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This invention relates to improvements in Figure 10 is an elevation showing modified forms
methods and means for making tube bends. More of the elements; and
especially it has to do with the production of  Figure 11 is a cross sectional view thereof as on
bends having a controlled wall thickness. . line 11—11 of Figure 10.
8 ' It is a major object of this invention to pro- Referring now more particularly to the draw- 60
duce bends of relatively short radius from tubes ings there is shown in full lines in Figures 1 and
of ordinary stock sizes and to effect and control 2, a tube 2, bent in accordance with the principles
the distribution of the material in the tube wall of my invention. This bend has the same wall
to the end that the wall of the finished bend will thickness as the straight tube (seen in dot and
-10 be of desired thickness. dash outline) from which it was formed but this 65
It is a further object to produce bends of con- is merely illustrative because it is possible in the
trolled wall thickness by applying a vibratory practice of my invention to have the inner wall
force externally to a tube as it progresses along a 2a¢ of the bend thicker than the outer wall 2b,
mandrel having a curved portion corresponding or vice versa, it being a feature of the invention

15 to the desired curvature of the bend. ° to control the distribution of the tube material 70

In carrying out the principles of my invention¥ and consequent wall thickness as desired. :
employ a mandrel having a portion, curved as It should be stated initially that in what fol-
aforesaid, from which the bend is discharged in Jlows it must be assumed that the material of the
its bent shape. Coacting with t;'xis mandrel are tube when operated upon is in a ductile or mal-

20 externally positioned elements, one or both of leable condition, this being either an inherent 75
which is movable intermittently to impart a forg- characteristic of the metal (copper, lead or the
ing pressure to the tube. These elements, to- like) or a state produced by proper heating. And
gether with the mandrel, effect both the bending it should be also borne in mind that if the tubing
of the tube and the control of the wall thickness be of such metal as requires heating, proper con-

25 of the bend. sideration must be given to the variations in sizes 80

In the accompanying drawings I have shown which occur because of expansion or contraction. -
somewhat diagrammatically how my invention One of the elements which I employ in car-
may be practiced and means for so doing but rying out by invention is a cylindrical mandrel

" these showings are merely illustrative and it is 3 having a straight portion 3¢ and a curved por-

30 intended that the patent shall cover by suitable ticn 3b whose radius of curvature is that of the 85
expression ‘n'the appended claims whatever fea- desired bend. If the finished bend is to have
tures of patentable novelty exist in the invention gpproximately the same diametric dimensions
disclosed. as the tube operated upon, this mandrel is sub-

In the drawings: stantially the same size as the inside of the tube,

35 Tigures 1 and 2 are side and end views re- the latter being movable along the straight por- 90
spectively, showing in dot and dash lines a tion 3a without undue friction. Any suitable
straight tube, and in full lines a bend made there- propelling means may be employed which will
from in accordance with this invention; exert a push on the end of the tube, such r‘neans

Figure 3 is an elevation in section as on line being represented by pusher 4.

40 3 370f Figure 4, which is intended to show what _ I Figures 3 and 4 is shown what I deem 95
the effect is of pushing a tube along the mandrel 0 Pe the effect on a tube if it is merely pushed

along the mandrel. The moving force exerted

in the practice of my invention;
by the pusher 4 acts upon one end of the tube 2
fogure 4315 an elevation in section on line 4—4 in directions parallel to its center line and tends
45 of Figure to move all the material of the wall straight 100

Figures 5 and 6 are elevations, s1m11ar to Figures ahead. When the leading end 2¢ of trs: tube
3 and 4, respectively, but showing the combined encounters the curved portion 3b of the mandrel,
effects of the mandrel, and external formers; the inner wall 2a¢ of the tube, or wall nearer
Figure 7 is a plan view of the same group of ' the axis of curvature is urged inward while the

50 elements as shown in Figures 5 and 6 but em- outer wall 2b which is remote from said axis 105

bodying the preferred forms thereof; still tends to move straight forward. The re-
Figure 8 is an elevation in section as on lines sulting effect is a slight enlargement of the tube
8—8 of Figures 7 and 9; end 2c¢ with the outer wall retaining its initial

Figure 9 is an elevation in section as on line thickness and the inner wall thinning slightly im~:
9—9 of Figure 8; mediately adjacent its leading - edge. Very
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promptly, however, the resistance exerted upon
the inner wall of the tube by the inner curved
face of the mandrel acts with retarding effect
on the for 7ard movement of this inner wall and
causes it 1o become upset or thickened as at 2d.
When this occurs, the strength of the inner
wall of the tube becomes greater and partly over-
comes the tendency of the outer wall to move
straight forward, thereby causing the latter to
bend inward and become curved. - This deflection
of the outer wall coupled with its own tendency
to move straight forward results in an elongation
of this wall and consequent thinning thereof as at
2e, If the tube is thus pushed fully around

the curved portion 3b of the mandrel, the wall '

of the completed bend will be thicker on the side
of the bend having the shorter radii of curvature
and thinner on the side of the bend having the
greater radii of curvature than the wall of the
original tube; and the bend will have an enlarged
eross section somewhat analogous in shape to the
longitudinal section of an egg shell.

