HOT ROLLED BEAM AND METHOD OF MANUFACTURE TECHNI CAL FI ELD The invention
relates to a hot rolled netal beam and a nethod of manufacturing such a
beam &hd wip 9513151 particular to such a hot roll ed beam havi pgridoaseseand
a Web joining the flanges and wherein the flanges have a predetermn ned
first thickness and wherein the web has a predeterm ned second thickness

| ess than said flange thickness, and wherein said web has openi ngs forned

10 therein, and to a forging die for forging portions of such a beam
or for cold forging othef RO A/ED R ANTBMESHNANG: AIntPActekEed net al
beans typlcall¥ QﬁNE%A%Pn% %?ture

IECHNICAL FIFLD

The invention relates to a hot rolled metal beam,
and a method of manufacturing such a beam, and in
5 particular to such a hot rolled beam having flanges and
a web joining the flanges and wherein the flanges have a
predetermined first thickness and wherein the web has a
predetermined second thickness less than said flange
thickness, and wherein said web has openings formed

10 therein, and to a forging die for forging portions of
such a beam, or for cold forging other metal members.
BACKGROUND ART

Hot rolled metal beams typically being manufactured
of steel, although other metals may also be used, are

15 used in a wide variety of load bearing applications. In
most cases, they employ a pair of flanges spaced apart
from one another, and a web joiniﬂg the flanges.
Typical such beam sections are an I-section, and a C-
section, and more complex sections. Such beams may be

20 used in the construction of various buildings, heavy
vehicles, road and bridge construction. In many of such
applications, it is desirable to fabricate the beam in
such a way as to maximize strength, and to reduce the
actual metal content of the beam. Where numerous beams

25 are used for example in a building, it will alsoc reduce
the overall weight of the building.

In particular, the so called "castellated" beanm
shows many of these advantages. This beam typically is
formed of a solid I-section hot rolled beam. The I-

30 section is then cut along the middle of the web, usually
into a more or less zig-zag pattern. The two halves of
the beam are then rewelded together with the peaks of
the zig-zag portions in contact with one another. The
zig-zags thus form openings between the joined peaks.

35 An example is shown in U.S. Patent 4,894.898, Inventor
P.A. Walker. ““N“*““‘*
. This. She
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beam, but the flange portions of the beam remain
unchanged.

5 Such a beam will have increased load bearing

' capacity as compared with the original solid I-beam
section, without containing any additional metal, and
thus, without any increase in weight, as compared with a
solid I-beam.

10  castellated beams also have the advantage that by
providing openings through the web of the beam, it
becomes possible to pass services through the beam.
Clearly this is not possible using a conventional beam
with a solid web.

15 It would however be clearly desirable if a method
could be developed for making a beam, with openings
pierced through the web, but without the expensive and
time consuming cutting and welding operation and also
without the need for trimming the ends of the beam.

.20 If a beam can be rolled, with flanges of standard
' thickness and with a web which is substantially thinner
than the standard web thickness, of a conventional beam,
while overcoming web the distortion problen, significant
reductions in the cost of such beams could be obtained

25 without a corresponding penalty of loss of capacity.

In the foregoing genéral remarks, while references
have been made to castellated beams, it will be
appreciated that the demand for castellated beams is
only a very small fraction of the demand for hot rolled

30 beams. The advantages described above, when such
iﬁproved beams are compared with conventional beams,
which represent by far the largest portion of the
market, are very considerable, and represent a major
breakthrough in the manufacture of such beans.

35 DISCLOSURE OF THE INVENTION

With a view to achieving the foregoing objectives
the invention comprises a method of manufacturing a hot

-2-



In particular, the so cal!ed—“CGSTéfTE?EEHNbeanishoms many of these
advant ages. This beam typi cal I e{@gslma;mﬁlaadsm id I-section hot rolled

beam Thewywg 9533151 section | g t he mi ddl e ofPCTIGAMALIE20
usdyally into a nore or |ess 2|g B he two hal ves of the beam are
then rewel ded together with the e zi g-zag portions in contact

with one another. The zig-zags thus forn1open|ngs bet ween the joi ned peaks.
35 An exanple is shown in U S. Patent 4,894,898, Inventor P.A Wl ker.

rolled beam, said beam having flanges of a predetermined
first thickness, and a web extending between said
flanges, said beam being initially rolled in a hot
rolling mill to provide a beam member having continuous
5 flanges, and a web joining the same, and said flanges
having a predetermined first thickness, and said web
having a predetermined second thickness less than said
first thickness, and said beam member having been then
cooled, and comprising the steps of, reheating said beam

10 member to a temperature in the range of between about
500°c and 1200°c, passing said heated beam member
through a metal forming press, repeatedly operating said
press to form a series of spaced apart openings'through
said web, and operating of said press simultaneously hot

15 forming the remainder of said web to remove distortion,
and thereafter allowing said beam member to cool.’

A further advantageous feature of the invention is
the forming of lips around said openings, said lips
being formed at an angle to the plane of said web.

20 A further advantageous feature of the invention is
'focusing the heat required for reheating the beam, so as
to reheat only the web to a high temperature, while
leaving said flanges at a lower temperature.

A further advantageous feature of the invention is

25 the forming of indentations in said web adjacent to said
openings.

A further advantageous featufe of the invention is
the forming of the discard portions of said web within
said openings, prior to or during their removal from the

30 web, to provide a secondary product from such discard
portions, after which the remainder of said discard
portioné of said web are removed to form said openings
as aforesaid.

A further advantageous feature of the invention is

35 to hot forge the lips formed around said openings,
whereby to increase their thickness, and also, in some



2 The resultant fabricated castell-ated-beamis considerably deeper through

tthe web, than the orlglnal bean1 but the flange. portions of the beamremain
unchanged.
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cont ai ni ng any additional netal th ut any increase in weight,

as conpared with a solid I-beam 10 Castell ated beans al so have
t he advantage that by providi ng openings through the web of the beam it

becones pOSSIbLgng 3°in %IVE%F%HQ”AH&HEtéf Q§ﬁ§1lips relative to the
' plane of said web. '

. The various features of novelty which characterize
the invention are pointed out with more particularity in
5 the claims annexed to and forming a part of this
disclosure. For a better understanding of the
invention, its operating'advantages and specific objects
attained by its use, reference should be had to the
accompanying drawings and descriptive matter in which

10 there are illustrated and described preferred

embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic block diagram of a facility
for producing beams in accordance with the invention;

15 Figure 2 is a schematic step diagram showing the
sequence of operations for converting a known metal beam
member into a beam in accordance with the invention;

Figure 3 is an end view of one embodiment of a beam
at its first step in its manufacture in accordance with

20 the invention;

Figure 4 is a schematic stepwise illustration
showing the steps in the forming of an opening in the
web of the beam;

Figure 5 is a section along line 5-5 of the beam

25 illustfated in Figure 4;

Figure Sa illustrates a beam similar to Figure 5
with openings but without lips; '

"~ Figure 6a and 6b are schematic stepwise
illustrations illustrating a sequence of steps of _

30 forming an added value product, followed by an opening,
in the web of the beam;

Figure 7 is a schematic perspective illustration
showing one form of the equipment for heating the web of
the beam, without heating the flanges;

35 Figure 8 is a section along the lines 8-8 of Figure
7;



Clearly this is not possible u5|ng g a conventional beamwith a solid web. 15
I't woul.d however be clearly dmﬁl&&bhﬁgegnﬁﬁﬁgghod coul d be devel oped for

nmeki ng a bgaPsn¥syh openings p the web, but w pheuisckaes20
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in the cost of such b ams cou out .a correspondi ng
penal ty of Iostocmlagp@pqqgngs and flanges and for flattening the web,

shown open;
Figure 10 is a section corresponding to Figure S of
5 the die set shown closed;

Figure 11 is a section, corresponding to Figure 9,
of an alternate embodiment of a die set, for forging the
lips around the openings, in a first partially closed
position; _

10 Figure 12 is section corresponding to Figure 11

' showing the alternate die set closed, forging and
thickening the lips;

Figure 13 is an enlarged section of a detail of
Figure 11;

15 Figure 14 is an enlarged section of a detail of
Figure 12, and;

Figure 15 is a section of a beam with a hot forged
web and lips, when formed in the dies of Figures 11 and
12.

20 MODES OF CARRYING OUT THE INVENTION .

Referring first of all to Figure 1, it will be
observed that this drawing illustrates, in schematic
form, a manufacturing facility for carrying out the
invention.

25 The facilities comprise a hot rolling mill
indicated generally as 10 for hot rolling beams, a
storage location 12 for cooling beams, a heating chamber
14 for reheating beams, and a metal forming press 16 for
forming the webs of the beams. Optional further presses

30 (not shown) might be added, for purposes to be described
below.

Referring now to Figures 1 and 2, the steps of the
process will be described with reference to the shape of
the beam member at various stages in the process. A

35 typical bar or billet of metal is indicated as 20. It
may be seen to be of generally flat rectangular section,
or "dog bone" shape in some cases. It is at an elevated
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and 1200c®, in the case of ferrous metal.
However other metals and alloys of metal may be hot

rolled at varying temperatures.

5 As the bar 20 is passed along the hot rolling mill
line 10 it is shaped into the desired beam shape, which
is illustrated here as 22, in the form of a typical I-
beam, although this is merely an example and without
limitation to any particular shape.

10 In many cases, in many hot rolling mills the beam
is passed first in one direction, and then in the other,
so that it passes several times to and fro along the
line.

The finished beam is then allowed to cool at the

15 cooling station 12 described above.

It will be observed that the section of the I-Beam
(Figure 3) defines two flanges 24-24 of a predetermined
first thickness, and a web 26 joining the two flanges of
a predetermined second thickness. The web thickness will

20 be seen to be substantially less than the flange
thickness, and the web may exhibit a certain degree of
distortion, (not shown) when the beam cools.

The I-beam 22 is then subjected to re-heating, for
example in the heating chamber 14 (described below). As

25 explained above the heating chamber 14 is preferably of
such a design that the heat is concentrated and focused
so as to heat the web, while minimizing the temperature
rise of the flanges. This is a significant important
feature of the invention for reasons which will be

30 - apparent as this description proceeds.

The web temperature will be raised to a "hot

- forming" temperature. Typically this will be between
about 500°c and 1200°c.

From the heating chamber, the I-beam, with heated

35 web indicated as 22A in Figure 2 is then passed through
one or more metal forming presses 16, where for example
openings 28 are formed, with lips 30 (Figure 4) formed



3 rolled beam said beam havi ng—+t+anges—of —a predéterm ned first thickness,
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fl &anges, and a web joi ning the sa | anges havi ng a
predeterm ned first thickness, an ing a predeterm ned second
t hi ckness less than said first thickness, and said beam nenber havi ng been
t hen cool ed, and conprising the steps of, reheating said beam 10

menber to a teRRuNdRhd bPdifingd det Gdn behadkentabene plane of the web,
' to provide the finished beam 32.

In most cases the openings 28 pierced through the

beam will be surrounded by lips 30, in order to provide
5 maximum strength to the web.

In some cases however it is conceivable that the
openings may be pierced without such lips.

Figure 5a illustrates in section a beam formed with
openings but without 1lips.

10 In Figure 5a the features corresponding to Figure 5
are indicated with the same reference numerals, with the
suffix a.

The dies (Fig 9 & 10) in the press are so designed

as to form the web, while leaving the flanges untouched.

15 In general however, the die set in the illustrated
embodiment is designed so that it will punch or pierce
an opening (or two openings) thfough the heated web, and
preferably simultaneously form lips around the openings.
Preferably also the dies will have flat planar forming

20 surfaces around the punch formations, which planar
forming surfaces will engage and form the web around the
opening so as to render the web flat, and to correct any
distortion that may have occurred during hot rolling,
and subsequent cooling of the beam, due to its reduced

25 thickness web, as compared with the thickness of the
flanges.

While the openings may be of any desired shape such
as circular, or in this case generally triangular, with
rounded corners, the planar forming surfaces will be

30 rectangular so as to engage and form a maximum area of
the web, in each operation of the die set, so that each
time the die set closes,'substantially the entire area
of the web remaining around the opening, from one flange
to the other, is flattened to correct distortions.

35 For the triangular shaped openings shown it would
be necessary to provide either two'punch dies in one
press, or two presses, each with a single punch die.
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. around the opening strengths the web, and the forming
and flattening of the remainder of the web both flattens
5 and strengthens the web.

