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1

The present invention relates to the manufac-
“ture of tubular L’s, the term “L” being used
generically to comprise not only ninety degree
turns, but also turns of other angles greater or
less than ninety degrees. The invention is par-
ticularly adaptable to the forming of tubular L’s
of relatively short radius, for example, L’s hav-
ing a center line radius not more than about twice
the nominal diameter of the pipe or tube.

Various methods have been heretofore utilized
to bend suitable lengths of tubing into L.’s, among
which is a method and apparatus for forming
tubular L’s disclosed in a copending application
for Letters Patent, Serial No. 593,931, filed May
15, 1945, by Clyde J. Martin, now Patent No.
2,528,315, granted October 31, 1950. In that ap-
plication an internal flexible mandrel is posi-
tioned in a blank to support, mold and shape the
internal surface of the blank while the external
surface of the blank is being subjected to the
action of opposed dies in the forming of the blank
into a tubular L. In making L’s by this method
it has been found that malformation of the L’s
and die breakage has, in some instances, oc-
curred. These troubles appear to have been
caused by improper initial positioning of the
blanks, mandrel, or both, in the dies, and, in the
failure of the blanks, mandrel or both to be main-
tained in proper position during the formlng op-
eration.

An object of the invention is to provide center-
ing means for accurately positioning the blank
in an apparatus for forming tubular L’s from a
straight blank.

“Another objéect of the invention is to provide
means for maintaining the blank in proper posi-
tion during the forming of the blank into a
tabular L.

A further object of the invention is to provide
means for maintaining a flexible mandrel in cor-
rect position within a blank during the forming
of the blank into a tubular L. ]

"A still further object of the invention is to pro-
vide an improved method of, and apparatus for,
forming and finishing a tubular L between op-
posed die sections.

The present invention aims to overcome the
foregoing difficulties and accomplish the forego-
ing objects by providing an apparatus for initially
centering the blank and mandrel in proper posi-
tion between the opposed dies and for maintain-
ing the blank and mandrel in proper position
during the forming operation. 'The invention
further provides a method and apparatus for
simultaneously forming a hlank and for sizing
or finishing another blank.
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In accordance with the invention the initial
centering of the blank is accomplished by pro-
viding lateral grocves adjacent the ends of the
cavity of the concave die. The grooves are spaced
by a distance equal to the length of the straight
blank. The blank, to be formed into an L, is
bositioned in the die, the grooves assuring that
the blank is properly centered and is maintained
in centered position. As the blank is bemg
formed into the desired shape, the stra1ght ‘line
distance between the ends of the blank gradually
becomes shorter and the blank is then foreed into
another set of grooves between the initial cen-
tering grooves. The blank is thus maintained in
a properly centered position during the entlre
forming operation.

The centering of the mandrel is accomphshed
by providing curved guide members adjacent the
ends of the cavity of the convex die and movable
therewith. " The mandrel is prov1ded with pro-
Jjecting ends which are guided in the desired path
As the opposed dies approach together the man-
drel is initially correctly posmoned and as the
bending operation proceeds the curvature of ‘the
guideway is such as to maintain the mandrel in
proper position during the entlre forming oper-
ation.

The particular advantage of the méthod  in
accordance with the invention is that malforma-
tion of the L and breakage of the die are prac-
tically eliminaled. TIn addition the forming op-
eration may ‘be performed moré rapidly than by
vrevious methods even though the operatlon is
performed by operators of low skill. " :

In accordance with the invention:the simul-
taneous forming of one blank and-the finishing of
a second blank are accomplished by providing op-
posed dies having composite die cavities. One:set
of die cavities' forms the straight blank into-a
curved: blank of the desired curvature. The'other
set of die cavities finishes the curved blank to-
the desired size and smoothes out any irregulari-
ties in the blank which may have been caused
during the forming operation..

The particular advantage of this apparatus 1s
that it permits greater speed in the manufacture
of the L’s. Labor, time, and equipment are

" saved as a forming operation and a finishing op-
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eration are performed simultaneously by a single
set of dies and in a single press.. Moreover, no
storage facilities or transportation. facilities for
the partially formed L’s are required.as .the
formed L is merely transferred from the form-
ing die cavity to the adjacent finishing die cavity

for the finishing operation. By this method -the
-«chance of unfinished L’s being supplied is mini—
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mized as the finishing operation is performed
immediately after the forming operation.