The above described action on the tube by the

- mandrel is taken advantage of in my invention
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and the tendency of the material to continue
straight forward and around the curved portion
of the mandrel is augmented by the coaction of
elements adapted to impose force externally on
the tube during its progress along. the mandrel.

One of these elements, hereinafter called form-
ers, is positioned to act upon the part 2a of the
tube which forms the inner wall of the bend, or
wall having the smaller radius of curvature and
the other element acts upon that part 2b of the

tube which forms the outer wall of the bend, or

wall having the greater radius of curvature. As
shown in Figures 5 and 6, the inner former 5 is
represented as being movable toward and from
the former in the directions indicated by the
double-ended arrow z and the outer former 6 is
similarly movable in the directions represented by
the arrow y. Suitable méans (not shown) may be
provided for moving these formers and for de-
termining the end of their respective travel to-
ward the mandrel. As shown their limits of
movement toward the mandrel are such that the
bend will have practically uniform thickness of
wall throughout, but if these limits were to be
changed to permit the inner former to move closer
and the outer former less near to the mandrel
than the inner wall of the bend would be thinner
than the outer wall thereof, and reversely, if
the outer former were to move closer to the anvil
than the inner former.

In Figures 5 and 6 the working face 5a of the
inner former 5 is shaped parallel to the surface
of the section of the mandrel toward which it
moves and the working face 6a of the outer
former is, at its end portions 6b, similarly par-
allel to the surface of the mandrel. Between
these end portions the working face 6a is provid-

, ed with a recess 6¢ which begins very abruptly, as

at 6d, near the entrance end and then gradually
lessens in the direction of tube movement to

. finally merge at some point, such as 6e, into par-

allelism with the surface of the mandrel.

In operation, the tube is moved along the man-
drel with consequent thickening of the inner side
as heretofore described (see 2d in Figure 3).  As
the inner former moves toward the tube the por-

‘tion of the latter which has been thickened as

aforesaid is thinned by the blow of the former.
This forging action causes the material of the
tube to move toward the outer side of the mandrel
and causes the outer wall 2b to move into the

1,956,604

space provided by the recess 6c as seen in Figure
5. As the forward movement of the tube con-
tinues, this outer wall 2b is moved back toward
the mandrel by the outer former 6. It is under-

_stood, of course, that the movements of the lat-

ter are simultaneous with those of the inner
former 5 but opposite in direction. Accordingly
as the tube moves forward, the combined actions
of the tube, mandrel, and formers effect a trans-
fer or distribution of the material which results in
a bend of the desired curvature and controlled
wall thickness.

In Figures 7, 8 and 9 the preferred form and
shape of elements is disclosed. The outer for-
mer 6’ is here shown as stationary and has a
groove 6’a throughout its entire length which
is of uniform cross section and corresponds in
shape to the outer wall of the bend. Here the

mandrel 3’ differs from that previously described .

by having its lateral sides recessed to provide the-
desired clearance for the ready transfer of the
tube material. The mandrel at its innermost
and outermost faces 3’c and-3’d respectively, is
unchanged, but near the end of the straight por-
tion 3’a, and partly along the curved portion
3’b the sides are rather abruptly recessed as at
3’f, and then gradually restored to full size at a
point, 'such as 3’g, farther along on the curved

portion, from whence the mandrel continues as.

a ring.

The inner former 5’, shown in Figures 7, 8 and
9, is illustrated as a roller mounted €ccentrically
on a rotating shaft 8, with a suitable bearing 9.
interposed between them. As the shaft and its
eccentric crank 8a rotate about the axis of the
shaft, the outer edges 5’b of the roller ride on
the curved edges 6’¢g of the stationary former
with the curved or grooved face 5’a of the roller
acting on the tube. This movement of the roller
has the same effect upon the tube as does the re-
ciprocating inner former 5 of Figures 5 and 6.
The roller shaft may be rotated about its axis
in either direction, but I prefer to turn it in the
direction indicated by the arrow 2.