After cooling, the flanges of the beam will usually
be subjected to a straightening operation (known per se)
which is not illustrated.

In the end result, the finished pierced web beam

10 has load bearing capabilities substantially equal to
that of a standard, solid web beam of equivalent flange
‘dimensions and equivalent web depth (but greater web
thickness, in most cases), while being much more
economical to produce. In most cases, the finished

15 pierced web beam will have a web thickness which is
substantially less. than the web thickness of a standard
solid web beam. This is because by the operation of the
press, or presses, on the web, web distortion, which
would otherwise result from the reduced web thickness is

20 eliminated by a hot stamping operation.

Thus not only is substantial web metal removed by

- the piercing of the web to provide the openings, but in
-addition, the web thickness is reduced as compared with
a standard solid web beam. Thus the overall weight or

25 mass of the beam is substantially reduced as compared

with a solid web beam.

Major economies result from both features of the

invention. e
It will be observed (Fig. 4) that the openings 28
30 are of mo:e or less triangular shape, having rounded

corners 34 with a relatively long radius, and linear
side edges 36.

The triangular shaped openings 28 will be seen to
be directed alternately towards opposite sides of the

35 web, thereby defining more or less diagonal struts 38 of
the web, separating one triangular opening from the
next. '



A further advantageous feature of--the invention is 25 the formng of
indentations in said web adj acent to said openings. A further advantageous
f eat ur € ofW@B¥13lfkention is the foi‘lm etbﬁasBeheR eda d por t | BOEYCAP4/006200 Web
wi tthin sai d openings, prior to or fromthe 30 _
web, to provide a secondary product rd portions, after which
the remai nder of said discard portrons o sar are renoved to formsaid
openi ngs as aforesaid. A further advantageous feature of the invention is
35 to hot forg@hehdlanges aotbried rakrcound thenopgaingkerebwila

i ncrease the'rthﬂbcbge§§en?%%Eﬁf%%ndrkfgﬁgielther side edge of each
strut 38. This arrangement of struts and flanges,
forming essentially channel-like shapes in section,

5 gives the web great strength; notwithstanding the
removal of substantial portions of the web metal at the
openings, and produces a significant reduction in
weight, in addition to the savings in weight achieved
by, in most cases, utilizing a web with'considerably

10 reduced thickness as compared to webs of standard solid
web beams. |

Furthermore, the finished pierced web beam has many
of the advantages of castellated beams. It has a much
higher strength to weight ratio than a solid web beam,

15 and at the same time it permits the passing of services
through the beam. Thus the advantages of a castellated
beam are obtained, in a beam of equivalent size to the
size of a standard beam, without the additional depth of
the castellated beam and without the greatly increased

20 cost of the castellated beam. Such a pierced web beam is
thus directly competitive with a standard solid web
beam, and from many aspects has considerable advantages
as compared to a solid web beam.

In a typical case, the piercing of the web of the

25 beam to provide the spaced apart cpenings will provide
openings which extend across approximately 75% of the
width of the web, leaving approximately 12%% of the web
metal remaining on each side of the opening.

- The actual metal removed from the web will usually

30 be in the region of 50% of the web metal. This will give
an indication of the major economies that can result
from the invention

As already outlined above, still further strength
can be added to the web, by the provision of generally

35 | triangular indentations 40, at each end or "root" of
each strut 38.
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Each of the generally triangular indentations 40
will be seen to have two linear sides 42, and a third
generally curved side 44. One of the two linear sides
is the base of the triangle, and is generally parallel

5 to the flanges 12 of the bean.
| The generally curved side 44 is adjacent to one of
the curved corners 34 of the generally triangular
opening 28. The radiusing of the curved side 44 is
arranged to complement the radiusing of the corner 34 of

10 the opening. _

The other linear side 42 is more or less parallel
to, but spaced from, the linear side 36 of the
triangular opening 28 on the other side of the
indentation.

15 In this way, the generally triangular indentations
40 form two strut root portions namely a linear strut
root portion 46 and a curved or arcuate strut root
portion 48.

This feature adds still further strength to the

20 web.

In a particularly preferred embodiment of the
invention, the beam will be subjected to the action of
two or more presses and die sets, one after the other.
These die sets will perform a series of operations on

25 the web as illustrated in Figures 6a and 6b.

The objective of this series of operations is to
form an "added value" second component from the portion
of the web which will be removed and normally discarded.
In the simplest case, such an added value component may

30 for example be a washer, although this is merely one
example of many different second cdmponents which could
be manufactured in this way.

Thus in order to form a washer as a second
cbmponent, a first die set might punch a central hole

35 50, and a circular washer shaped portion 52. The second
‘die set would punch out a scrap portion 54 to form the
main opening 28 in the web surrounding the space from

- 10 -



10 there are illustrated and described preferred enbodi nents of the
I'nventi on. BRI EF DESCRI PTI ON Cﬂhiﬂﬁdjwﬂﬁad lkdeure 1 is a schematic bl ock
di agr am oW@9§/t3dsl ity for produc ccordance wi t PGHEAP4MRPEM | on:

157 Figure 2 is a sche ram showi ng the sequence of
operations for converting a known net eanrnenber into a beamin
accordance with the invention; Frgure 3 Is an end view of one enbodi nent of
a beamat its first step in its manufacture in accordance with 20 t he

i nvention; Fi gwhich ithen washemthad sbeeni sempieds andt Worldh sy lips s3ps
in.the for"‘ngd@hdﬂa(ﬁﬁﬁ“dﬁéﬂ{héhfs and flatten the remainder of the

web 26. _
These various steps are shown separately[ but would
5 be performed in two die sets, or conceivably all in a

single die set.

Heating of the web, without heating %he flanges is
efficiently performed, as showed in Figures 7 and 8, by
means of upper and lower electrical induction heater

10 elements 56 and 57, connected to a suitable electrical
power source 58.

Such induction heaters may be located for the sake
of convenience within a suitable enclosure or chamber
schematically indicated in phantom as 14 in Figures 7

15 and 8.

Induction heaters of a suitable heating capacity
will rapidly heat up the reduced thickness web while the
beam is passed directly between them, so that they can
be effectively used in a continuous production line,

20 just up stream of the press. The induction heaters are
of such a design that they will focus the heating effect
directly on the web, without substantially heating the
flanges, so that the web may be reheated to a "hot

. forming" temperature, typically of between 500 to

25 1200°c, with only a modest temperature rise in the
temperature of the flanges, due to transmission of heat
from the web to the flanges.

Induction heaters of this type can thus "focus" the
heat directly on a desired portion of a beam. Other

30 forms of heaters such as gas burnere or radiant heaters
may also be used.

By way of example, a typical die set for use in a
stationary press is illustrated in Figures 9 and 10.

It has conventional upper and lower plates 60 and

35 62 and guide rods 64. The lower die comprises an inner
die portion 66 and an outer die planar forming portion
68, together supported on a platform 70. Lower die

- 11 -



web of the beam Figure 5 is a section—ateng line 5-5 of the beam 25

i'l lustrated in Figure 4; Flgure IIustrates a beamsimlar to Figure 5
with openiY@85/BIbl wi t hout | i ps; ;{% Replfidad ar e s chenmatRE/CAWDAF29e

il l'ustrations illustrating a seq of 30 form ng an added
val ue product, followed by an op b of the beam Figure 7 is
a schematic perspective illustration shomﬁng one form of the equipnment for
“heating the web of the beam w thout heating the flanges; 35

Figure 8 is a pettion §Boig meyeakiss Wwardlyiand edownwardly between

the positions shown in Figures 9 and 10, and is normally
urged upwardiy by means of springs 69.The inner die
portion 66 has an inner cutting edge 72, and a generally
5 angled forming shoulder 74. The outer die portion 68 has
a flat forming surface 76.
The upper die consists of a central punch portion
78, having cutting edges 80. Spaced therefrom by a space
82, there is an outer planar forming die portion 84,
10 ' having a rounded forming shoulder 86.
The space 82 is adapted to receive a portion of the
lower inner die 66, as shown in Figure 10.
An upper die pad 88 supports the inner upper die 78
and the outer forming die portion 84.
15 Suitable fastenings and bolts will hold the various
components together in accordance with well known
practice in the art, and accordingly are not

illustrated.
It will be noted that when the die set closes
20 (Figure 10) the discard portion, which may be the shape

of the "“added value"® compoﬁent 52 (Figure 6a), or may be
the shape of the discard portion shown at 54 in Figure
6b, falls downwardly through the inner lower die 66, the
web having been cut between the cutting edges 72 and 80.
25 As the die closes further, the upper outer forming
die portion 84 forces the remainder of the web
downwardly against the lower outer formlng die portion
68, and against the shoulder 74.
The lower die portion 68 moves downwardly (Figure
30 10) compressing springs 69. This flattens the web, and
bends the lips 30 upwardly as shown.
This therefore forms the lips 30 around the
openings.
Throughout this operation, the two flanges of the
35 beam are left ocutside the die and are unaffected.

- 12 -



7; 5 Figure 9 is a section through a typical die set for formng
openi ngs and flanges and for fl ahs&mefiths BOG RAGR.q SNOWN open; Figure 10 is a

section coveespsting to Figure 9 d[e set showPCTICA4/00620
Figure 11 is a section, correspon ,m, . of an alternate

enbodi nent of a die set, for for rohnd t he openings, in a
first partially cl osed

Spacers 90 may be placed on either side of the
lower outer portion 68 in order to align the beam
relative to the die set.

In order to speed up the operation the stationary

5 press or presses may be replaced with one or more rotary
presses as disclosed in U.S. Letters Patent No. Re '
33,613 Granted June 18, 1991 Inventor: Ernest R. Bodnar.
It has been found that by the practice of the
invention, using a beam with a reduced thickness web and
10 in which only the web is re-heated, and in which the
flanges are left at a lower temperature during re-
heating of the web,-that it is then possible to pass the
beam through a press, or through a series of presses,
either stationary or rotary, with dies forming the web,
15 without contacting the flanges. The flanges being
straight and rigid and substantially unheated, enable
the beam to be handled, while the web is formed hot,
without the need for any extra support for the beam, or
other special handling equipment, which would be
20 required if the entire beam, ie. both flanges and web,
were heated to the web forming temperature. In addition,
- by confining the heating only to the web there is a
substantial reduction in operating cost, as compared
" with reheating the entire beam.
25 As an example of the savings that can be achieved
by the invention, the following figures may be compared.
Standard 400mm I-beam (typical)

Flange thickness 8.3mm
Web thickness 6.3mm
30 Web no openings.
Improved 400mm T-beam (typical)
Flange thickness 8.6mm
Web thickness 3-4mm
Web metal removed at openings, 50% of web by mass.
35 Standard 600mm I-Beam _(typical)
. Flange thickness 1lmm
Web thickness ' 8.5mm

- 13 -



posi tion; 10 Figure 12 is section corresponding to Figure 11
shomﬁng the alternate die set €osed, forgi ng and thickening the |ips;

Fi gure” 13 we 9am3m®p! ar ged Seclthtsggeepﬁas@eg hdedof Figure 11; 1BCT/CA94/00620
Figure 14 is an enlarged sect of Figure 12, and; Figure 15
Is a section of a beamw th a b and |ips, when for ned in the
dies of Figures 11 and 12. 20 CARRYI NG OQUT THE | NVENTI ON

Referring first of all to Figure 1, it mnll be

Web . no openings.
Improved 600mm I-Bgam (typlcal)
Flange thickness 1llnmm
Web thickness 4 to 5 mm.

5 Web metal removed at openings, 50% of web, by mass.
Standard 800mm I-Beam (typlcal)
Flange thickness 38mm
Web thickness 21lmm
Web : no openings.

10 - Improved 800mm_ I-Beam (typical)
Flange thickness 38mm
Web thickness 5 to émm

Web metal removed at openings, 50% of web by mass.
Standard 1000mm Beam (typical)

15 Flange thickness 21mm
Web thickness 16mm
Web ' no openings.
Improved 1000mm I-Beam (typical)
Flange thickness 21mm

20 Web thickness 6 to 7mm

Web metal removed at openings, 50% of web by mass. -

It is not possible to give examples for all
specifications of standard beams and all specifications
of improved beams.

25 "From these figures it w111 be seen that major
savings in weight are achieved in the 400mm beam, and
that savings are also cbtained in the 600, 800, and
1000mm beams.

