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HYDROFORMING OF A TUBULAR BLANK HAVING AN bVAL
’ CROSS SEC'I‘ION AND HYDROFORMING APPARATUS
Field of Invention

The present invention relates generally to hydroforming methods and die assemblies,
and more particularly to a hydroforming method and die assembly for hydroforming a tubular
metal blank in a manner which avoids the need for a pre-crush operatlm fori msertmg the blank
into the die cavity. :

Background of the Invention

Hydroforming methods are commonly known as a means for shaping a tubular metal
blank having a circular cross section into a tubular component hhvihg a predetermined desired
configuration. In particular, a typical hydroforming operation involves the placement of a '

- tubular metal blank having a circular cross section into a die cavity of a hydroforming assembly
‘and providing high pressure fluid to the interior of the blank to cause the blank to expand

outwardly into conformity with the surfaces defining the die cavity. More particularly, the
oppos'ite longitudinal ends of the tubular metal blank are sealed by hydraulic rams, and high
pressure hydroforming fluid is provuded through a port formed in one of the rams to expand the
tubular blank.

Typically, the tubular blank having the circular cross-section is roll formed from sheet
metal into its initial configuration. The roli formed tubular blank must then be placed into the
hydroforming die cavity, typically having a boxed, rectangular, or irregular cross-section.
Because the circumference of a circular tubular blank that would fit easily into the die cavity is
significantly less than the circumference or cross-sectional perimeter of the surfaces defining the
die cavity, significant expansion of the blank would be necessary to conform the blank to the die
cavity. Such significant expansion may cause significant wall thinning of the tubular blank, so
that a blank of substantial initial waa;ll thickness would be required. Moreover, if such significant
expansion is required, it becomes more difficult for the blank to conform into the corners within
the die cavity. To minimize the amount of expansion necessary and to provide a tubular blank
that has a circumference that initially conforms more closely to the cross sectional perimeter of
the die cavity, it has been a conventional practice to provide a tubular blank having circular
cross-sectional diameter that is greater than the width of the die cavity and to crush the tube
diametrically in a pre-crush station to enable the tube to be initially placed into the relatively
narrow die cavity. The pre-crush opetation, however, is costly in that it requires dedicated
machinery and is time consuming. It is object of the present invention, therefore, to
eliminate the need for the costly pre-crush operation while using a tubular blank that conforms
better to the contours of the die cavity. This object is achieved in accordance with the principles
of the present invention by a method of foﬁning an elongated tubular metal member having a
cross-sectional configuration such that it includes a first cross-sectional dimension which is
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greater than a second cross-sectional dnnensron orthogonal to the first cross-sectional dimension
along an extent thereof. The method utilizes a die assembly havmg f' rst and second die
structures having surfaces cooperab]e to define a die cawty havmg a ﬁrst cross-sectional
dimension which is greaterthan a second cross-sectlonal dtmensron generally orthogonal to the
first cross-sectional drmens:on The method compnses i) roll-formmg sheet metal to form a
tubular metal blank havmg an oval cross—sectlon, the oval eross-sectlon including a major axis
along a greater diameter thereof and a minor axis along a smaller arneter thereof, the major and
minor axes being generally orthogonal to one another; ii) placmg etubular metal blank into
the second die structure, the second die structure being conmucﬁd d arranged to receive the
tubular metal blank havmg the oval cross-sectxon without drstortl_ 1 the tubular metal blank from
its oval cross-section, the tubular metal blank being placed mto_thl' :"second die structure such that
the major axis of the oval cmss-sectton thereof extends in generally the same direction as the first

cross-sectional dimension when the first and second die structures cooperate to form the die
cavity and such that the mmor axis of the oval cross-section thereof extends in generally the

- same direction as the second cross-sectlonal drmensron of the die « cavrty when the first and

second die structures cooperate to form the die cavity; iii) engagmg opposnte ends of the tubular
metal blank with tube-end engagmg structures so as to subslantlallj seal opposite ends of the
tubular metal blank, and 1v) mjectmg ﬂuld under pressure into the .tubular metal blank placed in
the die cavity to expand the _tubular metal blank into conformlty wrth the surfaces defining the
die cavity. | i i |

The object is also achleved in aocordance w1th the prmclples of the present invention by
an apparatus for forming a tubular metal blank into an elongated tubular metal member having a

. substantially box-shaped transverse cross-section along an extent thereof The apparatus