As the roller moves toward the tube, 1ts grooved
face 5’a encounters the thickened portion formed

by the action of the unchanged inner face 3'c-

of the mandrel. Between this latter face 3’c
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and the roller the tube is thinned and the mate- -

rial which accounted for the previous thickening
is forced around the mandrel on both sides.
Since the face 6’a of the groove in the former
corresponds to the outer wall of the bend, the
tube does not leave the outer unchanged face 3'd
of the mandrel, as it does when a former 6 like
that of Figure 5 is used, but continues along
in contact therewith. The transferred material
causes the lateral sides of the tube to be thick-
ened where the recesses 3’e of the mandrel are
greatest, but this thickness is gradually reduced
as the tube continues on past the recess, and the
final distribution results in a wall of desired
thickness.

It is to be noted that the curved portlon 3'b
of the mandrel shown in Figures 7 to 9 is short-
ened and is less than a quarter turn. This has
been found suitable because the distribution of
the material and shaping of the bend begins
very promptly after the tube encounters the

.curved portion and is completed shortly- after
-the recesses are passed.

The modification illustrated in Figures 10 and
11 is characterized by the clearance being pro-
vided by both the mandrel and a former. The in-
nermost face 3’’¢c and the outermost face 3’''d
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are unchanged but the mandrel is recessed on
both sides as at 3'’e similar to the upper half of
the mandrel 3’’ of Figures 7 to 9. Instead of
continuing nearly around the mandrel the recess
3’’e on each side tapers circumferentially and
merges into the circular surface 3’’d. The outer
former 6’ is recessed at 6’'f as was the former 6,
PFigure 5, but not to as great a depth because
when the thickened part of the tube is acted upon
by the roller 5’, the material that is transferred
around the mandrel causes some thickening of
the wall 2¢ which is opposite the recesses 3"’e.
Consequently the outer wall 2b moves a less dis-
tance from the outer side of the mandrel. As the
tube is fed forward and passes beyond the recess,
it is shaped by the elements to the desired bend.

As regards the speed of action of the formers,

it is dependent in part upon the rate of travel :

of the tube. If the latter is moved continuously,
then the strokes of the reciprocating formers or
the rotations of the roller should be very rapid.
If the tube is moved intermittently, the forging
action of the formers may be timed to occur when
the tube is at rest. This vibratory action of the
formers or intermittent application of force ex-
ternally to the tube is important because there
is thus provided a period of relief, as it were,
when the tube can be fed forward free of inti-
mate contact with the formers and because it
enables the mandrel to effect its thickening in-
fluence on the tube.

Although I have shown only a 90° bend in
the drawings it is evident from the foregoing de-
seripton that a bend of lesser or greater arc
may be made in precisely the same manner, and
indeed the principles of the invention may be
applied to the production of a continuous bend, it
being only necessary to so shape the formers
and mandrel as to permit the bent tube to pass
out and by them as the bending continues.

I claim:

1. The method of making a tube bend which
comprises moving a tube having a uniformly
thick wall along a curved mandrel and intermit-
tently applying force externally to the tube to
control its wall thickness.

2. The method of making a tube bend which
comprises moving a tube having a uniformly
thick wall along a curved mandrel and between
coacting external formers adapted to apply. pres-
sure intermittently to the tube for controlling the
wall thickness thereof.

3. The method of making a tube bend which
consists in moving a tube having a uniformly
thick wall along a curved mandrel, applying a
vibratory force externally to the inner wall of
the bend and applying a restraining force exter-
nally to the outer wall of the bend.

4. The method of making a tube bend which
consists in moving a tube having a uniformly
thick wall along a curved mandrel, applying a
vibratory force externally to the outer wall of
the bend and applying a restraining force ex-
ternally to the inner wall of the bend. '

5. The method of making a tube bend which

. comprises moving a tube having a uniformly

thick wall along a curved mandrel and thereby
thickening the wall of the tube on the side toward
the axis of curvature followed by a thinning of
the thickened portion and distribution of the
material to produce the desired wall thickness.

6. The method of making a tube bend which
comprises moving a tube along a curved man-
drel to cause bending of the tube and initial
thickening of the wall thereof at the inner side

3

of the bend, applying force exfernally to the

tube to thin said thickened wall and effect dis-

tribution of the wall material, and guiding said

‘distribution to produce the desired shape of wall.

7. The method of making a tube bend which
comprises moving a tube along a cylindrical man-
drel having its end curved to the radius of curva-
ture of the desired bend, applying force to the
inner side of the bend to effect transfer of the
material toward the outer side, and controlling
the distribution of the material thus transferred
to produce a desired wall thickness.