" Thus for example in the 400mm beam, the ratio of

30 flange thickness to web thickness may be expressed as
follows;

Standard Beam:
Flange thickness to web thickness
1.5:1

35 Improved Beam:
Flange thickness to web thickness
3:1.

-14-



observed that this drawing illustrates, in schematic form a manufacturing
facility for carrying out the i rihshécolias,B2n Replaced The facilities
conpri se wohelizrse! | ing m il indice g B as 10 for hetTicalbhneszo
bedns, a storage location 12 for ; e a ‘heating chanber 14 for

reheati ng beans, and a netal. form:-ng-press “Tor formng the webs of the

beans. Optional further presses 30 {not shown) m ght be added, for
pur poses to be described below. Referring nowto Figures 1 and 2, the steps

of the process w | |phesdesgtiBgdgivkh soilee ititee d tHe sdiviitgofacheebeam

menber at various stages 1n {he process. A | . .
by the method 1n accordance with the invention. The
savings are achieved while maintaining substantially the
same load carrying capacity as compared with standard

5 solid web beams, having the same flange width and
thickness, and having the same web depth.
The moment resistances of a standard beam and an
improved Beam specimen were calculéted by
Mr = Zpln (Fy)

10 where Zpln is the net plastic section modulus on the
basis of a 200 mm perforation depth and Fy is the yield
strength of the steel.

The moment resistance, Mr of the standard solid web
beam, and the test moment M for the improved beam

15 specimen tested are set out below.

Assume Fy = 300MPa
Standard Beam 400mm (nominal) x 140mm x-39mm
(m = 38.6kg/m; tw = 6.3mm) -

215KkN.m
20 Mr/m = =——————- = 5,57

i

Improvéd pierced web beam as tested 400mm nominal x

140mm x 39mm

(m =31 - 4.5° = 26.5kg/m; tw = 3mm) -

25

Mass reduction of perforations

188kN.m

Mr/m =  —eecccee- = 7.09

30 26.5
In accordance with a further feature of the

invention, the lips around the openings can be subjected

to a hot forging operation, substantially simultaneously
35 with the piercing of the openings and the bending of the

lips.

Such further embodiment is illustrated in the
modified die set shown in Figures 11, 12, 13 and 14.
These illustrations correspond in many ways to the

- 18 -



35 ‘ typi cal bar or billet d?"netar“13—+ﬂd¥GaLed as 20. It may be seen
to be 'of generally flat reCtangu&ﬁgmﬁqgklon or dog bone" shape in sone

cases. 41t y§odizidn el evated SBee" R" ’aced t erpEreAMa962¢ or
exanple in the region of betmeen ku .iin the case of ferrous
nmetal . However other netals and al nay be hot rolled at
varying tenperatures. 5 As the bar 20 i s passed al ong the hot

rolling mll line 10 it is shaped into the desired beam shape, which
illustrations of the die sets shown in Figures 9 and 10.

Thus the modified die set comprises an upper male die
100 and a lower female die 102. The upper male die 100
comprises a top plate 104, mounted cn upper die pins

5 106. A central pad plate 108 supports. an inner male die
100. .

An outer lip-bending die 112 is also supported on
pad plate 108. Between the inner cutting die 110 and the
outer bending die 112, there is an intermediate forging

10 die portion 114. Forging die portion 114 defines a
forging head 116. .

The outer planar forming die portion 112 is
slidably mounted by shoulder 117 on forging die 114. A
cam follower 118 is mounted on outer bending die 112.

15 Cam follower 118 has an angled upper end received in a
cam slot 120 in cam bar 122. _ '

The outer end of cam bar 122 is angled at 124, and
rides on a fixed abutment member 126. Abutment member
126 is mounted on the upper end of post 128, and is.

20 adapted to be received in a groove 130 in plate 104.
Post 128 is mounted on the lower die 102, described
below.

In this way, outer planar forming die portion 112
is moveable upwardly and downwardly under the control of

25 cam bar 122. Die portion 112 is normally urged into a
lower position by springs (not shown).

A buffer portion 132 is secured to the underside of
plate 104, and bears against the outer surface of
abutment 126 on the post 128.

30 The lower die 102 comprises a plate 134, on which
is mounted an inner cutting die member 136, and an outer
planar forming die member 138. Outer forming die 138 is
slidable upwardly and downwardly, and is normally urged
upwardly bf springs (not shown) similar to those shown

35 in connection with the die set in Figures 9 and 10.

The lower cutting die member 136 has an inner
cutting edge 140, and an outer die surface 142 having a

- 16 -



is illustrated here as 22, in the formof a typical |- beam although this

i's nerely_an exanpl e and MAthQMEQE&ﬁhgﬁéhﬁ_ de@y any particul 0
I n many cHOLSM315 many hot roll beami s passed%h@?%ﬁaéne
di fection, and then in the ch El“l passes several tinmes to and
fro along the line. The finish allowed to cool at the 15

cooling station 12 descri bed above It will be observed that the section of
the |-Beam (Figure 3) defines two flanges 24-24 of a_predeterm ned first
t hi ckness, andCryes sbopdcernd43re QiR FUEFRER 1f2 adgﬁéBQFePn1ned second

Ihickness. TheppeletBirliMeds sPdding between itself and the inner
surface 144 of upper forming die portion 112. Inner
surface 144 defines a radius around which the lip of the

5 web will be bent and shaped. The spacing between the
outer surface 142 of lower cutting die 136, and the
surface 144 of the upper forming die 112 is greater than
the thickness of the web metal. _

In operation, when the dies 100 and 102 close to

10 their cutting and bending position (Figure 11 and 13),
the web is cut, and the lip is bent substantially as
shown in Flgures 11, and 13.

As the upper die continues to close however the
upper outer die portion 112 has already bottomed out,

15 and cannot move further. In the bending position (Figure
11) the outer forming die 112 is held downwardly by
means of post 128 engaging cam bar 122.

However, at the point indicated in Figure 11, where
the upper forming die 112 has bottomed out, cam surface

20 124 of cam bar 122 is adapted to ride on abutment 126,
so that cam bar 122 can slide slightly to the left hand
side (Figure 12), as post 128 rises up into cam slot
120. This movement will then allow die plate 104 and pad
108 and the remaining members connected thereto to

25 descend somewhat further into the closed forged position
as shown in Figure 12 and 14 without the outer forming
die 112 moving any further.

This will then cause the forging head 116 to
descend into the space between surfaces 142 and 144.

30 This will theh engage the upwardly angled edge of the
lip, and will force it down into the space between
surfaces 142 and 144.

This will thus forge the edge of the lip, and both
increase the angle of the lip relative to the web and at

35 the same time increase the thickness of the lip beyond .

the thickness of the web, and also somewhat reduce the
depth of the lip. '

- 17 -



20 be seen to be substantlally Iess than the flange thlckness and the

web may exhibit a certain degreﬂmﬂmdeﬁﬁb (not shown) when t he _bea
cool s. “ThavO95EHAl 22 is then subj ‘eatl ng, for efﬂﬁ’?“faﬂszphe
heati ng chanber 14 (descri bed beI expl ai ned above the

heating chanber 14 is preferably 0 such a design that the heat is
concentrated and focused so as to heat the web, while m nim zing the

tenperature rise of the flanges. This is a significant inportant feature of
the invention for reaswis Sexrmed with bepeeings angpWitht £959eqd; 41ips

description pro %ﬁgﬁ %%%ﬁ%%ﬂi&&%&nb&éw&w i@ anisot forming”
enperature. Typica e bet ween
manner, will have greatly increased strength. The
increased angle of bend achieved by the lip will also
5 provide still further strength to the web, and increase
the dimensions of the opening.

All of these factors can be achieved in a single
die, in a highly advantageous and efficient manner.

Referring now to Figure 15, a beam formed in the

10 modified forging die described above is illustrated in
section.

The modified beam is indicated generally as 150,
and comprises upper and lower flanges 152, of a first
predetermined thickness less than the first, and a web

15 154 of a second predetermined thickness. An opening 156
is shown formed through the web 154, and lips 158 are
shown formed arocund the opening. |

It will be seen that the lips 158 are bent at an
angle of substantially about 90 degrees to the plane of

20 the web 154. In addition it will be seen that the lips
158 have a thickness Lt greater than the thickness of Wt
of the web 154.

This increase in thickness of the lips 158, results

from the hot forging of the lips in the manner described
. 25 above. _

The 90 degree angle of the lips, as well as the
increased thickness of the lips, provides great
‘additional strength to the web 154.

In addition, it increases the open area defined by

30 " the opening 156. This still further improves the
- ability of the beam to pass services through the beam.

While the beam illustrated is in the form of an I
beam with a pierced web, it will be appreciated that
many other types of beam_sections may be greatly

35 improved in accordance with the invention.

The foregoing is a description of a preferred

embodiment of the invention which is giﬁen here by way

- 18 -



about [err] and [err]. Froa:;ﬁg\EEEFTﬁg‘chanbef, the I-beam wth heated 35

web indjc?%§§§§§E§2A in Figuf Immiﬁagggn passed t hrough one or nore neta

formng p , Where for eds 28 are for med PCRIGAR400638 30
(Figure 4) forned 7 aroun at an angle to the plane of the
web, to provide the finished bea s St cases the openings 28 pierced
t hrough the beamw || be surrounded by lips 30, in order to provide

of example only. The invention is not to be taken as
limited to any of the specific features as described, |
but comprehends all such variations thereof as come
within the scope of the appended claims.
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5 . maxi mum strengt h-to-the-web—Ln sone cases however it is conceivable
that the openi ngs may be pierced mAthout such lips. Figure 5a illustrates
in secti dOQ fn f or med s e Hmud ‘Wi t hout |ips. 10PCT/CA94/00620 | n
Figure 5a the features cor Flgure 5 are indicated with the
sane reference nunerals, w ‘a. The dies (Fig 9 & 10) in the
press are so designed as to fornlthe whil e | eaving the fl anges

unt ouched. 15 I n general however, the die set in the illustrated
enbodi ment i s CIddIMPted so that it wi l | punch or pierce an opening (or two

openi ngs) thrqugh BheGREbBhan@fbturing a one piece integral

metallic beam (22) having flanges (24), and a web (26)
joining said flanges, said beam having been hot rolled
5 from a heated metal workpiece (20), to produce an
integral one piece beam having flanges, and a web
extending therebetween, said flanges having a
predetermined first thickness, and said web having a
 predetermined second thickness less than said first
10 thickness, and characterized by the steps of;
heating said web (26) to a hot forming temperature;
passing said heated web (26) through at least one
metal forming die set (16) for forming openings in (28)
said web, and planar clamping die portions for
15 flattening said web;

repeatedly closing said at least one die set (16)
on said web-(26), without forming said flanges (24),
whereby to form openings (28) in said web (26); and,

clamping said web (26) to flatten said web (26)

20 around said openings (28). _

2. A method of manufacturing a beam as claimed in
Claim 1 wherein said step of closing said at least one
die set (16) on said web (26) forms lips (30) around
said openings (28), at an angle to said web.

25 3. A method of manufacturing a beam as claimed in
Claim 2 wherein said openings (28) are of generally
triangular shape with rounded corners, said openings
being directed alternately towards opposite flanges (24)
of said beam, and said openings defining strut portions

30 (38) therebetween extending in a generally diagonal
fashion from one side of said web to the other, and said
lips (30) extending along either side of said strut
portions (38) whereby to give the same a generally
channel shaped cross-section.

35 4. A method of manufacturing a beam as claimed in
Claim 3 and including the steps of forming generally

R 1 O - 20 -




preferably sinultaneousty—+erm--ips—around the openings. Preferabfy al so
the dies will have f]at planar forn1ng 20 surfaces around the &gnch

f or mat f on¥O%A3CH pl ee umiaces will engage and f 8FRMGAR&0
around the opening s the web flat, and to correct any
distortion that may uring hot roIIing, and subsequent
cooling of the beam due to its reduced 25 t hi ckness web, as conpared

with the thickness of the flanges, Wile the openin may be qan%ﬁ¥ desi red
shape such astQHQQQW%ar(*n49P¥¢F%°E%Sé4@enéPaFF}dt%F@h ch)ig nded

corners, the phahlloff Faldstrit agestibhs 280 rectangul ar so as to
engage and forn1a X@gﬂné”manuéacturlng a beam as claimed in Claim 4
wherein said generally triangular indentations (40) have
5 a linear side (42) parallel to a said flange (24), and a
further linear side (42) parallel to one side of an
adjacent opening (28), and a curved side (44) adjacent
to a rounded corner (34) of an adjacent said opening,
whereby to define separate strut root portions (46,48)
10 on either side of said triangular indentations (40).
6. A method of manufacturing a beam as claimed in
Claim 1 wherein said web (26) is heated, while
malntalnlng said flanges (24) at a reduced temperature,
whereby to facilitate handling of said beam when said

15 web is passed through said at least one metal forming
die set (16) and to facilitate piercing of said web
(28).