Apparatus for carrying out the method of the
invention is illustrated in the accompanying
drawings. It will be understocd that this em-
bodiment of the invention is shown merely by
way of example, and that the invention is in no
way limited to the use of the specific apparatus
illustrated.

In the drawings,

Fig. 1 is an elevational view . of.cooperating
forming dies showing blank and mandrel position-
ing means, in accordance with the invention, a
formed tubular L being shown in. position in
the closed die and a mandrel being shown in po-
sition in the blank. o o

Fig. 2 is an end view partly in section and partly
in elevation, showing the composite dies for form-
ing and finishing the L’s,

- .. Fig. 3 is a plan view of the lower section of the
_eomposite die showing thetwo die cavities.

Fig. 4 is a plan view of the upper section of the
~gomposite die. . )

Pig. 5 -is a longitudinal sectional -view oi a

_straight blank with -a mandrel therein positioned
in the forming die cavity of the lower section. -

Figs. 6 through 9 illustrate various positions
‘assumed by the blank and mandrel during the
forming operation, ' :

- Fig. 10 is a detailed longitudinal section of a
portion .of the forming die cavity showing ths
positioning grooves for the blank.

. Referring to the drawings, there is shown in
‘Fig. 1 a-composite die | comprised of upper die
section 2 and lower die section 3. A flexible
mandrel 4 is shown in position in a formed L 8
~which has been shaped into the desired curvature
4rom,. a -straight cylindrical blank by the action

_of the opposed die sections and themandrel,

The upper die section 2 is provided on its face

_-with a-forming die cavity 8z and a finishing die

-.eavity: 8a. ‘The forming die cavity corersponds

- .generally in-shape to the inner half of the tubular
L. 8;:1. €., the half on the inner side of the bend

.-or curvature of the L. The forming die cavity
8a is arcuate when viewed in a vertical section

~throngh the longitudinal center line of the L
‘§,.as shown in Figs. 1 and 2. The cavily is

- stralght as viewed in-a-section-at right angles

-to the-vertical section through the longitudinal

- eenter line of the L 5. The finishing die cavity
.corresponds generally in shape to a half of the
finished L, i. .e,; the half on one side of the

10

cavity corresponds generally in confour to the
outer half of the exterior surface of the L,
i. e., the half on the outer side of the bend or
curvature of the L. The die cavity 8b, like cavity
8a, is arcuate when viewed in a vertical section
through the longitudinal center line of the L
5, and-is straight as viewed in a section at right
angles to this vertical section and through the
longitudinal center line of the L. The lower die
‘section also has a finishing die cavity 9b which is

__located adjacent the forming die cavity and posi-
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‘plane “through the radius of curvature of the

1., and is located .adjacent, and positioned ap-
. proximately at right angles to the longitudinal
-axis of the forming die cavity. The finishing
- dle cavity 9¢ is.acruate as viewed in the horizontal
~gséction taken through the longitudinal center
Jine of the L 5§ and straight if viewed in a vertical
- ‘section -through the longitudinal center line at
‘-right angles to the horizontal section. For con-
venience of manufacture, the die section 2 is
made up of a plurality of parts and elements re-
movably secured to a base portion (9 by machine
‘‘serews or bolts 11, as may be seen in Fig. 4, for
“instance, the forming die cavity 8a and the finish-
‘ing die -cavity 8a¢ are formed of separate die
“blocks.  The die may be provided with a variety
" of -die elements which are interchangeable with
‘one another.
" TThe Jower die section-3 is provided with a form-
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"ing die cavity 8b and a finishing die cavity 9b, .

“which-are formed from separate die blocks and
-attached: to & ‘base portion. The forming die

75

‘tioned approximately at right angles to the longi-

tudinal axis of the forming die cavity. The
finishing die -eavity 9b, like the cavity 3¢ is

arcuate.as-viewed in a horizontal section through

the longitudinal center line of the L §, and
stralght if viewed in a vertical section through
the “longitudinal center line. 'The lower die
section 38 like the upper die section 2 is shown as
being made up of a plurality of parts or.elements
which .are removably and interchangeably se-

_cured to a base portion 12, for example, by suitable

bolts or machine screws 3.,

It. will be seen that when the composite die |
is closed, the die cavities 8z and 8b cooperate to
form the die cavity 8 corresponding approxi-
mately to the desired shape of the formed L.
The die -cavities 8¢ and 9b cooperate to form the
die cavity 9, which is shaped to more accurately
form the. L to the desired shape.

