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*12 Claims.

This invention relates to a method and appa-

ratus for bending stiuctural members such ds’
I-beams, channels, and so forth. In bending
such members, difficulty arises when a com-
ponent element of the cross section of the mem-
ber, such as the vertical web of an I-beam, lying
in the plane .of ‘the bend possesses.insufficient
lateral . strength to. keep from  buckling or
wrinkling under the stress-of bending. ,Various,
means. have heretofore. been :tried to overcome
this, but-have not been completely satlsfactory,‘
vbemg either too.slow and -difficult inoperation
or: too complicated and expensive to manufac-
ture, or have allowed some unwanted -distortion
of cross sectional elements, especially: where
bends: of short radius are involved. :
© It is-an- object -of -this 1nvent10n therefore;
to provide a method-whereby structural mem-
_bers of the class described may be bent quickly
and efficiently without distortion of their cross
sectional shape.. It'is 'a further object to pro-
vide an apparatus which will be simple‘and in-
expensive to  manufaéture and which may be
effectively employed in carrying out the method:
of this invention.

It isa further object of this invention to pro-

vide such gn apparatus wherein dies may be.

readlly 1ncorporated in’ the various ' types of
power presses now in use..

Where the band which is ‘to be made does- not

start 1mmed1a,tely at’ the end of -the member,
that is, where a straight portion remains at both
s1des of the bend, a further difficulty arises in
forming the dies and in the method of their use.

A further obJect of this 1nvent10n therefore,
is the prov1s1on of a method and apparatus em-
ploymg dies for making this type of bend in-a
structural member quickly and easily without un-
duly complicating the apparatus. Additional
features and objects of this invention will be
apparent from the specification and accompany -
ing drawings therein referred f~ and from the
appended claims.

In the drawings, F1g 1 is a front elevational
view of the bending dies of my invention as ap-
plied to a conventional press brake, illustrating
an I-beam at the completion of the bending
operation; Fig. 2 is a horizontal section taken on
a plane indicated by the line 2—2 in Fig..1;
Fig. 3 is:a perspective view of a clamping plate
employed in the apparatus; Fig. 4 is a perspec-.
tive view of the lower die; Fig. 5 is a longitudinal
vertical section as-indicated by the line 5—5 in
Fig. 7 on a much larger scale, the dies being
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shown in: open posmon Flg 6 is a view 51m1lar
to Fig. 5 but.showing the dies:closed and & dif-
ferent upper die; Fig. 7 is a vertical transverse
section taken on the line T—7 of Fig. 5, showing
the dies in open position; Fig. 8 is.a view similar
to Fig. 7, showing the dies in closed position. -

The embodiment of my invention which I have
illustrated comprises a lower die, an upper die,
and a pair of clamping plates between which
the work-piece is adapted to be held.- While any
suitable source of power may be utilized to oper-
ate the dies, I have found that a press brake of
the type illustrated in Fig. 1 is well adapted
to the work, the lower die being secured to’ the
bed of the press-and the upper die to the mov-
able ram. The -dies are carried at their sides
by the bed and the ram, leaving the ends of
the die-pass open so that the work-piece, while
being:bent, may travel downwardly beyond the
end of the press.

It will be noted from Fig. 1 that the particular
work-piece which the present embodiment is de-
signed to accommodate is an I-beam which is to:
be ‘bent through & circular arc of 90° near one
end thereof, a.short straight portion being left
at that end. The lower die 10, best seen in Figs:
4 and 5 and about which the I-beam. or work-
pilece ' W is to be bent, comprises a solid block
having base flanges Il bolted to the bed B'of
the press as at 12. The central portion of the
block is of the same width as the I-beam flange,
the upper surface being horizontal for approxi-
mately half -its length and being formed as ‘a
circular arc for the remainder of its length with
a radius equal to that of the proposed bend in’
the I-beam.