7. A method of manufacturing a beam as claimed in
Claim 1 wherein said beam is an I-beam, and said web

20 (26) has a depth of approximately 400mm, and wherein
said flanges (24) have a thickness of between about 8
and 9mm, and said web (26) has a thickness of between 3
and 4mm.
8. A method of manufacturing a beam as claimed in

25  Claim 1 wherein said web (26) has a depth of '

' approximately 600mm, and wherein said flanges (24) have
a thickness of between about 11 to 12mm and said web
(26) has a thickness of between 4 and 5mm.
9. A method of manufacturing a beam as claimed in

30 Claim 1 wherein said web (26) has a depth of
approximately 800mm, and wherein said flanges (24) have
a thickness of between about 38 and 39mm and.said web
(26) has a thickness of between about 5 and 6mm.
10. A method of manufacturing a beam as claimed in

35 Claim 1 wherein said web (26) has a depth.of
approximately 1000mm, and wherein said flanges (24) have

R R RO o
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the web, in each operation of the die set, so that each tinme the die set

cl oses, substantially t RERas the web renmai ning around the
openi ng, WA f | angﬂe]lgSﬁeQtt aE%eeﬂR%;ﬂa chi s flattened to corr ®CI/CH9E00620i ons.

35 For the tri openi ngs shown it woul d be necessary
to provide either two pu e press, or two presses, each with a
singl e punch die. 8 The punchlng out of a portion of the web reduces the

overall weight of the beam The formng of lips
a thickness of between about 21 and 22mm and said web

(26) has a thickness of between about 6 and 7mm.

11. A method of manufacturing a beam as claimed in

Claim 1 wherein said flanges (24) have a thickness of T
5 and said web (26) has a thickness of t and wherein the

ratio of T:t is about 3:1 or greater.

12. A method of manufacturing'a beam as claimed in

Claim 2, and including the step of hot forging said lips

(30), whereby to increase said angle of said lips (30)

10 relative to said web (26), and also to increase the
‘thickness of said lips (30) relative to said web.

13. A method of manufacturing a beam as claimed in
Claim 1 and further including the steps of forming
portions (52) of said web (26) within said openings

15 (28), prior to removal of portions of said web from said
openings, whereby to form an added value product (52)
from said web, and, subsequently removing portions (54)
of said web around said added value product, to form
said openings (28) therethrough.

20 14. A method of manufacturing a one piece integral
metallic beam having flanges (24), and a web (26)
joining said flanges, and being characterized by;

' hot rolling a heated metal workpiece (20), to
produce an integral one piece beam (22) having flanges

25 (24), and a web (26) extending therebetween, said
flanges having a predetermined first thickness T, and
said web having a predetermined second thickness t less
than said first thickness, and wherein the ratio of T:t
is 3:1 or greater; - _

30 re~-heating said web (26) to a hot forming
temperature; passing said heated web (26) through at
least one metal forming die set (16) having planar
clamping die portions (84) for flattening said web,

repeatedly cldsing said at least one die set (16)

35 on said web (26), without forming said flanges (24),

whereby said planar clamping die portions (84) flatten

said web.
<2z~ AR RRAY DI




around the opening strengths the Wweb, ¢ and the formng and flattening of the

remei nder yof 4 % $isy€D ﬁgfsﬁeefﬂiﬁbwrk%ﬂl&ed and strengthens t hpcyesaddseer

cool i ng, the anges o |. usual |y be subjected to a

strai ghtening operatio lﬁ E He) which is not illustrated. In the end
result, the finished p m 10 has | oad bearing capabilities
substantially equal to that of a standard, solid web beam of equival ent

fl ange di nmensi o an uiva Cc n
nost cases), fge bgf‘ 3 ﬁgﬁ% g%%cg%gi&n&c%ﬂfgé %%g\qlpn ﬁ%s%ﬁgggggl
the finished 15metallpcebesu helibgafilandeshaand a/véfbeb neintdg #Aieh is

flanges, said beam having been hot rolled from a heated
metal workpiece (22), said apparatus being characterized
5 by; |
heating means (56,57) for heating said web (26),
without substantially heating said flanges (24);
at least one metal die forming set (16), in turn
comprising; ' _
10 a piercing die portion (78) for piercing an opening
(28) through said heated'web (26);
a bending die portion (72,80) for bending lips (30)
around said opening (28); and,
flattening_die portions (68;84) for engaging said
15 web (26) around said lips (30), and flattening said web
(26),
whereby to pierce openings (28) through said web
(26) at spaced intervals, and to bend lips (30) arocund
said openings (28), and to flatten the remainder of said
26 web between said flanges.
16. An apparatus as claimed in Claim 15 and wherein said
heating means (56) comprises induction heating means
(56,57,58) spaced.apart from one another, and adapted to
_ receive said web (26) of said beam therebetween, and to
25 focus heat on said web (26), with said flanges (24) of
said beam being outside said induction heating means,
whereby to avoid substantial heating of said flanges.
17. An apparatus as claimed in Claim 16 and including
secondary component die means (72,78) for forming a
30 ' secondary component (52) from said web (26), within said
opening (28), prior to piercing of said opening through
said web. ‘
18. A metal piercing, forming and forging die, and
being characterized by;
35 a piercing die portion (110), for piercing an
opening (28) in a metal workpiece (26);

)
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substantially less than the web thickness of a standard solid web beam
This is, because by the qpekat iRBe@ReplRdPr ess, or presses, on the web, web

di st orti or'WWORKAHAL woul d | It ifromthe reduced WEHCTYOABKIOERS i S
20 elimnated by a H! peration. Thus not only is
substantial web netal re iercing of the web to provide the

openi ngs, but in addition, the web thickness is reduced as conpared with a
- standard solid web beam Thus the overall weight or 25 mass of the

beam i s substanti al lay ficarhioeyl die cpopeied (iL56) acee! bénaghgbaaporaicy
econom es resul dy gy Jp ) TR eﬁoﬁ&piggei 23{8{{%293@ said opening
' (28), and, |
a forging die portion (116) between said piercing
5 die portion and said forming die portion, said forming
die portion being moveable relative to said forging die
portion.

R
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It will be observed (Fig. 4) that the openings 28 30 are of nmore or
l'ess triangul ar shape, having rounded corners 34 with a relatively |ong
radi us, aqddsiefar side edges 36. The triangul ar shaped ope®CR{AIABOGL] | be

seén to be directed alternately towards opposite sides of the 35 - web,
thereby defining nore or |ess diagonal struts 38 of the web, separating one
trl-'angul ar openi r}g—f"r'o'm'l'h'e—n'er——'@——" ) 1& F ™

24

26

\_/ .
< - N N .Nv(\\ﬁ
~ ~T : ' .

1y

T
i
N—"
. 1
||| 1
/ ] L —

10

26

\
”/

This Sheet Has Bee

o i

eplaced -

i



The flanges 30 fornmed around the openings 28 will thus be seen to extend
al ong either side edge of each strut 38. This arrangenent of struts and
fl anges, f dOPFtpISsentially channel -1ike shapes in section, Per/ca9a/08)eS
the web great strength, notw thstandi ng the renoval of substantial portions
of the web netal at the openings, and produces a significant reduction in
weight, in addition to the savings in weight achieved by, in nost cases,
utilizing a web with consi derabl y[30 reduced thJockness as co red to
webs of standard solid web beans. | Furt hernore, the fani shed pi er web
beam has many of the adva@’agﬁ's-ﬁ' castel | at ed b?ms/. | t ha&d)rm?
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hi gher strength to weight ratio than a solid web beam 15 - and at the
same time it permts the passing of services through the beam Thus the
advant agewods/Bisiast el | at ed beam are obtained, in a beam of pedydaslodddo Si ze
to the size of a standard beam w thout the addi ti onal depth of the

castell ated beam and wi thout the greatly increased 20 cost of the
castel | ated -beam Such a pi eb beamis thus directly conpetltlve wth

pi ercing
peni ngs Wil |

This Sheet Has Been
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wi dth of the web, |eaving approximately [err] of the web netal remaining on
each side of the opening. The actual netal renoved fromthe web will

usual | y 3®095131she in the region of 50% of the web metal. TREHCAP4H6Y0 ve an
i ndi cation of the nmmjor econom es that can result fromthe invention As

al ready outlined above, still further strength can be added to the web, by

the provision of generally 35 triangul ar indentations 40, at each end
or "root" of each strut 38. :

This Sheet Has Been Replaced l
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REPLACEMENT SHEET 10 Each of -the generally triangular indentations 40 will
be seen to have two linear sides 42, and a third generally curved side 44.
One of t WO ®SBIB1 near sides is the base of the tri angl e, am’%@ﬁ@"al |y
parallel 5 to the flanges 12 of the beam The generally curved side 44
I's adj acent to one of the curved corners 34 of the generally triangular
opening 28. The radiusing of the curved side 44 is arranged to conpl enent

t he radi using of the corner 34 of 10 t he opening. The other I|inear
side 42 is nore or |ess parallel : .

14, 22a

!
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e T |
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to, but spaced from the linear side 36 of the triangular opem ng 28 on the
ot her side of the indentation. 15 In this way, the generally
triangdl asvoosiensati ons 40 formtwo strut root portions namACI/GA94/00629r
striut root portion 46 and a curved or arcuate strut root portion 48. This
feature adds still further strength to the 20 web. In a particularly
preferred enbodi nent of the invention, the beamw || be subjected to the
action of two or nore presses and die sets, one after the other. These die
sets will performa series of operations on
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25 the web as illustrated in Figures 6a and 6b. The objective of this
series of operations is to forman "added val ue" second conponent fromthe
porti ol ONO9BE3M&&b which will be renpved and normal |y di scalgE§A4/0062¢ ¢

si npl est case, such an added val ue conponent may 30 for exanple be a
washer, although this is nerely one exanple of many different second
conponents which could be manufactured in this way. Thus in order to forma
washer as a second conponent, a first die set might punch a central hole 35
50, and a circul ar washer shaped portion 52. The second die set would

punch out a scrap }pg)p_tlggSzﬂrzso fngn ﬁae ﬁql n opening 28 in the web

surroundi ng the space\ rom\ \
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11 which the washer had been renopved
opening 28 and flatten the remainde
are shown We@Paf1atsd| y, but would 5
conceivably all in a single die set.
the flanges is efficiently perforned
means of upper and | ower electrical

and would formlips 30 around the

r of the web 26. These vari ous steps
be perforned in two dPET&AS4/0063¢

Heating of the web, w thout heating

, as showed in Figures 7 and 8, by

I nducti on heater

124—7/
122 | 120
\ ‘
\/ N
< \ | ——118
> SNEN
N L7
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/ 164
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/ 138
/, 136
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10 _  elenments 56 and 57, connected to a suitable electrical power source
58. 'Such induction heaters may be | ocated for the sake of conveni ence

Wit hi-n”a wwo 951381 encl osure or chanber schematical ly indi catPEF/GAP4{IPGAt om
as”“14 in Figures 7 15 and 8. Induction heaters of a-suitable heating
capacity will rapidly heat up the reduced thickness web while the beamis
passed directly between them so that they can be effectively used in a
conti nuous production line, 20 just up stream of the press. The

i nduction heaters are of such a design that they will focus the heating
effect directly on the web, w thout substantially heating the
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flanges, so that the web may be reheated to a "hot form ng" tenperature,
typlcally of between 500 to 25 [err], with only a nodest tenperature
rise’in tWO@IHAHrature of the flanges, due to transm ssi onPEF/OASHHO629 om
the web to the fl anges. Induction heaters of this type can thus "focus" the

heat directly on a desired portion of a beam Oher 30 forms of
heaters such as gas burners or radiant heaters may al so be used. By way of
exanple, a typical die set for use in a stationary press is illustrated in

Figures 9 and 10. It has conventional upper and |ower plates 60 and 35
62 and guide rods 64. The | ower die conprises an rnner
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die portion 66 and an outer die planar formng portion 68, together

supporteéd on a platform 70. Lower die 12 portion 68 is noveabl e upwardly
and downwardly between the positions shown in Figures 9 and 10, and is
normal Iy urged upwardly by neans of springs 69. The inner die portion 66 has
an inner cutting edge 72, and a generally 5 angl ed form ng shoul der

74. The outer die portion 68 has a flat form ng surface 76. The upper die
consists of a central punch portion 1

ROL B oD ©

T IELD .
The invention relates to a hot rolled metal beam,
and a method of manufacturing such a beam, and in
5 particular to such a hot rolled beam having flanges and
a web joining the flanges and wherein the flanges have a
predetermined first thickness and wherein the web has a
predetermined second thickness less than said flange '
thickness, and wherein said web has openings formed

10 therein, and to a forging die for forging portions of
such a beam, or for cold forging other metal members.
BACKGROUND ART

Hot rolled metal beams typically being manufactured
of steel, although other metals may also be used, are

15 used in a wide variety of load bearing applications. In
most cases, they employ a pair -of flanges spaced apart
from one another, and a web joining the flanges.
Typical such beam sections are an I-section, and a C-
section, and more complex sections. Such beams may be

20 used in the construction of various buildings, heavy
vehicles, road and bridge construction. In many of such
applications, it is desirable to fabricate the beam in
such a way as to maximize strength, and to reduce the
actual metal content of the beam. Where numerous beams

25 are used for example in a building, it will also reduce
the overall weight of the building.

