 68,
whereupon the actuator travel stops and the fully

.retracted position of the punch 22 is realized. At

this point the third powered actuator 76 is automatically
extended to open the gripping arms 72 away from the
holding apparatus 10. The gripping arms separate until
they contact the side bars 82 of the frame assembly 28.
The preprogrammed industrial robot 32 then
automatically travels away from the platform 96 to a
separate work station where another tube and flange

connection can be similarly made. .

Pressurized fluid can then be directed to the
upper fluid chamber 114 of the first powered actuator
24 shown in Fig. 3. This causes the head end portion
108 to travel upwardly on the rod end portion 112 when
viewing the drawing. Accordingly, the annular device
110 travels upwardly also to contact the shoulder 106
of the channels 104 and to cause. the upper portion 16
of the holding apparatus 10 to pivotally open away from _
the lower portion 14. Since there are very large
forces involved in securely clamping the tube 12, there

is a considerable force resisting the subsequent
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separation of the lower and'upper portions. But the
contacting of the adjustable-device 110 with the channels
effectively 0§ens the portions whereupon the fluid
pressure can be released to the first powered actuator,
allowing it to be rotated from an upright position to

the lowered or retracted position shown in Fig. 2.

Then the upper portion can be easily fully opened and
the fully coupled tube and flange removed from the

‘holding apparatus 10.

Thus it can be appreciated that the holdihg
apparatus 10 and force-transmitting apparatus 20 of the

present invention are adapted to more positively connect

" a flange toc a tube, and with a marked savings in time

and eneérgy. Moreover, we have found that the wall
thickness of the tube within the flange after deforma-
tion can be greater than with the prior method of
utilizing a rotating mandrel. Furthermore, the enlarged
bore of the tube is smoother, and yet the flange is

more tightly interlocked with the tube than with prior
methods. '
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1. A method of comnecting a tube (12) of deformable
material to a flange (120), the method comprising the
steps of (a) placing the tube (12) between first and
second portions (14,16) of a holding apparatus (10);

(b) gripping the tube (12) securely between the portions

(14,16); (c) positioning a flange (120) about the tube
12); (d) positioning a punch (22), of preselected
external contour, of a force transmitting apparatus
{(20) in axial alignment with the tube (12); and (e)
forcing the punch (22) axially into the tube (12).
thereby expanding the tube (12) radially outwardly into
interlocking engagement with the flange (120).
2. A method according to claim 1, wherein step (d)
includes closing a pair of gripping arms (72) of the
force~transmitting apparatus (20) embra01ng1y on the

“ holding apparatus (10).

3. A method according to claim 1 or claim 2, further
including lubricating the region intermediate the tube
(12) and the punch (22) prior to step (e). '

4, A method according to any of the precediﬁg claims,
wherein step (e) includes diametricaliy expanding ‘an
internal bore (13) of the tube (12) by 1.5 to 6.5%.

5. A method according to any of the preceding claims,
wherein the first and second portions (14,16) of the
holding apparatus (10) have semi-cylindrical recesses
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(94) and are pivoted together, step (b) including
pivotally closing the portions (14,16) to grip the

tube (12) securely in the recesses (94). '

6. A method according to claim 5, wherein step (b)
includes pivotally closing the second portion (16) on
the first portion (14), pivotally moving a first
powered actuator (24) into overlapping engagement with
the second portion (16), and then operating the first
powered actuator (24) to urge the second portion (16)
against the first portion (14)..

7. A method according to any of the preceding claims,
including the step of programming the force-transmitting
apparatus (20) for automatically controlled robot-type
operation.

8. A method according to any of the prebeding claims,
wherein the punch'(22) has a conical leading surface
(146), and the tube (12) has a plurality of grooves
(126), and wherein step (d) includes expanding the
material of the tube (12) into interlocking engagement
with the grooves (126).

9.  Apparatus for connecting a tube (12) of deformable
material to a flange (120), the apparatus comprising

a tube holding apparatus (10) having first and second
portions (14,16) pivotable one relative to the other
about the tube, and a first powered actuator (24)
movable to force the first and second portions fogeﬁher
to grip the tube; and a force-transmitting apparatus
(20) including a punch (22) and having a pair of
gripping arms (72) which embrace the holding apparatus
(10), whereby in use when the punch (22) is pushed into
the tube (12) to secure the tube (12) onto a surrounding
flange (12) the reaction of the punch is transmitted
through the gripping arms (72) to the holding apparatus _
(10).

10. Apparatus according to claim 9, wherein the punch .
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(22) and/or holding apparatus portions (14, 16) have
releasable tube engaging parts (130,92) such that after
use the punch and/or the holding apparatus portions
may be disassembled, new parts (130,92) installed and
the punch (22) and/or holding apparatus portidns (14,
16) reassembled for use with a tube (12) of different

cross—section.
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