It may be necessary in some instances, -par-
ticularly when forming L’s from resilient ma-
terial, to perform mere work on the L in the fin-
ishing operation. This may be accomplished by

5. forming the finishing die cavity 9 with a gener-

-ally elliptical shape. The cross sections of cavi-
ties 9¢ and 9b will then be semi-elliptical in
shape, the minor axis of the ellipse being in a
vertical plane so that the walls of the partly

-formed, L all may be worked beyond the yield

point.of the material in the finishing operation.
. Suitable means is. provided for moving the
uypper and lower die sections 2 and 3 toward and
away from one another to open and close the die,
for example, the die sections may be mounted on
opposed members of a suitable hydraulic or
other press.

The flexible mandrel 4, which cooperates with
the die sections 2 and 3 in forming the blank to
the desired shape, comprises & plurality of sec-
tions which are pivoted relative to one another to
form an articulate and flexible structure. The
mandrel conforms to the inner surface of the
blank and bends with the blank as it is being
formed by the die-sections affording substantially
continuous internal support to -the blank
throughout its extent, or at least throughout the
portion acted on by the die and cooperating with
the die to form the blank to the desired shape.
The mandrel comprises a plurality of spaced
end sections 16 and I7 and an intermediate cen~
tral section 18. The end sections 16 and 1T are

‘substantially straight, the surfaces of said sec-

tions being approximately cylindrical. The di-
ameter of the end sections 16 and {7 is approxi-
mately equal to the inside diameter of the tubu-
lar blank so that the mandrel will fit into the
blank snugly but with sufficient clearance to pre-
vent binding. The intermediate section (8 is ar-
cuate or curved longitudinally, the surface corre-
sponding to the shape of the form L. The ends of
the arcuate central section 18 are cut off at the

“angle 19 thus forming approximately V-shaped
-ends which are received in V-shaped recesses 20

provided in the adjacent ends of the sections 16
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‘and 11. The inter-fitting portions of the respec~
tive sections-of the-mandrel serve as pivotal con~-
‘nections  between the sections which are thus
maintained in proper operative position relative
to one another durihg the forming operation. To
facilitate removal of the mandrel from the L
‘after the latter has been formed the central sec-
‘tion I8 may be split lengthwise, for example,
along the plane of the longitudinal curvature of
the section or at a slight angle thereto as indicat-
‘ed at 21. 'The end sections of the mandrel are
preferably formed with lugs or ears 22 and 23 for
a purpose to be described later.

In accordance with the invention, centenng or
‘positioning grooves 26 are provided in'the form-
‘ing die cavity 8b to assure the initial correct
“placement of the blank in the die cavity. The
‘grooves 26, as may be seen in detail in Fig. 10
‘extend transversely of the die cavity and are ap-
‘proximately L-shaped incross section, the out-
~ward sides of the grooves being in a vertical plane
‘while the bottoms of the -grooves.are in a hori-
zontal ‘plane.” The grooves may taper from a
‘maximum depth at the center of the cross sec-
“tion of the die cavity to'a minimum depth at the
surface of the die member. The grooves are
spaced apart at distances corresponding to the
lehgth of the  straight tubular blank. ~ The
straight outer sides of the grooves prevent move-
ment of the blank out of the die cavity during
the forming operation, while the flat bottoms of
the grooves. allow the ends of the blank to slide
‘inwardly into the die cavity during the-course of
“the forming operation. A further set of trans-
-verse grooves 27 is positioned inwardly from the
‘initial pos1t10n1ng grooves 26 and serve to posi-
tion the blank during the latter part of the form-
ing operation. These grooves are likewise gener-
‘ally L-shaped in cross section, and, like the ini-
tial centering grooves 26, may taper from a max-
“Amum’ depth at the center of the cross section of
the die cavity to a minimum depth at the surface
of the die member, so as to be crescent shaped
1n elevation (Figure 3).