In particular, the so called "castellated" beam
shows many of these advantages. This beam typically is
formed of a solid I-section hot rolled beam. The I-

30 section is then cut along the middle of the web, usually
into a more or less zig-zag pattern. The two halves of
the beam are then rewelded together with the peaks of
the zig-zag portions in contact with one another. The
zig-zags thus form openings between the joined peaks. -

35 An example is shown in U.S. Patent 4,894,898, Inventor

P.A. Walker. T gmiONENT SHFFTS 80

™ Description : paged .A.. to- paged 14
¥ Claim{s) = :paged .22 10 paged_.‘.?. y
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78: having cutting edges 80. Spaced therefromby a spage 82, lhere is

s outer planar formng die portion 84, 10 havi ng- a | oRFPIACENMENTIISHEET
shoul der 86. The space 82 is adapted to receive a portfo

inner die 66, as shown in Figure 10. An upper die pad 88}s S e | nher
upper die 78 and the outer formng die portion 84. 15 %ﬁfgh&gﬁkﬁab e

fastenings and bolts will hold the various conponents {ofether in _
accordance with well known practice in the art, and acg¢ordingly are not
illustrated. It will be noted that when The die set cl bses—26 gt e

10) the discard portifife MU AR £38riREt88%PEstellated bean is
considerably deeper through the web, than the original
beam, but the flange portions of the beam remain
unchanged.

5 Such a beam will have increased load bearing'
capacity as compared with the original solid I-beam
section, without containing any additional metal, and
thus, without any increase in weight, as compared with a -
solid I-beam.

10 : Castellated beams alsc have the advantage that by
providing openings through the web of the beam, it
becomes possible to pass services through the beam.
Clearly this is not possible using a conventional beam
with a solid web.

15 It .-would however be clearly desirable if a method
could be developed for making a beam, with openings
pierced through the web, but without the expensive and
time consuming cutting and welding operation and also
without the need for trimming the ends of the beam.

20 If a beam can be rolled, with flanges of standard
thickness and with a web which is substantially thinner
than the standard web thickness, of a conventional beam,
while overcoming web the distortion problem, significant
reductions in the cost of such beams could be obtained

25 = . without a corresponding penalty of loss of capacity.

In the foregoing general remarks, while references
have been made to castellated beams, it will be
appreciated that the demand for castellated beams is
only a very small fraction of the demand for hot rolled

30 beams. The advantages described above, when such
improved beams are compared with conventional beams,
which represent by far the largest portion of the
market, are very considerable, and represent a major
breakthrough in the manufacture of such beams.

35 DISCLOSURE OF THE INVENTION , -

With a view to achieving the foregoing objectives
the invention comprises a method of manufacturing a hot



of the “added val ue" conponent 52 (Figure 6a), or

‘di scard portion shown at 54 in Figure 6b,

may be t shape of the

falls downwardly tREPDA'GﬁMENTe EET

i nner | ower die 66, the web having been cut between the c
and 80. 25 As the die closes further, the upper o tqé eﬁ §1 ije
portion 84 forces the renai nder of the web domnmardly agaijngt BMA

outer formng die portion 68, and agai nst the shoul der 74. di e
portion 68 noves downwardly (Figure 30 10) conpressi g sprlngs 69.
This flattens the web, and bends the |ipd 30 upwardly as

therefore forms irdalledPbedtl, 3621A0béAE WPPIMIBlanges of a predetermlned
first thickness, and a web extending between said
flanges, said beam being initially rolled in a hot
rolling mill to provide a beam member having continuocus

5 flanges, and a web joining the same, and said flanges

having a predetermined first thickness, and said web
having a predetermined second thickness less than said
first thickness, and said beam member having been then
cooled, and comprising the steps of, reheating said beam

10 member to a temperature in the range of between about
500°c and 1200°c, passing said heated beam member
through a metal forming press, repeatedly operating said
press to form a series of spaced apart openings through
said web, and operating of said press simultaneously hot

15 forming the remainder of said web to remove distortion,
and thereafter allowing said beam member to cool.

A further advantagecus feature of the in#ention_is
the forming of lips around said openings, said lips
being formed at an angle to the plane of said web.

20 A further advantageous feature of the invention is
focusing the heat required for reheating the beam, so as
to reheat only the web to a high temperature, while
1eaving'séid flanges at a lower temperature.

A further advantageous feature of the invention is

25 the forming of indentations in said web adjacent to said
openings.

A further advantageous feature of the invention is
the forming of the discard portions of said web within
said openings, prior to or during their removal from the

30 web, to provide a secondary product from such discard
portions, after which the remainder of said discard
portions of said web are removed to form said openings
as aforesaid.

A further advantageous feature of the invention is

35 to hot forge the lips formed around said openings,
whereby to increase their thickness, and also, in some




3

Throughout this operation, the two flanges of the 35 heam are |eft

‘out side the die and are unaffected. 13 Spacers 90 may bE REpp& _
either side of the |lower outer portion 68 in order to ali %hﬂiﬂﬂﬂﬁﬁ.SHEEr

relative to the die set. In order to speed up the operatign jthe stationary
5 press or presses nmay be replaced with one or nore rotarqadMABSEQ7as
disclosed in U S. Letters Patent No. Re 33,613 Ganted Jure {18, 1991
| nventor: Ernest R Bodnar. 4

cases to increase the angle of said lips relative to the
plane of said web.

The various features of novelty which characterize
the invention are pointed out with more particularity in

5 the claims annexed to and forming a part of this
disclosure. For a beﬁtef understanding of the
invention, its operating advantages and specific objects
attained by its use, reference should be had to the
accémpanying drawings and descriptive matter in which

10 there are illustrated and described preferred
embodiments of the invention.
F _DESC ON O WINGS

Figure 1 is a schematic block diagram of a facility

for producing beams in accordance with the invention;

is Figure 2 is a schematic step diagram showing the
sequence of operations for converting a known metal beam
member into a beam in accordance with the invention;

Figure 3 is an end view of one embodiment of a beam
at its first step in its manufacture in accordance with

20 the invention;

Figure 4 is a schematic stepwise illustration
showing the steps in the forming of an opening in the
web of the bean;

‘FPigure 5 is a section along line 5-5 of the beam

25 illustrated in Figure 4; _

Figure 5a illustrates a beam similar to Figure S
with openings but without lips;

Figure 6a and 6b are schematic stepwise
illustrations illustrating a sequence of steps of

30 forming an added value product, followed by an opening,
in the web of the beam;

Figure 7 is a schematic perspective illustration
showing one form of the equipment for heating the web of
the beam, without heating the flanges;

35 xFigure 8 is a section along the lines 8-8 of Figure




It has been found that by the practice of the invention,

*a reduced thickness web and 10 in which only the w

in which the flanges are left at a | ower tenperature du
the web, that it-is then possible to pass the beamthro
through a series of presses, either stationary or rotar
the web, 15 w t hout contacting the flanges. The fl
and rigid and substantially unheated, emable the beamt
the web is formed hot, w thout the need for any extra s
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entire beam ie. both flanges

forming openlngs and flanges and for flattening the web,

shown open;

Figure 10 is a section correspondlng to Figure 9 of

5 the die set shown closed;

Figure 11 is a section, corresponding to Figure 9,
of an alternate embodiment of a die set, for forging the
lips around the openings, in a first partially closed

position;

10 Figure 12 is section correspcndiﬁg to Figure 11
showing the alternate die set closed, forging and

thickening the lips;

Figure 13 is an enlarged sectlon of a detail of

Figure 11;

15 Figure 14 is an enlarged section of a detail of

Figure 12, and;

Figure 15 is a section of a beam with a hot forged

12.
20 MOQES OF CARRYING OUT THE INVENTION

web and lips, when formed in the dies of Figures 11 and

Referring first of all to Figure 1, it will be
observed that this drawing illustrates, in schematic
form, a manufacturing facility for carrying out the

invention.

25 . The facilities comprise a hot rolling mill

indicated generally as 10 for hot rolling beams, a

storage location 12 for cooling beams, a heating chamber

14 for reheating beams, and a metal forming press 16 for

forming the webs of the beams. Optional further presses
30 (not shown) might be added, for purposes to be described

below.

Referring now to Figures 1 and 2, the steps of the
process will be described with reference to the shape of
the beam member at various stages in the process. A
35 typical bar or billet of metal is indicated as 20. It
may be seen to be of generally flat rectangdlar section,
or "dog bone" shape in some cases. It is at an elevated
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temperature, for example in the region of between 500c®
and 1206c°, in the case of ferrous metal.

However other metals and alloys of metal may be hot
rolled at varying temperatures. '

As the bar 20 is passed along the hot rolling mill
line 10 it is shaped ‘into the desired beam shape, which
is illustrated here as 22, in the form of a typical I~
beam, although this is merely an example and without
limitation to any particular shape.

In many cases, in many hot rolling mills the beam
is passed first in cne direction, and then in the other,
so that it passes several times to and fro along the
line. '

The finished beam is then allowed to cool at the
cooling station 12 described above.

It will be observed that the section of the I-Beam
(Figure 3) defines two flanges 24-24 of a predetermined
first thickness, and a web 26 joining the two flanges of
a predetermined second thickness. The web thickness will
be seen to be substantially less than the flange
thickness, and the web may exhibit a certain degree of
distortion, (not shown) when the beém cools.

The I-beam 22 is then subjected to re-heating, for
example in the heating chamber 14 (described below). As
explained above the heating chamber. 14 is preferably of
such a design that the heat is concentrated and focused
so as to heat the web, while minimizing the temperature
rise of the flanges. This is a significant important
feature of the invention for reasons which will be
apparent as this description proceeds.

The web temperature will be raised to a "hot
forming"” temperature. Typically this will be between
about 500°c and 1200°c.

From the heating chamber, the I-beam, with heated
web indicated as 22A in Figure 2 is then passed through
one or more metal forming presses 16, where for example
openings 28 are formed, with lips 30 (Figure 4) formed
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around the openings at an angle to the plane of the web,
to provide the finished beam 32.

In most cases the openings 28 pierced through the
beam will be surrounded by lips 30, in order to provide
maximum strength to the web.

In some cases however it is conceivable that the
openings may be pierced without such lips.

Figure Sa illustrates in section a beam formed with
openings but without lips.

In Figure 5a the features corresponding to Figure 5
are indicated with the same reference numerals, with the
suffix a.

The dies (Fig 9 & 10) in the press are so designed
as to form the web, while leaving the flanges untouched.
In general howevér, the die set in the illustrated
embodiment is designed so that it will punch or pierce
an opening (or two openings) through the heated web, and
preferably simultaneously form lips around the openings.
Preferably also the dies will have flat planar forming
surfaces around the punch formations, which planar
forming surfaces will engage and form the web around the
opening so as to render the web flat, and to correct any
distortion that may have occurred during hot rolling,
and subsequent cooling of the beam, due to its reduced
thickness web, as éompared with the thickness of the
flanges. -

While the openings may be of any desired shape such
as circular, or in this case generally triangular, with
rounded corners, the planar forming surfaces will be
rectangular so as to engage and form a maximum area of
the web, in each operation of the die set, so that each
time the die set closes, substantially the entire area
of the wedb remaining around the opening, from one flange
to the other, is flattened to correct distortions.