8. The method of making a tube bend which
comprises moving a tube having a uniformly
thick wall along a curved mandrel and during
the course of said movement intermittently ap-
plying external force to the tube to effect con-
trolled distribut.on of the material thereof.

9. The method of making a tube bend which
comprises moving a tube having a uniformly
thick wall along a curved mandrel and between
external formers, and during the course of said
movement first thickening a portion of the tube
g{all and then thinn‘ng the said thickening por-

ion.

10. In the method of making a tube bend by
moving a tube along a curved mandrel and be-
tween external formers, the steps of first thick-
ening and then thinning that part of the tube
wall which forms the inner portion of the bend.

11. In the method of making a tube bend by
moving a tube along a curved mandrel and be-
tween external formers, the steps of first thick-
ening the wall forming the inner side of the
bend, then thinning said wall and effecting dis-

placement of the wall forming the outer side of -
the bend, followed by a replacement of the last.

sa.d wall in predetermmed relatlon to the man-
drel.
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12, In the method of making a tube bend by !

moving a tube along a curved mandrel and be-
tween external formers, the steps of first thick-
ening the wall forming the inner side of the
bend, then thinning said wall and thickening

the walls forming the lateral sides of the bend, :

followed by a thinning of the last said walls to
effect transfer of the material to the wall form-
ing the outer side of the bend.

13. In the method of ‘making a tube bend by

moving a tube along a curved mandrel and be- .

tween external formers, the steps of first thick-
ening the wall forming the inner side of the bend,
then thinning said wall and causing the mate-
rial thereof to thicken the walls forming the lat-
eral sides of the bend and effect displacement
of the wall forming the outer side of the bend,
followed by a thinning of the last said thickened
walls and a replacement of the outer wall in
predetermined relation to the mandrel.

" 14. The method of making a tube bend which i

comprises moving a tube along a curved mandrel

and between external formers, and during the

course of said movement changing the cross-sec-
tional area of the tube and then again changing

"said area in a Teverse manner.

15. In the method of making a tube bend by
moving a tube along a curved mandrel and be-
tween external formers, the steps which com-
prise transferring material from the wall which
forms the inner side of the bend to the walls
forming the lateral sides thereof whereby the
latter are thickened and then transferring ma-
terial from said thickened sides to the wall form-
ing the outer side of the bend.

16. In the method of making a tube bend by

1
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.~ moving a tube along 4 curved mandrel and be-.
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tween external formers, the steps which com-
prise increasing the internal tross-sectional area
of the tube and then restoring said area to its
original size.

17. The method of making a tube bend which
comprises moving a tube along a curved mandrel
and between external formers, and during the
course of said movement reducing the internal
cross-sectional area of the tube and then increas-
ing the saidreduced area. .

18.-The method of making tube bends.which
comprises moving -a tube having a uniformly
thick wall along' & curved mandrél of changing
cross-sectional area, and applying force external-
1y to the tube to_effect a flow of the wall material
from that portion of the tube which forms the
inner curve of the bend toward that portion of
the tube which forms the outer curve of the bend;
the said transfer being accomplished in the region
of said changing cross-section.

19. Apparatiis for making tube bends with walls
of controlled thickness, comprising a mandrel
having its end curved to the desired radius of
curvature; means for moving a tube along- said
mandrel and off its curved end; and coacting
formers arranged to apply force to the tube dur-
ing its progress along the mandrel whereby the
wall thickness of the bend is controlled.

20. Apparatus for making tube bends with walls
of controlled thickness, comprising a mandrel
having a portion curved to the desired radius of
curvature; means for moving a tube along said
mandrel; a former adapted to be positioned with

-its working face spaced from the surface of said

mandrel a distance equal to the desired wall
thickness of the bend; and another former adapt-
ed to be moved toward and from said mandrel for
applying force to said tube to effect distribution
of material in the tube wall, whereby the wall
thickness of the bend is controlled.