The upper die is carried by the movable ram'R
of the press and is, therefore, reciprocated by it.
As will be seen in Figs. 5 and 7, the upper die’
comprises two. portions, an elongated block 20
and a replaceable, supplementary block 38 car-
ried thereby.: The block 20 is secured to the
ram R by means of two side plates 21, bolted to
the ram as at 22 and to the block 20 at 23. The

" supplemental block 39 is rigidly supported on
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the block 29 by means -of a dovetail guideway 31
and is held in place by a removable pin 32. A
handle 33 is provided for convement removal
and replacement of the block 30. ° .

The lower surfaces of the blocks 20 and. 30,
are formed complementary to the upper surface
of the lower die 18 for the major portion of their
length; that is, there is a horizontal reach 24
merging into a circular arc 25. It will be noted,
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however, that since the I-beam is to have a short
straight portion at the end, extending from the
tangent point ¢ in Fig. 5 to the end of the beam,
the circular arc terminates at a point ¢’ on the
die, and the surface continues as a tangent at 6.

The I-beam is advanced step-by step into the
‘die by means later to be described and the die
acts on a portion of it at a time; the operation
being repeated until the complete bend has been
formed. )

It has been found that the short extent of the

curved portion 25, necessitated by the provision :

of the flat portion 26, may not be sufficient to
completely form the I-beam to its finished shape,

the I-beam tending to leave the lower die as in-
dicated by the gap ¢ in Fig. 5 and thus introduc-
ing an error in the finished shape. ' Therefore
provision has been made to replace the block 30
with another block 49, illustrated in Fig. 6 and
so shaped as to be complementary to the lower
die throughout the entire length' of the latter.
The circular arc 41; which is a continuation: of
the arc 25 .on the block 20, terminates at the
tangent point #’ and the surface continues as a
straight portion 42 to accommodate the straight
end of the I-beam. The block 49 .is provided
with handles 43 for ease of manipulation and is
supported in the -dovetail guideway 21 of the
block 28 and secured in place by the removable
pin 32, .

A feature of the present invention is the means
which I employ to prevent buckling or wrinkling
of the web of the I-beam during the bending
process. . To prevent such deformation -of the
web, I cause it to be confined and clamped in a
vise consisting of two clamping shoes which,
while allowing the web to slide downwardly be-
tween them during the bending process,. effec-
tively prevents any lateral movement ‘thereof.

As best seen in Figs. 3 and 7, the shoes 50 above
mentioned are integrally formed on flat plates 51,
the lower edges 52 of which are adapted to hlnve
or pivot in grooves 53 in the base flanges of ‘the
lower die 10. The plates stand at either side of
the die portion 19, as illustrated in Figs. 7 and 8,
and are prevented from falling outwardly by the
heads of bolts §4 threaded into the die and pro-
jecting loosely through holes 55 in the plates.
While thus loosely held, the clamping shoes offer
no. hindrance to longitudinal movement of the
I-beam therebetween. As the upper die descends,
however, the lower cam portion 69 of the side
plates 21, aforementioned as securing. the upper
die to the ram, engage the clamping plates 5i,
causing the shoes to bind upon the web of the
I-beam. In the form illustrated, the inner sur-
faces of the cam portions 80 are parallel, the
lower edges 61 being rounded to engage the upper
rounded corners 56 of the clamping plates 5.

It will be noted from the drawings that the
lower edges of the clamping shoes 58 are hori-
zontal throughout their length, while the upper
surfaces are curved to correspond to the I-beam
after it has been bent. The surfaces are so formed
as to nest securely against the web while allow-
ing a slight clearance with the inner surfaces of
the I-beam flanges, so as to provide as much sup-
port for the web as possible.

At the beginning of the operation, the I-beam
is placed in the press upon a supporting block 76
which is at the same level as the upper surface
of the lower die or anvil 19, and the beam is then
intreduced into the leit hand end of the die and
between the two shoes 58. The supporting block
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70 is mounted upon the bed of the press by means
not shown and may be provided with guide plates
11 to position the I-beam. The stroke of the ram
is adjusted (as by the usual adjusting mecha-
nism indicated at 7 in Fig. 1) so that in its
lowermost position the lower face of the elongated
block 72 secured to the ram, and the lower face
of the straight portion 24 of the upper die, are a
distance above the bed block 70 equal to the cross-
sectional height of the beam being bent.