For the triangular shaped openings shown it would
be necessary to provide either two punch dies in one
press, or two presses, each with a single punch die.
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' The punching out of a portion of the web reduces
the overall weight of the beam. The forming of lips
around the opening strengths the web, and the forming
and flattening of the remainder of the web both flattens
and strengfhens the web.

After cooling, the flanges of the beam will usually
be subjected to a straightening operation (known per se)
which is not illustrated.

In the end reéult, the finished pierced web beam
has load bearing capabilities substantially equal to
that of a standard, solid web beam of equivalent flange
dimensions and equivalent web depth (but greater web
thickness, in most cases), while being much more
economical to produce. In most cases, the finished
pierced web beam will have a web thickness which is
substantially less than the web thickness of a standard
solid web beam. This is because by the operation of the
press, or presses, on the web, web distortion, which
would otherwise result from the reduced web thickness is
eliminated by a hot stamping operation.

' Thus not only is substantial web metal removed by
the piercing of the web to provide the openings, but in
addition, the web thickness is reduced as compared with
a standard solid web beam. Thus the overall weight or
mass of the beam is substantially reduced as compared
with a solid web beam. .

Major economies result from both features of the
invention.

It will be observed (Fig. 4) that the openings 28
are of more or less triangular shape, having rounded
corners 34 with a relatively long radius, and linear
side edges 36.

The triangular shaped openings 28 will be seen to
be directed alternately towards opposite sides of the
web, thereby defining more or less diagonal struts 38 of

the web, separating one triangular opening from the
next.
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6 to 7mm Wb netal renoved at openi ngs, 50% of web by SSTTtTs ot

possible to give exanples for all specifications of sfa dﬁg g&fn
specifications of inproved beans. 25 From t hege 1t
be seen that mmjor savings in weight are achieved in

that savings are also obtained in the 600, 800, and 1@00nm beans. Thus
exanple in the 400nm beam the ratio of_ 30 fl ang
t hi ckness nay be expressed as foll ows;

The flanges 30 formed around the openings 28 will
thus be seen to extend along either side edge of each
strut 38. This arrangement of struts and flanges,
forming essentially channel-like shapes in section,

5 gives the web great strength, notwithstanding the
removal of substantial portions of the web metal at the
openings, and produces a significant reduction in
weight, in addition to the savings in weight achieved
by, in most cases,'utilizing a web with considerably

10 reduced thickness as compared to webs of standard solid
web beams.

Furthermore, the finished pierced web beam has many
of the advantages of castellated beams. It has a much
higher strength to weight ratio than a solid web beamn,

15 and at the same time it permits the passing of services
through the beam. Thus the advantages of a castellated
beam are obtained, in a beam of equivalent'size to the
size of a standard beam, without the additional depth of

'~ the castellated beam and without the greatly increased

20 cost of the castellated beam. Such a pierced web beam is
thus directly competitive with a standard solid web
beam, and from many aspects has considerable advantages
as compared to a solid web beam.

In a typical case, the piercing of the web of the .

25 beam to provide the spaced apart openings will provide
openings which extend across approximately 75% of the
width of the web, leaving approximately 12%% of the web
metal remaining on each side of the opening.

The actual metal removed from the web will usually

30 be in the region of 50% of the web metal. This will give

an indication of the major economies that can result
from the invention

As already outlined above, still further strength
can be added to the web, by the provision of generally
35 triangular indentations 40, at each end or “root" of
each strut 38.
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Each of the generally triangular indentations 40
will be seen to have two linear sides 42, and a third
generally curved side 44. One of the two linear sides
is the base of the triangle, and is generally parallel
to the flanges 12 of the bean.

The generally curved side 44 is adjacent to one of
the curved corners 34 of the generally triangular
opening 28. The radiusing of the curved side 44 is
arranged to complement the radiusing of the corner 34 of
the opening. .

The other linear side 42 is more or less parallel
to, but spaced from, the linear side 36 of the
triangular opening 28 on the other side of the
indentation. '

In this way, the generally triangular indentations
40 form two strut root portions namely a linear strut
root portion 46 and a curved or arcuate strut root
portion 48.

This feature adds still further strength to the
web.

- In a particularly preferred embodiment of the
invention, the beam will be subjected to the action of
two or more presses and die sets, one after the other.
These die sets will perform a series of operations on
the web as illustrated in Figures 6a and 6b.

_ The objective of this series of operations is to
form an "added value" second component from the portion
of the web which will be removed and normally discarded.
In the simplest case, such an added value component may
for example be a washer, although this is merely one
example of many different second components which could
be manufactured in this way.

Thus in order to form a washer as a second
component, a first die set might punch a central hole
50, and a circular washer shaped portion 52. The second
die set would punch out a scrap portion 54 to form the .
main opening 28 in the web surrounding the space from
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beans, having the sane flange wi dth and thickness, andPh%EPL Eﬁ'ﬁmpégﬁ b
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X 39mm which the washer had been removed and would form lips 30

around the opening 28 and flatten the remainder of the

web 26.

These various steps are shown separately, but would
5 be performed in two die sets, or conceivably all in a

single die set.

Heating of the web, without heating the flanges is
efficiently performed, as showed in Figures 7 and 8, by
means of upper and lower electrical induction heater

10 elements 56 and 57, connected toc a suitable electrical
power source 58.

Such induction heaters may be located for the sake
of convenience within a suitable enclosure or chamber
schematically indicated in phantom as 14 in Figures 7

15 and 8. ' '

Induction heaters of a suitable heating capacity
will rapidly heat up the reduced thickness web while the
beam is passed directly between them, so that they can
be effectively used in a continuous production line,

20 just up stream of the press. The induction heaters are
of such a design that they will focus the heating effect
directly on the web, without substantially heating the
flanges, so that the web may be reheated to a "hot
forming® temperature, typically of between 500 to

25 1200°c, with only a modest temperature rise in the
temperature of the flanges, due to transmission of heat
from the web to the flanges.

Induction heaters of this type can thus "focus" the
heat directly on a desired portion of a beam. Other

30 forﬁs of heaters such as gas burners or radiant heaters
may also be used.

By way of example, a typical die set for use in a
stationary press is illustrated in Figures 9 and 10. -

It has conventional uppér and lower plates 60 and

35 62 and guide rods 64. The lower die comprises an inner
die portion 66 and an outer die planar forming portion
68, together supported on a platform 70. Lower die
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portion 68 is moveable upwardly and downwardly between
the positions shown in Figures 9 and 10, and is normally
urged upwardly by means of springs 69.The inner die
portion 66 has an inner cutting edge 72, and a generally
5 angled forming shoulder 74. The outer die portion 68 has
a flat forming surface 76.
The upper die consists of a central punch portiocn
78, having cutting edges 80. Spaced therefrom by a space
82, there is an outer planar forming die portion 84,
10 having a rounded forming shoulder 86.
The space 82 is adapted to receive a portion of the
lower inner die 66, as shown in Figure 10. _
An upper die pad 88 supports the inner upper die 78
and the outer forming die portion 84.
15 Suitable fastenings and bolts will hold the various
components together in accordance with well known
practice in the art, and accordingly are not

illustrated. _
It will be noted that when the die set closes
20 (Figure 10) the discard portion, which may be the shape

of the "added value" component 52 (Figure 6a), or may be
the shape of the discard portion shown at 54 in Figure
6b, falls downwardly through the inner lower die 66, the
web having been cut between the cutting edges 72 and 80.
25 As the die closes further, the upper outer forming
die portion 84 forces the remainder of the web
downwardly against the lower outer forming die portion
68, and against the shoulder 74.
The lower die portion 68 moves downwardly (Figure
30 10) compressing springs 69. This flattens the web, and
bends the lips 30 upwardly as shown.
This therefore forms the lips 30 around the
openings. |
Throughout this operation, the two flanges of the
35 beam are left outside the die and are unaffected.
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Spacers 90 may be placed on either side of the
lower outer portion 68 in order to align the beam
relative to the die set.

In order to speed up the operation the stationary
press or presses may be replaced with one or more rotary
presses as disclosed in U.S. Letters Patent No. Re
33,613 Granted June 18, 1991 Inventor: Ernest R. Bodnar.

It has been found that by the practice of the
invention, using a beam with a reduced thickness web and
in which only the web is re-heated, and in which the
flanges are left at a lower temperature during re-
heating of the web, that it is then possible to pass the
beam through a press, or through a series of presses,
either stationary or rotary, with dies forming the web,
without contacting the flanges. The flanges being
straight and rigid and substantially unheated, enable
the beam to be handled, while the web is formed hot,
without the need for any extra support for the beam, or
other special handling egquipment, which would be
required if the entire beam, ie. both flanges and web,
were heated to the web forming temperature. In addition,
by confining the heating only to the web there is a
substantial reduction in operating cost, as compared
with reheating the entire bean.

As an example of the savings that can be achieved
by the invention, the following figures may be compared.

Standard 400mm I-beam (typical)

Flange thickness 8.3mm

Web thickness 6.3mm

Web no openings.

Inproved 400mm I-beam (typical)

Flange thickness 8. 6mm

Web thickness 3=-4mm

Web metal removed at openings, 50% of web by mass.
Standard 600mm I-Beam _(typical)

Flange thickness 1lmm

Web thickness - 8.5mm



10 die portion 114. Forging die portion 114 defines a forging head

- 116. The outer planar formng die portion 112 is slidabl Y,
shoul der 117 on forging die 114. A camfollower 118 is ﬁfé @&ﬁiﬁ'ﬁﬁ i
e
t

bendi ng die 112.

in acamslot 120 in cam bar 122. The outer end of cam Harl 138 MARY e
124, and rides on a fixed abutnent nenmber 126. Abutnent |mgnber 126 is
mount ed on the upper end of post 128, apd is 20 adgpt
in a groove 130 in plate 104. Post 128 is nounted on theg | ower die 102

descri bed bel ow:
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15 Cam fol |l ower 118 has an angl ed jugper end recei

recel ved

Web no openings.
Improved 600mm I-Beam (typical)

Flange thickness ' 1lmm
Web thickness 4 to 5 mm.

Web metal removed at openings, 50% of web, by mass.
Standard soomm I-Beam (typical)

Flange thickness 38mm
Web thickness 21mm
Web no openings.
Improved 800mm I-Beam (typical)

Flange thickness 38mm
Web thickness 5 to 6mm

Web metal removed at openings, 50% of web by mass.
Standard 1000mm Beam (typical)

Flange thickness 21mm
Web thickness i6mnm
Web no openings.
Inproved 1000mm_ T-Beam (typical)
Flange thickness 21mm
Web thickness 6 to 7mm

Web metal removed at openings, 50% of web by mass.

It is not possible to give examples for all
specifications of standard beams and all specifications
of improved beans. '

From these figures it will be seen that ﬁajor
savings in weight are achieved in the 400mm beam, and
that savings are also obtained in the 600, -800, and
1000mm beams.

Thus for example in the 400mm beam, the ratio of
flange thickness to web thickness may be expressed as
follows; )

Standard Beam:

Flange thickness to web thickness
1.5:1

Improved Beam: _

Flange thickness to web thickness
331,



In this way, outer planar formng die portion 112 is Vﬁ
downwar dl y under the control of 25 cam bar 122. Die
normal ly urged into a | ower position by springs (not shoywn). A buffer
portion 132 is secured to the underside of plate 104, and WR8rMARIMNS
outer surface of abutment 126 on the post 128. 30
102 conprises a plate 134, on which is nounted an i nnef
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136, and an outer planar formng die n&gber 138. CQuter {formng die 138

sl i dabl e upwardly and downwardly, and

normal Iy urged upwardly by springs

(not_ shown) si m[ar 14, d0I038e1I8Y132 some tHe°BECEAL Yatrdh i iliveese!
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by the method in accordance with the invention. The
savings are achieved while maintaining substantially the
same load carrying capacity as compared with standard

‘' solid web. beams, having the same flange width and

thickness, and having the same web depth.