21. Apparatus for making tube bends with
walls of controlled thickness, comprising a curved
mandrel having a recess; means for moving a
tube along said mandrel; and coacting formers
arranged and constructed to apply force external-
ly to said .tube during its progress along said
mandrel. ’

22. Apparatus for making tube bends with walls

of controlled thickness, comprising a curved man- ’

. drel having a recess; means for moving a tube

" 60,

65
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along- said mandrel; and coacting formers ar-
ranged and constructed to apply force external- :
1y to said tube during its progress along said man-
drel; the said recess lessening in the direction of
movement of the tube whereby the thickened wall
is subsequently thinned. - :

23. Apparatus for making tube bends with walls
of controlled thickness, comprising a curiLled man-
drel; means for moving a tube along said man-
drel; a former having a working face with end -
portions adapted to be positioned parallel to the
face of the mandrel and with a recess in' said
face between said po.tions; and another former
adapted to apply force to a tube as it progresses
along said mandrel and cause the wall thereof to
be forced into said recess; the said recess lessening
in the direction of movement of the tube whereby
the said wall is forced back toward said mandrel.

24. Apparatus for making tube bends with walls
of controlled thickness, comprising a mandrel
having a curved portion corresponding to the
curvature of the desired bend and having a recess
in its face near the beginning of t\he curved por-

1,956,604

tion; means for moving 4 fube alotig said mdn-
drel; a former adapted to impart force external-
ly to a tube as it progresses along said mandrel
and effect at the region of said recess displace-
ment of material from the side of the tube nearer
the axis of curvature and emplacement of ma-
terial on the side of the tube remote from said
axis; and means adjacent said remote side for
controlling the thickness thereof.

25. Apparatus for making tube bends with walls
of controlled thickness, comprising a curved man-
drel having a recess in its fa¢e; means for moving
a tube along said mandrel; a former on the side
of said mandrel remote from the axis of curvature
having a working face and a recess therein; and
means for applying force externally to said tube
as it progresses along said mandrel to effect at
the region of said recesses displacement of ma-
terial from the side of the tube nearer the axis of
curvature and emplacement of material on the
side of the tube remote from said axis. N

26. Apparatus for making tube bends with
walls of controlled trickness, comprising a man-
drel having & curved portion corresponding to
the curvature of the desired bend; means for
moving a tube along said mandrel: a former
adapted to be positioned with respect to the side

-of the mandrel’ adjacent the axis of curvature

to provide a space therebetween corresponding
to the inner part of the bend; and another former
adapted to be positioned with respect to the
side of the mandrel remote from the axis of
curvature to provide a space therebetween corre-
sponding to the outer part of the bend; the said
formers being relatively movable to apply force
externally to a tube as it progresses along the
mandrel and thereby effect controlled distribu~
tion of material throughout the space defined by
said mandrel and said foriners.

27. Apparatus for making tube bends with
walls of controlled thickness, comprising a curved
mandrel; a stationary external former adjacent
the side of the mandrel having the greater radius

.of curvature; and a movable external former

adjaeent the side of the mandrel having the lesser

‘radius of curvature; both formers having work-

Gng faces corresponding to the external surface
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of the bend and there being a recess in the said

face of the stationary former.

28. Apparatus for making tube bends with
walls of controlled thickness, comprising a man-
drel having a curved portion; a stationary ex-
ternal former adjacent the outer side of said por-

" tion; and a movable external former adjacent

the inner side of said portion; the mandrel hav-
ing a recess in its surface near the beginning of
said curved portion.

..29. Apparatus for making tube bends with*

walls of controlled thickness, comprising & man-
drel having a curved portion; a stationary ex-
ternal former adjacent the outer side of said
portion; and a movable external former adjacent
the inner side of said portion; the mandrel hav-
ing a recess in each of its lateral faces near the
beginning of said curved portion.

30. Apparatus for making tube bends with
walls of controlled thickness, comprising a man-
drel having a curved, portion; a stationary ex-
ternal former adjacent the outer side of said
portion; and a movable external former adjacent
the inner side of said portion; the last said
former being a roller mounted to rotate eccen-
trically about an axis.

- 31.. Apparatus for making tube bends with
walls of controlled thickness, comprising a curved
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mandrel having recesses on its surface arranged
to permit movement of the material from the
side of the bend nearer the axis of curvature
toward the side of the bend remote from said
axis as the tube progresses along the mandrel;
means for effecting said progress of the tube;
means for pressing the wall of the tube which
forms the said nearer side against the mandrel
and thereby effect said movement of the mate-
rial; and means controlling the extent of said
movement.

32. Apparatus for making tube bends with

(]

5

walls of controlled thickness, comprising coacting
elements forming a curved annular passageway
having a recess in its wall, and means for mov-
ing a tube through said passageway.

33. Apparatus for making tube bends with
walls of controlled thickness, comprising coacting
elements forming a curved annular passageway
having a recess in its wall, and means for moving
a tube through said passageway and past said
recess to effect distribution of the wall material
thereof. .

JAMES HOWARD WILLIAMS.
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