. The I-beam may be advanced step-by-step into

""the die by any suitable means, such, for instance,
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~Figs. 1 and 2.

as the winch and cable arrangement illustrated in
As there shown, a cable 75 is
anchored at one end 16 to the bed of the press
and passes arcund a sheave 17 carried by the end
of the I-beam. The other end of the cable is .
wound upon a drum 18 of a winch mechanism 79
which may be operated by a hand crank 8. The
sheave 17T may conveniently be carried by a clip
81, the two prongs 82 of which may removably
embrace the web of the I-beam.

A complete bending operation will now be de-
scribed to illustrate the method used and to set
out more clearly the functions of the various parts.
The I-beam, after being heated in a furnace to
the proper degree for ready bending but not suffi-
ciently to render it flexible by gravity is placed

~ upon the support 78, being positioned thereon by

30

the guide plates Tl. The clip 81 is then placed
upon the beam end and the cable 75 runs over the
sheave. By means cf the winch 79, the I-beam
is slid into the die between the shoes 50 to its

- initial position indicated by the broken lines W-t{
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of Fig. 5.

The ram is now operated to cause the upper
die 20—30 to descend upon the I-beam and bend
it into the position W-2, where it will be noted
that the flat portion 26 has allowed the straight
portion to remain at the end of the beam.. Re-

. fore the upper die contacts the I-beam, the cam
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plates 60 engage the clamping plates 51, causing
the shoes 508 to securely bind upon the web to
prevent its distortion during the subsequent bend-
ing.

As the die portion 26 extends below the under
surface of the block 12 at the bottom  of the
ram, the die will engage the I-beam before-the
block engages it, and as the die bends the I-beam
downwardly it will tip the rear end upwardly until
it strikes the block 12, the clearance between the
shoes 50 and the I-beam flanges allowing this
movement. Then, as the ram continues to de-
scend, the block 72 shoves downwardly on the
rear-end of the beam and the die portion 26 con-
tinues-to bend the projecting end of the beam
until at the lower end of the stroke the beam is
firmly held in horizontal position, being clamped
between the bed 18 and the ram block 72, and
the die has performed its maximum bending. op-
eration.

As the ram subsequently rises, the cam plates
60 leave the clamping plates and the shoes again
free the I-beam. The winch is then again oper-
ated to slide the beam forward a distance of ap-
proximately one fifth of its depth and as the
ram descends in its next cycle the shoes 58 are
again caused to grip the web, and the dies bend
the I-beam still further.

The described operation is repeated until the
beam has progressed to the position indicated at
W-3 in Fig. 5, at which time the straight end
portion has been projected far enough to clear
the arcuate portion 41 of the larger supplemental
block 40, which will now be substituted for the
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block 30 m the uppe1 “die and secured in place
by" the pin 32."The press is now again -put in
opération and’ ‘the I-beam advanded step-by -step
throligh the die to complete the bend, its subse-
quent and final posmons being indicated by the
broken lines ‘W-4 of Fig. 6 and thé final form of
the I-beam being’ 111ustrated in Fig:1. ‘

“"Wheii'the press is opened after the ‘final form-
mg operatmn ‘the pm 32 is- removeqd-and block
40 ‘withdrawn. ' The I-beam “tnay’ then’be slid
through the die'and removed from the rlght hand
end of-the press. “ If,’ ‘as indicated in Fig.'1; the
end of ‘the I-beam is now projecting below “the
level ‘'of the ﬁoor a'trench’80 is prov1ded therein
to: accommoda,te the beam and to allow 1ts w1th-
drawal."

TAs iy 111ustrated in Fig. 1y sultable md]ma may
beplaced upon the upper block 72-of ‘the -ram
to’ aid ifi"the broper-positioning of the beam ‘at
the:start of the bending operation,at the point &t
whrch the'dies ‘are -changed. and- at:the finish
ofithé bénd, - such mdlcla, being 111ustrated at
91:192,.and 93, respectively.

f>Wh11e I have illustrated an embodlment of my
invention de51gned to be-fitted to"a press: brake
and:adapted for the’ bendmg of an I-beam., it
willibe’ understood that numerous other ‘applica~
tions carni:be'made within the scope and- spirit-of
the invention.” For-example; it can be well adapted
to-the bending 'of other struictural shapes such as
channels, in’ which case ‘a sihgle shoe would pro-
jeet into the chahnel dand clamp the web against
a/ flat plate on the opposite side; 'and a similar ar-
ranigement could be used in the case of anvle
beams.