The moment resistances of a standard beam and an
improved Beam specimen were calculated by

Mr = Zpln (Fy)

where Zpln is the net plastic section modulus on the
basis of a 200 mm perforation depth and Fy is the yield
strength of the steel.
The moment resistance, Mr of the standard solid web
beam, and the test moment M for the improved beanm
specimen tested are set out below.
Assume Fy = 300MPa -
Standard Beam 400mm (nominal) x 140mm x 39mm
(m = 38.6kg/m; tw = 6.3mm) -

215kN.m
Mr/m = =~—eceee- = 5,57

Improved pierced web beam as tested 400mm nominal x

140mnm ¥ 39mm _
(m = 31 - 4.5° = 26.5kg/m; tw = 3mm) -

Mass reduction of perforations

In accordance with a further feature of the
invention, the lips around the openings can be subjected
to a hot forging operation, substantially simultaneously
with the piercing of the openings and the bending of the
lips.

Such further embodiment is illustrated in the
modified die set shown in Figures 11, 12, 13 and 14.
These illustrations correspond in many ways to the



The | ower cutting die nenber 136 has an inner cutting edge 140, and an
outer die surface 142 having a 17 curved shoul der 1} d% f@q&wlfz
defines a predeterm ned spaci ng between itself and thd ﬁﬁﬂ%t_gﬁ”gace—%4l of
upper formng die portion 112. Inner surface 144 defines a radius aroyng

which the lip of the 5 web will be bent and shapedd.| Toe MARCYAY
bet ween the outer surface 142 of lower cutting die 136, jnd the surfade (144

of the upper formng die 112 is greated6t han -

illustrations of the die sets shown in FiguTes § and 10.

Thus the modified die set comprises an upper male die
100 and a lower female die 102. The upper male die 100
comprises a top plate 104, mounted on upper die pins

5 106. A central pad plate 108 supports an inner male die
100. . '

An outer lip-bending die 112 is also supported on
pad plate 108. Between the inner cutting die 110 and the
outer bending die 112, there is an intermediate forging

10 die portion 114. Forging die portion 114 defines a
forging head 116.

The outer planar forming die portion 112 is
slidably mounted by shoulder 117 on forging die 114. A
cam follower 118 is mounted on outer bending die 112.

15 ~ Cam folléwer 118 has an angled upper end received in a
| cam slot 120 in cam bar 122.

The outer end of cam bar 122 is angled at 124, and
rides on a fixed abutment member 126. Abutment member
126 is mounted on the upper end of post 128, and is

20 adapted to be received in a groove 130 in plate 104.
' Post 128 is mounted on the lower die 102, described
below.

In this way, outer planar forming die portion 112

is moveable upwardly and downwardly under the contrcl of
25 cam bar 122. Die portion 112 is normally urged into a
lower position by springs (not shown).

A buffer portion 132 is secured to the underside of
plate 104, and bears against the outer surface of
abutment 126 on the post 128. |

30 The lower die 102 comprises a plate 134, on which
is mounted an inner cutting die member 136, and an outer
planar forming die member 138. Outer forming die 138 is
slidable upwardly and downwardly, and is normally urged
upwardly by springs (not shown) similar to those shown

35 in connection with the die set in Figures 9 and 10.

The lower cutting die member 136 has an inner
cutting edge 140, and an outer die surface 142 having a



the thickness of the web nmetal. In operation, when the dies 0-0—aaa—10.2

Jo——rrer

* close to 10 their cutting and bendi ng position (Figure {LRERDACEMENT SHEET
web is cut, and the lip is bent substantially as shown in Fi e IT—armd

13. As the upper die continues to close however the upper o r ﬁ%e gﬁnﬁb?n
112 has al ready bottoned out, 15 and cannot nove furthdr.] | tﬁ
bendi ng position (Figure 11) the outer formng die 112 is h

by neans of post 128 engagi ng cam bar 122. However, at the goint indicated
in Figure 11, where the upper formng die 112 has bottonmed out;—Tanmrsurface

20 124 of camrived sheuldemdasledPie suxitacs MAdafinesls,
predetermined spacing between itself and the inner
‘surface 144 of upper forming die portion 112. Inner -
surface 144 defines a radius around which the lip of the

5 web will be bent and shaped. The spacing between the
outer surface 142 of lower cutting die 136, and the
surface 144 of the upper forming die 112 is greater than
the thickness of the web metal.

In operation, when the dies 100 and 102 close to

10 their cutting and bending position (Figure 11 and 13),
the web is cut, and the lip is bent substantially as
shown in Figures 11, and 13.

As the upper die continues to close however the
upper outer die portion 112 has already bottomed out,

15 and cannct move further. In the bending position (Figure
11) the outer forming die 112 is held downwardly by
means of post 128 engaging cam bar 122.

However, at the point indicated in Figure 11, where
the upper forming die 112 has bottomed ocut, cam surface

20 124 of cam bar 122 is adapted to ride on abutment 126,
so that cam bar 122 can slide slightly to the left hand
side (Figure 12), as post 128 rises up into cam slot
120. This movement will then allow die plate 104 and pad
108 and the remaining members connected thereto to

25 descend somewhat further into the closed forged position
as shown in Figure 12 and 14 without the outer forming
die 112 moving any further.

This will then cause the forging head 116 to
descend into the space between surfaces 142 and 144.

30 This will then engage the upwardly angled edge of the
lip, and will force it down into the space between
surfaces 142 and 144.

This will thus forge the edge of the lip, and both
increase the angle of the lip relative to the web and at

35 the same time increase the thickness of the lip beyond .
the thickness of the web, and also somewhat reduce the
depth of the lip.



so that cam bar 122 can slide slightly to the left hand side ( 2)

‘as post 128 rises up into camslot 120. This novenment will the EPKAGBWEWT SHEEF
pl ate 104 and pad 108 and the renmai ni ng menbers connected t her ¢t TO~25—~
descend sonmewhat further into the closed forged position as sh ﬁ;\lﬂ ure
12 and 14 without the outer formng die 112 noving any further hi AR 1997
then cause the forging head 116 to descend into the space bet

ek-surfaces
142 and 144. 30 This will then engage the upwardly angl ed edge of the
lip, and will force it down into the space between surfaces 147 ami—téd—

This will thus forge GhgedgerRbal #Sth! dpeiyPAUrld with forged lips
around the openings thicker than the web, in this
manner, will have greatly increased strength. The
increased angle of bend achieved by the lip will also

5 provide still further strength to the web, and increase
the dimensions of the'opening.

All of these factors can be achieved in a single
die, in a highly advantageous and efficient manner.

Referring now to Figure 15, a beam formed in the

10 modified forging die described above is illustrated in
section.

The modified beam is indicated generally as 150,
and comprises upper and lower flanges 152, of a first
predetermined thickness less than the first, and a web

15 154 of a second predetermined thickness. An opening 156
is shown formed through the web 154, and lips 158 are
shown formed around the opening.

It will be seen that the lips 158 are bent at an
angle of substantially about 90 degrees to the plane of

20 the web 154. In addition it will be seen that the lips
158 have a thickness Lt greater than the thickness of Wt
of the web 154. ’

This increase in thickness of the lips 158, results
from the hot forging of the lips in the manner described

25 - above,

The 90 degree angle of the lips, as well as the
increased thickness of the lips, provides great
additional strength to the web 154.

In addition, it increases the open area defined by

30 the opening 156. This still further improves the
ability of the beam to pass services through the beam.

While the beam illustrated is in the form of an I
beam with a pierced web, it will be appreciated that
many other types of beam sections may be greatly

35 improved in accordance with the invention.

The foregoing is a description of a preferred

embodiment of the invention which is given here by way



the sane .

increase the angle of the lip relative to the web and at 35

tinme increase the thickness of the |lip beyond the thickness d
al so somewhat reduce the depth of the Iip. 18 A web formeg
and with forged Iips around the openings thicker than the wel
manner, wll have greatly increased strength. The increased 4
achieved by the lip wll also 5 provide still further st

web, and increase 19
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rength to fhe

of example only. The invention is not to be

taken as

limited to any of the specific features as described,
but comprehends all such variations thereof as come

within the scope of the appended claims.




the dinensions of the opening. All of these factors can be achieved in a
“single die, in a highly advantageous and efficient manner. Referring nowto

Fi gure 15, -a—beamtormed in the 10 nodi fied forging di d REPCAGCEMEN
abmigoi S i Idl §E“mi “ﬁm‘m The nodified beamis indicdt e-d-—gegﬁre-r-a-lzl-aS,ET
as , an nd | ower flanges 152, of a firgt {predet d
thickness le e f§rst, and a web 15 154 of a sdc d?ﬂ Mfﬁqbgf
predeterm ned thickness. An opening 1 is shown fornmed thrjodgh the web

154, and lips 158 are shown forned around the opening. It wjll be seen that
the |lips 158 arnggnsLat an

1. A method of manufacturing a one piece integral
metailic beam (22) having flanges (24), and a web (26)
joining said flanges, said beam having been hot rolled
5 from a heated metal workpiece (20), to produce an
integral one piece beam having flanges, and a web
extending therebetween, said flanges having a
predetermined first thickness, and said web having a
predetermined second thickness less than said first

10 thickness, and characterized by the steps of;

heating said web (26) to a hot forming temperature;

passing said heated web (26) through at least one
metal forming die set (16) for forming openings in (28)
said web, and planar clamping die portions for

15 flattening said web;

repeatedly closing said at least one die set (16)
on said web (26), without forming said flanges (24),
whereby to form openings (28) in said web (26); and,

clamping said web (26) to flatten said web (26)

20 around said openings (28).

2. A method of manufacturing a beam as claimed in
Claim 1 wherein said step of closing said at least one’
die set (16) on said web (26) forms lips (30) around
said openings (28), at an angle to said web.

25 3. A method of manufacturing a beam as claimed in
Claim 2 wherein said openings (28) are of generally
triangular shape with rounded corners, said openings
being directed alternately towards opposite flanges (24)
of said beam, and said openings defining strut portions

30 (38) therebetween extending in a generally diagonal
fashion from one side of said web to the other, and said
lips (30) extending along either side of said strut
portions (38) whereby to give the same a generally
channel shaped cross-section. '

3s 4. A method of manufacturing a beam as claimed in
Claim 3 and including the steps of forming generally



aﬁgle of substantially about 90 degrees to the plane of 20 t he web
154. In addition it wll be seen that the |lips 158 hav
greater than the-thickness of W of the web 154. This
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of the lips 158, results fromthe hot forging of the Ii I n the manner
descri bed 25 Mwmm, "m degree angle of the lipsg, {aggm hp
I ncreased thick ﬁ"ﬂ mm, provi des great additiofpal st reréggt q”'z) [ h
web 154. In additioh, Tt % néreases the gpen area define v—S6 t+he

opening 156. This st|II further inproves the ability o
services through the beam

triangular indentations (40) in said web at each end of
each of said strut portions (28).
5. A method manufacturing a beam as claimed in Claim 4
wherein said generally triangular indentations (40) have
5 a linear side (42) parallel to a said flange (24), and a
further linear side (42) parallel to one s1de of an
adjacent opening (28), and a curved side (44) adjacent
to a rounded corner (34) of an adjacent said opening,
whereby to define separate strut root portions (46,48)
10 on either side of said triangular indentations (40).
6. A method of manufacturing a beam as claimed in
Claim 1 wherein said web (26) is heated, while
maintaining said flanges (24) at a reduced temperature,
whereby to facilitate handling of said beam when said

the beam to pass

15 web is passed through said at least one metal forming
die set (16) and to facilitate piercing of said web
(28).

7. A method of manufacturing a beam as claimed in
Claim 1 wherein said beam is an I-beam, and said web

20 (26) has a depth of approximately 400mm, and wherein
said flanges (24) have a thickness of between about 8
and 9mm, and said web (26) has a thickness of between 3
and 4mnm.
8. A method of manufacturing a beam as claimed in

25 Claim 1 wherein said web (26) has a depth of
approximately 600mm, and wherein said flanges (24) have
a thickness of between about 11 to 12mm and said web
(26) has a thickness of between 4 and S5mm.
9. A method of manufacturing a beam as claimed in

30 Claim 1 wherein said web (26) has a depth of
approximately 800mm, and wherein said flanges (24) have
a thickness of between about 38 and 39mm and said web
(26) has a thickness of between about 5 and émm.
10. A method of manufacturing a beam as claimed in

35 Claim 1 wherein said web (26) has a depth of
approximately 1000mm, and wherein said flanges (24) have

vJ)

D



Wil e the bean1i|!ustrated isinthe formof an | beamw th a pierced web,

it will be appreciated-that nmany other types of beam secti gng
greatly 35 - IH"'!!HI roved in accordance with the invention. T?SHE’?@@@MRWEJ

a descriptio lﬂm papenbodi ment of the invention wjidh is given
here by way MEmﬁnly. The invention is not tolbg tRBMARI997
limted to any of the 'Spécific features as described, but dodprehends al

such vari ations thereof as cone 22

a thickness of between about 21 and 22mm and said web

(26) has a thickness of between about 6 and 7mm.

il1. A method of manufacturing a beam as claimed in

Claim 1 wherein said flanges (24) have a thickness of T
5 and said web (26) has a thickness of t and wherein the

ratio of T:t is about’'3:1 or greater.