The centering of the mandrel is accomphshed
"in accordance with the invention by providing
curved guide members 28 which may be affixed to
an extension 29 of upper die section 2, for exam-
ple by means of bolts or screws. 38. The: guide
-members 28 have surfaces 31 which flare out-
“wardly at the bottom thereof, and are adapted to
guide ends 22 and 23 of mandrel 4 into a correct-
1y centered position before the upper die section
2 has contacted the blank. Other guide surfaces
82 are provided to guide the mandrel during the
‘forming operation. The shape of the guide sur~
faces is such as to correspond with the path tak-
‘en'by the ends 22 and 23 of mandrel 4 during the
forming .operation. It is not essential that the
“guide surfaces 32 be in actual contact with the
“ends of the mandrel excepting in case one or both

of the ends of the mandrel should be out of posi-
tion. "In other words, if the mandrel is positioned
pérfectly centrally of the blank, with the mandrel
“ends in proper relation to the center, there may
:be g slight clearance between each of the outer
‘portlons of the end sections 22 and 23 and the
“guide surfaces 32, the clearance being an amount
“representing the maximum allowable ‘shifts of
either of the ends sections of the mandrel durmg
‘the forming operation.

In forming a tubular L with the apparatus
shown in Figs. 1 to 4, a straight blank of tubular
stock 6 is positioned in the open forming die 8
-withits ends'in the centering grooves 26. 'The
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‘mandrel 4 has been placed in the blank .6 with

the straight side of the central section of the
mandrel up, while the arcuate side is down. ' The
opposed die sections are tlien brought ‘together
by suitable means such as a press, the direction
of the force applied to the blank by the dies be-
ing in the plane of curvature of the desired L.
The formed L is shown in the die sections in
Pig. 1.

The operation of the dies, mandrel, blank cen-
tering means and mandrel guiding meansg is illus-
trated more fully in Figs. 5 through 9 which show
representative positions of these parts during the
forming of the L. In Fig. 5 the straight blank 6
is shown in position in the grooves 26. with man-
drel 4 in place in the blank.” There is a. slight
clearance between guiding surfaces 31 of guiding
members 28 and the ends 22 and 23 of mandrel
4. The grooves and guiding surfaces have coop-
erated to properly center the mandrel and blank
within the die cavity. The grooves have centered
the blank with respect to the dies. The guiding
surfaces have centered the mandrel both -with
respect to the blank and with respect to the dies.
Although Figs. 6 through 9 show only one end of
the blank and dies, it is understood that the ac-
tion of the blank and dies at the other end.is
similar. In Fig, 6 the dies have started to bend.
blank 6, the ends of the blank starting to leave
centering grooves 26. The vertical side wall of
the L-shaped groove 26 has prevented the end of
blank 6 from slipping endwise out of centered
position in die cavity 8a, while the surface 32 of
guiding member 28 has prevented the end 22 of
mandrel 4 from shifting from its centered posi-
tion in blank 6. In Fig. 8 the end of the blank
has moved into grooves 27. In Fig. 9 the form-
ing operation is practically completed, the end
of blank 6 remaining in groove 27. It will be
noted that during the bending operation the end
sections {6 and T of mandrel 5§ have pivoted
about the center section {8 aiding the opposed
die sections 2 and 3 in molding and .shaping the
internal surface of the blank while supporting
the walls of the blank against collapse, wrinkling
or bulging.

The formed L., affer being partially shaped. by;
the forming portion of die sections 2 and 3, is ro-
tated about ninety degrees and placed in the ad-
jacent finishing portion of the die sections and
another straight blank is placed in the forming
portion of the die sections. The die sections-are
again brought toward one another finishing the

formed L § into a more accurately formed L, and

simultaneously forming another straight blank
into a formed L, the direction of the force applied
by the dies to the formed L being perpendicular

-to the plane of the bend, while the force applied

to the straight blank is in the plane of the desired
bend. ., .

While certain forms of apparatus for carry-
ing out my invention have been shown in the
drawings and particularly described; it will be
understood that the invention is in no way lim-
ited to this specific. apparatus or to the particu-
lar steps -described, but is subject to various
For example, a
greater number of grooves may be employed, each
set of grooves acting during a’ portion of the
forming operation. The invention is equally ap-
plicable to the forming of tubular L’s of circu-
lar.or other:cross section. - Although for.conver-
ience. in’ nomenclature, certain dies have:been
referred to as upper, and other as lower dies, the
position of the dies can be reversed; or the dies
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earx Be:turnmed: at-any:desired angle:. "‘Still ather
emibodiments: and: variations of. the. invention

within: the: scope: of’ the: appended- claims will: be.