Tclaimi:- ‘ :

1. An apparatus for bendmg flanged beams
comprising a bed having a straight portion to
support the beam and a curved anvil about which
it may be bent, a movable ram having a straight
portion to oppose the straight portion of the bed
and having a deflected portion to engage and
bend the bar, a pair of clamping plates having
shoes to engage opposite sides of ‘the bar loosely
enough to allow the bar to be fed, means on the
ram to force the plates inwardly to clamp the
web as the ram moves into active engagement to
bend the beam, such clamping action being re-
lieved. when the ram recedes, whereby at that
time the beam may be fed lengthwise.

9. An apparatus for bending I-beams and simi-
lar members comprising a flat bed on which the
beam may rest and a curved anvil at the end
of the bed about which the beam may be bent,
a pair of plates loosely held on opposite sides of
the anvil and projecting over the sides of the
beam thereon, shoes on the inner faces of said
plates adapted to enter the spaces on opposite
sides of the I-beam, while the said beam is over-
hanging the curved portion of the anvil, a ram
having a die diverted toward the I-beam which
rests on the anvil, and means on the ram for
forcing said shoes toward each other to clamp
the I-beam in place on the anvil while allowing
the overhanging portion of the I-beam to move
toward the anvil and relative to the shoes, and
means. for progressing the I-beam when the
clamping is released.

3. An apparatus for bending bars comprising
a bed, an anvil carried by the bed about which
the bar may be bent, a ram opposing the anvil
adapted to engage the bar to bend it about the
anvil, shoes carried by the bed for engaging
opposite faces of the bar to clamp it in position,
means actuated coincident with the active move-
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3
mént’ of the ram to ¢ause said shoés to approach
each other to effect the’ clampmg of ‘the bar and
for releasmg such clampihg Wwhen the 'ram re-
cedes, and means whereby the bar may be period- -
ically fed lengthwrse of 1tse1f when the clamp 1s
released ‘

4. An apparatus for ‘hending bars having’ webs
and edge flanges comprising a holding device
havmg 1nwardly projecting shoes for engaging
Opposite side faces of the ‘web’ of the bar while
leaving the ﬂanges ‘free to-move; to prevent the
web bemg bent out of its own plane whlle it may
sllde betWeen said deV1ces, " pair’ of straight
members for engaglng the top and bottom flanges
of’ the bar, a ‘convex anvil merging Wwith the plane
of -dnie ‘of said -straight méembers and a pressing
die ‘forming ‘a continuation ‘of ‘the face of the
other 'member and ¢oacting with said anvil, one
of sard members being movable toward the other,
and means operated by the movable member to
force the shoes toward each other,

5, "An apparatus for bending I-beams in"a
plane in- which the- web lies, comprising -a flat
support which has ‘a2 curved anvil at the end

. thereof over' which the I-béam may extend while

the 'under. flatige ‘'of the I-beam engages said flat
support, holding: blocks adapted to engage the
oppos1te ‘sides of ‘the web of the I-beam, means
engaging the upper flanges of the I-beam to press
the I-beam toward the anvil, said beams engag-
ing ‘the upper flanges having a straight portion
parallel with the flat support and another por-
tion deflected from.the straight portion in:the
general direction toward the.:anvil, and -means
for feeding the I-beam lengthwise of 1tself be-
tween successive pressing.operations. ’
- 6. -An- apparatus-for bending ‘a flanged bar in
the plane of a web thereof, comprising a straight
bed, a convex anvil diverging from the plane of
the bed, a movable ram coacting with the bed, a
die carried by the ram and adapted to engage a
portion of the bar overhanging the anvil {o bend
the bar about the anvil, a clamping shoe adapt-
ed to engage the face of the web of the bar and
be overhung by a flange thereof, said shoe ex-
tending across the convex anvil and being cut
off gradually on the edge adjacent said flange to
clear the flange and allow it to be bent toward
the anvil while the adjacent portion of the web
slides across the face of the shoe.