12. A method of manufacturing a beam as claimed in

Claim 2, and including the step of hot forging said lips

(30), whereby to increase said angle of said lips (30)

10 relative to said web (26), and also to increase the
thickness of said lips (30) relative to said web.

13. A method of manufacturing a beam as claimed in
Claim 1 and further including the steps of forming
portions (52) of said web (26) within said openings

15 (28), pfior to removal of portions of said web from said
openings, whereby to form an added value product (52)
from said web, and, subsequently removing portions (54)
of said web around said added value product, to form
said openings (28) therethrough.

20 14. A method of manufacturing a cne piece integral
metallic beam having flanges (24), and a web (26)
joining said flanges, and being characterized by;

hot rolling a heated metal workpiece (20), to
produce an integral one piece beam (22) having flanges

25 (24), and a web (26) extending therebetween, said
flanges having a predetermined first thickness T, and
said web having a predetermined second thickness t less
than said first thickness, and wherein the ratio of T:t
is 3:1 or greater;

30 re-heating said web (26) to a hot forming
temperature; passing said heated web (26) through at
least one metal forming die set (16) having planar
clamping die portions (84) for flattening said web,

' repeatedly closing said at least one die set (16)

35 on said web (26), without forming said flanges (24),

whereby said planar clamping die portions (84) flatten
said web.



ne metal li c bean
fl anges (24)—anda web (26) joining said flanges, said beam Having been
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hot rolled 5 E“'ted metal wor kpi ece (20), to prdddced8rMAR 1997
I nt egral ons\“\m“m mm ng flanges, and a web extendi ng |t Her ebet ween,
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said flange g an S

within the scope of the appended cl ai ns. REPLACEMENT SHEHT . :
A met hod of manufacturing a one piece integral Fgggwjﬁ!m‘-,ngs'ifﬁ

23

15. An apparatus for manufacturing a one-piece integral
metallic beam having flanges, and a web joining said
flanges, said beam having been hot rolled from a heated
metal workpiece (22), said apparatus being characterized
5 by;
heating means (56,57) for heating said web (26),
without substantially heating said flanges (24); _
at least one metal die forming set (16), in turn
comprising;
10 ' a piercing die portion (78) for piercing an opening
(28) through said heated web (26);
a bending die portion (72,80) for bending lips (30)
around said opening (28); and, '
flattening die portions (68,84) for engaging said
15 web (26) around said lips (30), and flattening said_web
(26),
whereby to pierce openings (28) through said web
(26) at spaced intervals, and to bend lips (30) around
said openings (28), and to flatten the remainder of said
20 web between said flanges.
16. An apparatus as claimed in Claim 15 and wherein said
heating means (56) comprises induction heating means
(56,57,58) spaced apart from one another, and adapted to
receive said web (26) of said beam therebetween, and to
25 focus heat on said web (26), with said flanges (24) of
said beam being outside said induction heating means,
whereby to avoid substantial heating of said flanges.
17. An apparatus as claimed in Claim 16 and including
secondary component die means (72,78) for forming a

30 secondary component (52) from said web (26), within said
opening (28), prior to piercing of said opening through
said web. '

18. A metal piercing, forming and forging die, and
being characterized by; | '

35 a piercing die portion (110), for piercing an
opening (28) in a metal workpiece (26);



predeternmined first thickness, and said web having a predefernmet—second
*t hi ckness | ess—than said first 10 t hi ckness, and char %céézBMEEME%D SHEET
steps of; heating said web (26) to a hot form ng tenperatufe] passing sal

et AR 37 12 5 B [0

flattening said web répeat edl yf closing said at |east one i
said web (26), without form ng said flanges (24), whereby fo form openi ngs

(28) in said web (26); and, clanping saikd web (26) to flatten sard WeD (Z20)

20 around sai d QpPESNIAg(d8e- portion (136) for bending a portion
(36) of said metal workpiece alongside said opening
(28), and,
a forging die portion (116) between said piercing
5 die portion and said fprming die portion, said forming

die portion being moveable relative to said forging die
portion.



2. A nethod of manufacturing a beamas clained in Caim1 wherein said step

of closing said at | east one die set (16) on said web (26) fo '

around said openings (28), at an angle to said web. 25 3 REPLA W%HEET
of  manufacturing a beamas clainmed in Caim2 wherein said open nas (28)
are of generally triangular shape with rounded corners, said nD8yMARC1997
directed alternately towards opposite fI%ﬁges (24) of said b and said
openi ngs defining strut portions 30 (38) therebetween extending 1n a

general |y di agonal fﬁﬁl fr iilﬂf Tﬂ?ﬂ F\"ﬁﬂlﬁﬂ?t said
lips (30) extending a ong%é‘lr"[@rﬁ%?‘de t'Qi'fal s%r ut portﬁ ons

38) - wher eby
to give the sane a generally

ABSTRACT

A method of manufacturing a one piece integral
metallic beam (22) having flanges (24), and a web (26)
joining said flanges, the beam having been hot rolled from
a heated metal workpiece (20) to produce an integral one
piece beam having flanges and a web extending therebetween,
the flanges having a predetermined first thickness, and the
web having a predetermined second thickness less than the
first thickness, and in which the web is heated to a hot
forming temperature, without substantially heating the
flanges and, the web is passed through at least one metal
forming die set (16), which is repeatedly closed on the web
to form the web without forming the flanges. The method may
also include the piercing of openings (28) through the web,
and the forming of lips (30) around the openings, and also,
the forming of a secondary product (52) from the portion of
the web discarded from the opening, and also hot forging
lips (30) around the openings. Also disclosed is apparatus
for carrying out the method, and a forming and forging die
for both forming and forging a metal workpiece.

Figure 1



channel shaped cross-section. 35 4. A met hod of manufacturing a beam
as claimed in daim3 and including the steps of form ng generally 21

' triangul ar indentations (40) in said web at each end of leaq Lf rd :
portions (28). 5. A nethod manufacturing a beam as claine?EEng%%gﬁg;ﬁﬂg?uq
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wherein said generally triangular indentations (40) havd §
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adj acent opening (28), and a curved side (44) adjacent to
(34) of an adjacent said opening, whereby to define separ tRfPtt\GEMENTOGHEET
portions (46, 48) 10 on either side of said triangula
(40). 6. A met hod of manufacturing a beamas clained in agrg b“ﬁﬁ?' N
said web (26) is heated, while maintaining said flanges (p4) at e eq
tenperature, whereby to facilitate handling of sai d beam ' ,
web is passed through said at |east ogglﬁet form ng diefset (16) and to
facilitate piercing of said web (28) A met hod of ma
as claimed in aim1l wherein said beamis an |I-beam and said
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20 (26) has a depth of approximtely 400mm and wherein said flanges
(24) have a thickness of between about 8 and 9nm and safd .
REPLACEMENT ShEe?

t hi ckness of between 3 and 4nm 8. A nethod of manufactugipg
clainmed in 25 Caim1l wherein said web (26) has a depih of
approxi mately 600nm and wherein said flanges (24) have @ {hiQS&MAR: 1997
bet ween about 11 to 12nm and said web (26) has a thickneg$sjof between 4 and
5mm 9. A nethod of manufacturing a lzgam as clainmed in 80 Tarml

wherein said web (26) has a depth of approximately 800mmi_and wherein saidi
flanges (24) have a thicknegs—ofhetween about 38 and 39mm gpd sgid web
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(26) has a thickness of between about 5 and 6mm 10. A nethod of
"manuf acturing a beamas clained in 35 Caim1l wherei aid web (26)
has a depth of approximately 1000nm and wherein said fla 9

thickness of T 4/10




5 and said web (26) has a thickness of t and wherein the ratio of T:t
-is about 3:1 or greater. 12. A nethod of manufacturing a beamas clained in
Claim 2, and including the step of hot forging said lips (30), whereby to

i ncrease said angle of said lips (30) 10 relative | b

and also to increase the thickness of said lips (30) r
13. A nethod of manufacturing a beamas clained in C
i ncluding the steps of formng portions (52) of said o ( i.thin [
openi ngs 15 (28), prior to removaP/t® portions of ai@sggghfﬁﬂﬁ1 aifd
openi ngs, whereby to form an added val ue product (52) }f frem-sald web,
subsequent|ly renoving portions (54) T

56 14 22a
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of said web around said added val ue product, to form said openings (28)

-t heret hrough. 20 14. A nethod of manufacturing a one piece integral

metal | i c beam having flanges (24), and a web (26) joining said flanges, and
bei ng characterized by; hot rolling a heated netal workpieceg
produce an integral one piece beam (22) having flanges 25
web (26) extending therebetween, said flanges having a predgt gr
thickness T, and said web having a predgtgym ned second thi
than said first thickness, and wherein the ratio of T:t isf3f1
30 re-heating said web (26) to a hot formng
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t enper at ur e;

passi ng said heated web (26) through at | east one netal

-formng die set (16) having planar clanping die portions (84) for

flattening said web,
on said web (26),

clanping die portions (84) flatten said web.

repeatedly closing said

manuf acturing a one-piece integral netallic beam havin

joining said -

wi thout form ng said flanges (24),

at | east di-e-set (18) 37
erﬂiﬂwamampsnwr
23 15. jATapparatus—t
f wib

| 39 8eRAR 96 2
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flanges, said beam having been hot rolled froma heated netal workpiece
'(22), said apparatus being characterized 5 by; heating neans (56, 57)
for heating said web (26), w thout substantially heating said flanges (24);
at | east one netal die formng set (16), in turn conpri si :

web (26); a bending die portion (72,80) for bending lips
opening (28); and, flattening di'e portbgqﬁ (68,84) for eng
web (26) around said lips (30), and flattening said web
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(26), whereby to pierce openings (28) through said web (26) at spaced
“intervals, and to bend |ips (30) around said openings (28), and to flatten
t he remai nder of said 20 web between said flanges. 16. An apparatus as

claimed in Caim115 and wherein said heating neans (56) c i nducti on
heati ng neans (56, 57,58) spaced apart from one anot her, CRMMMFNT‘S .
receive said web (26) of said beamtherebetween, and to 25 ~ae4lS ﬁgErt

on said web (26), with said flanges (29)1ef said beam beijng o bsi de said
i nducti on heating neans, whereby to avoid substantial hedti ngH fMAR; 1997
flanges. 17. An apparatus as clained in daim16 and incl uding

—




e ———

secondary conponent die neans (72,78) for formng a 30 secondary
“conponent (52) fromsaid web (26), within said opening (28), prior to
pi erci ng of said opening through said web. 18. A netal piercing, formng

and forging die, and being characterized by; 35 a piercing die
portion (110), for piercing an opening (28) in a netal ' EET
24 a formng die portion (136) for bending a portion REPLA
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(30)

of said netal

wor kpi ece al ongsi de sai d opening (28)
die portlpn (116) between said piercing 5
di e portion,

fo,pgl ng die p(pt.,i-n

said formng die portion being noveable relative
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(57) Abstract

A method of manufacturing a one piece integral metallic bcam (22) having flanges (24). and a web (26) joining said flanges, the
beam having been hot rotled from 2 heated metal workpiece (20) to produce an integral one piece beam having flanges and a web extending
therebetween, the flanges having a predetermined first thickness, and the web having a predetermined second thickness less than the first
thickness, and in which the web is heated to a hot forming temperature, without substantially heating the flanges and, the web is the passed

_through at least one metal forming die set (16), which is fepeatedly closed on the web to form the web without forming the flanges. The

method may aiso include the piercing of openings (28) through the web, and the forming of lips (30) around the openings. and also, the
forming of a secondary product (52) from the portion of the web discarded from the opening, and also not forging the lips (30) around the

openings. Also disclosed is apparatus for carrying out the method,

workpiece.

and a forming and forging die for both forming and forging a metal