-ohvibus:to persons skilled in the.axt.

‘What: L claim~and desire: to- secure: hy- Letters
‘Patent:is::

1._In:apparatus; for-forming a tubular L .from
-z blank: of tubular stock; the combination of a
flexible mandre] insertable in the blank, the man-
drel having ends: projecting: beyond: the. ends of
the: blank; opposed. die: members having: cooper-
-ating:concave and convex-die cavities.correspond-
dng:in: contour-te:the formed: L, means retaining
the:blank-in position: formed in the.cavity of:the
concave: die. member,  and’. mandrel positioning
;means. movable with the. convex..die: member
:adapted. ta.operatively: engage: the:ends of:the
‘mandrel..

-2:-In: apparatus. for: forming, a. tubular: L from

-a;: blank: of; tubular: stock,. the . combination. of &
“flexible.: mandrel -having. ends projecting beyond
‘the:ends.of the.blank; opposed die members:hav-
ing: cooperating .concave .and: convex: die: cavities
_corresponding:in .contour: to. the: formed: L,. the
‘concave . die. member having- a. pair- of . spaced
transverse: positioning grooves formed in. the: die
-cavity each:adjacent an end thereof adapted:-to
‘receive and longitudinally hold the blank in posi=
“tion. in the: concave:die: member; and mandrel
"positioning: means movable with:the: convex:die
‘member-adapted to: operatively -engage the ends
‘ofithemandrel:
. 8¢ In. apparatus: for;forminga; tubular: L. from
& Blank-of: tubular stock;. the: combination. of: a
flexbile: mandrel: having:ends. projecting: beyond
‘the: ends;of-the: blank; opposed die members hav-
ing-cooperating concave and:convex die ‘cavities
-corresponding: in. contour to: the formed. L., the
‘concave. die member having: a pair of spaced
transverse. positioning grooves formed' in the: die
‘cavity each.adjacent an end thereof -adapted to
‘receive:-and longitudinally hold the blank in posi-
tion i the concave:die member, a second pair of
‘transverse grooves- formed in the. concave’ die
cavity between the first pair-of grooves, the sec-
ond pair of grooves being positioned to receive
“the-ends.of the:blank after the forming operation
‘has.caused the ends:of the:blank:to travel.in-
wardly towards the: center- of: the cavity ofthe
‘concave: die member; and mandrel positioning
‘means . movable: with the. convex: die member
‘gdapted:to operatwely engage: the ends: of the
‘mandrel.

4..In apparatus: for: forming a tubular L from
g:blank: of tubular- stock; the: combination. ofa
flexible: mandrel insertable inside the blank, the
-mandrel having ends projecting beyond the ends
‘of the blank, opposed die members having co-
-operating concave and convex die cavities cor-
responding in contour to the formed L, means
retaining: the blank: in position. formed. in the
-cavity of the concave die ‘member, and mandrel
-positioning means-comprised of: guiding members
arranged t0 move with the convex:die member,
the guiding surfaces:of the members being con~
-tinuous -smooth surfaces. shaped to. conform.io
‘the:desired path of the ends of the mandrel dur-
-ing-the forming operation and to prevent.devia-
‘tion:of the: ends of: the mandrel from:said desired
path.

5..In: apparatus for: forming-a tubular: L.from
g blank- of fubular stock; the combination-of a
flexible mandrel insertable. in. the: blank; ' the
‘mandrel-having-ends projecting beyond the.ends
raf: the; blank; opposed die members having:co-
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8

-gperating . concave: and. convex. die: cavities cor-

responding: in. contour- to.the: formed. L, means

‘retaining the blank: in pesition. formed. in.:the

cavity of. the: concave: die. member,: and mandrel
positioning, means: comprised- of guiding . mem-
bers:arranged to. move-with the-convex die:mem-
ber, the; guiding: surfaces:of the members being
positioned: and: shaped to guide- the ends of. the
mandrel into- the: desired. path before-the..con-
vex surface.of the die-member contacts.the:-blank -
and: to maintain the.ends:of'the mandrel in the
desired. path during the forming: operation..