7. An apparatus for bending an I-beam in the
plane of the web of the beam comprising a
straight bed, a convex anvil at the end of the
bed diverging from the plane of the bed, a mov-
able ram coacting with the bed and adapted to
act on a beam between the bed and ram with
the under flanges of the beam engaging the bed
and the upper flanges engaged by the ram, a die
carried by the ram and adapted to engage a por-
tion of the beam overhanging the convex anvil
to bend the beam about the anvil, a pair of
clamping shoes on the opposite sides of the beam
adapted to engage the web thereof, said shoes ly-
ing partly above the flat portion of the support
and partly above the curved portion thereof pro-
vided by the bed and anvil, the part above the
flat portion substantially filling the space between
the I-beam flanges and the part above the curved
portion being cut away gradually on the upper
side to clear the upper flanges of the I-beam and
allow it to be bent down as the lower flanges are
bent around the convex portion of the anvil.

8. An apparatus for bending flanged beams
comprising a straight bed with an anvil at the
end thereof which bends away from the straight
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line of the:bed, a ram coacting with the bed
and anvil to:hold the body portion of a beam
to be bent in place while bending the portion
- overhanging the curved face of the anvil, said
ram having a guideway at its underside, and a
removable die slidably mounted on said guide-
way, whereby a different die may be substituted
for it. . .
9. An apparatus for bending bars comprising
a-bed, an anvil at one end of the bed about which
the bar may be bent, a movable ram opposing
both the bed and anvil adapted to engage the
opposite side of the bar to force it against the
bed and simultaneously bend it about the anvil,

restraining: members. carried ‘by the bed and

adapted to engage opposite faces of the bar which
are not to be bent out of their own planes, and
mmeans operated by the movement of the ram to
move the restraining members toward each other.
:10. The method of bending bars comprising
placing one edge of the bar in position against
a support with one end thereof overhanging the
support, exerting. pressure on the overhanging
portion of the bar against its opposite edge
thereby swinging the bar about the support as-a
fulerum, -and . simultaneously exerting pressure
on the end portion of the bar opposite: the over-
hanging portion, and continuing the pressure on
both end portions of the bar until the bar is
engaged on longitudinally coextensive top -and
bottom surfaces thereof, relieving the pressure;
successively repeating such operation, and be-
tween successive operations feeding the bar
lengthwise of itself.

:11. 'The methqd of bending :bars comprising
placing one edge of the bar in position against
a isupport with one end thereof overhanging the
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support, exerting pressure on the overhanging
portion of the bar against its opposite edge there~
by swinging the bar about the support as a ful-.
crum and simultaneously exerting pressure: on
the end portion of the bar opposite the over-
hanging portion, and continuing the pressure on
both end portions of the bar until the bar is
engaged on longitudinally coextensive top and
bottom surfaces thereof, clamping the bar by
pressure exerted against surfaces which are not
to be bent out of their own planes, feeding the
bar a short distance lengthwise of itself between
successive pressing operations and relieving the
clamping action during the feeding operation.

12, The method of bending bars comprising
placing a bar in a position where one edge .of
the body thereof rests on a support and the end
portion thereof overhangs a convex abutment,
exerting pressure on the overhanging portion of:
the bar against its opposite edge, thereby swing-.
ing the bar about the support as a fulerum, and
simultaneously exerting pressure on the end por-. -
tion of the bar opposite the overhanging por-
tion; and continuing the pressure on both end
portions of the bar until the bar is engaged on
longitudinally coextensive top and bottom sur-
faces thereof, clamping the bar in a direction
normal to the-direction: of the bending force,
feeding the bar a short step lengthwise of itself
and thereafter pressing the body of the bar

" against the support and the overhanging portion.

further about the convex abutment until its ad-
jacent surface is substantially parallel therewith,
and relieving the clamping action during the
feeding operation. RS
DANIEL KELLEHER,