6. In apparatus: for: forming:a tubular L.from
a: blank of- tubular stock; the: combination.of a
flexible; mandrel insertable in the blank; the
mandrel having ends: projecting beyond the ends

.ofthe: blank,..opposed. die: members. having: co-

operating concave- and. convex. die: cavities. cor-
responding: in contour to: the-formed L, the-con-
cave die member having a. first. pair: of spaced
transverse positioning grooves formed in the.con-
cave die-cavity each adjacent.an end of the cavity
thereof so constructed and arranged .as-to receive
and longitudinally hold the blank.in position .in
the concave die. member, a second: pair of trans-
verse grooves formed- in. the concave die cavity

‘positioned between the: first. pair of-grooves, the

second pair of grooves being positioned to. re-
ceive the ends- of the- blank after the forming
operation has caused the ends of the blank to
travel. inwardly towards the: center of the cav-
ity of the- concave die member, and mandrel
positioning’ means comprised of guiding mem-
bers - arranged. to move with the convex :die
member, the:guiding: surfaces of the members.be-
ing- positioned’ and.shaped to guide. the-ends of
the mandrel into the desired position before:the
convex surface: of the.die member contacts the
blank- and.to maintain the-ends of the: mandrel
in the desired path during the forming operation.

7.. In:apparatus for forming a tubular L from
a blank- of tubular stock, the combination of:a
flexible mandrel insertable in the blank; opposed
die members having cooperating concave and
convex die cavities. corresponding in contour to
the: formed L, means for centering the-blank
relative to.the die cavities comprising a pair. of
transverse positioning grooves. in.the wall of the
concave die cavity spaced.apart. a distance.equal
to the length.of said blank, and.means for cen-

tering- said. mandrel relative to said die:-cavity

and: blank:
8. In apparatus:for-forming g tubular:L from: &

‘blank of tubular stock, the:combination of a flex~

ible mandrel insertable in.the blank; opposed die
members having cooperating concave and convex
die: cavities: corresponding: in contour to the
formed L., the concave die member having a first
pair of spaced. transverse positioning grooves
formed-in the concave. die cavity each adjacent
an end. of: the cavity: thereof so constructed and
arranged as to receive:and longitudinally hold the
blank: in-position in the concave die. member, a
second pair of transverse grooves formed in the
concave . die cavity: positioned: between: the first
pair of ‘grooves;. the second pair of grooves being
positioned to receive the: ends of the blank:after
the forming:operation.has caused the ends of the
blank to trayvel inwardly towards the.center:of
the cavity of the.concave die-member, and means
for centering said mandrel:relative. to: said. die
cavities: and:blank:

9. In apparatusifor:forming:a tubular-L from a8

‘blank: of straight: tubular ‘stack, the: combinas~
tion of; g flexible: mandrel . inserfable: in: prede-
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termined position in the blank and opposed. die
members having cooperating concave and convex
die cavities corresponding in contour to the
formed L, the concave die member having g first
pair of opposed spaced transverse positioning
grooves formed in the concave die member ad-
jacent the opposite ends of the die cavity and so
constructed and arranged as to receive the blank
and hold it in position in relation to the cavity
and a second pair of transverse grooves formed
in the concave die cavity at points spaced inward-
ly from the first grooves, the second pair of
grooves being positioned to receive the ends of the
blank after the forming operation has caused the

ends of the blank to travel inwardly towards the -

center of the cavity of the concave die member
and to reposition the blank relative to the die
members in the event it has become off center
during said travel. .
10. In apparatus for forming a tubular L from
a blank of tubular stock, the combination of op~
posed die members having cooperating concave
and convex die cavities corresponding in contour
to the formed L and movable toward one another
in g direction approximately radial to the curva-
ture of the formed L, abutments engaging the
ends of a blank to retain the blank in predeter-
mined lengthwise position relative to said die
cavities, an articulated mandrel insertable in the
blank and comprising a plurality of sections in-
cluding a rigid section having on one side a curved
surface conforming to the shape of the formed L
and on the opposite side a substantially cylindri-
cal surface, said mandrel cooperating with the
concave die cavity to press the blank into prede-
termined shape and means for guiding the oppo-
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site .ends of the mandrel in converging curved
paths to maintain said mandrel centered relative
to said die cavities and blank during the forming
operation.
CARL FREDERICK SEIBERT.
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