.!F. cavity, the die cavity -
having a substantially boxéshaped surface configuration and bein:g_.ccnsn'ucted and arranged to

- receive the tubular metal blank havinga generally oval cross-sectxon. Clamping structures are

pOSltloned on opposite ends of the die cavity and consl:ucted and arranged to securely clamp
spaced-apart portions of the tubular metal blank. 'l'he clamping struclm'es present clamping -
surfaces defining a generally oval surface configuration generally conformmg to.a generally oval
outer peripheral surface of the tubular metal blank. ‘The apparatus further comprises tube-cnd
engaging structure constructed and arranged to engage and substanttally seal opposite ends of the
tubular metal blank, the tube-end engagmg structure presenting a generally oval outer surface
conﬁguratron conformmg to a generally oval inner penpheral surface of the tubular metal blank.

_ The object is also achleved in accordance with the pnncrples of the present invention by
provrdmg amethod of formmg an elongated tubular metal member, ﬁte elongated tubular metal
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cavity with a shape geherally cornesp'onding to a shape of the of fhe elongated tubular member.
The cross-section of the elfigated tubular member and hence ofthe die cavity has a relatively
larger dimension thereof transverse to a relatively smaller dimension thereof. The method

comprises: i) placing a tubular metal blank having a generally oval cross-section into the die
cavity and orienting the tubular metal blank such that a relatively larger cross-sectional
dimension of the generally oval cross-section extends generally in a direction of the relatively
larger cross-sectional dimension of the die cavity and such that a relatively smaller cross-
sectional dimension of the generally oval cross-section extends generally in a direction of the
relatively smaller cross-sectional dimension of the die cavity; ii) engaging and sealing opposite
ends of the tubular metal blank; and iii) injecting fluid under pressure into the tubular metal
blank so as to expand the tubular metal blank into conformity with the surfaces defining the die
cavity and thereby transform the tubular metal blank into the elongated tubular metal member.
Brief Description of the Drawings

FIG. 1 is an exploded perspective view showing upper and lower die structures of a
hydroforming die assembly in accordance with the prihciples of the present invention;

FIG. 2 is a side plan view showing the longitudinal end of a hydroforming die assembly
in accordance with the present invention with an oval tubular blank positioned into the lower die
structure and the upper die structure in the raised or opened position;

FIG. 3 is a plan view similar to that of FIG. 2 showing the hydroforming die assembly of
the present invention with a tubular blank positioned in the lower dle structure and the upper die
structure in a lowered or closed position; -

' FIG. 4 is a cross-sectional view through the middle of the die assembly, and an oval
shaped tubular blank positioned within the lower die structure and the upper die structure in the
raised or fully open position;

FIG. 5A is a longitudinal sectional view, of the hydroforming die assembly, in
accordance with the present invention, showing the upper die structure in a fully raised position,

* an oval tubular blank'positioned within the lower die structure, and hydrofonning cylinders

sealingly inserted into opposite ends of the oval tubular blank;

FIG. 5B is a longitudinal sectional view, of the hydroforming die assembly, in
accordance with the present invention, showing the upper die structure in a fully lowered
position, an oval tubular blank positioned within the die cavity defined by the upper and lower

die structures and the fixed die structure, and ﬂmd m_;ected into the interior space of the oval

tubular blank;

FIG. 6 is a sectional view Sliowing'the next step in the hydroforming process in
accordance with the present invention wherein the upper die structure is in the fully lowered
position and an oval shaped tubular blank positioﬁéd within the lower die structure;
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FIG. 7 is a sectional view showing the next hydroforming step wherein the upper die
structure is in the fully lowered position and an oval shaped tubular blank to be hydroformed is
slightly deformed orcrushed by relative movement of the die structures and

FIG. 8 is a sectional view showing a subsequent hydroformmg step in which fluid under .
pressure expands the tubular blank into conforrmty with the die cavnty
Detailed Description of The Inventlon . e

Shown generally in FIG 1 isa perspective view of a hydrofonnmg die assembly. -

" generally indicated at 10 i in. accondance with the present inventior The hydroforming die

assembly 10 includes fi rst and second die structures More partlcularly, the first die structure

comprises a movable upper die structure 12, whlle the second dle su'uctm'e comprises a movable .

lower die structure 14 and a fixed die structure 16. The die assembly further comprises a fixed
base 18 on which the fixed die structure 16 is mounted. A pluralxty of pneumatic or nitrogen
spring cylinders 20 mount the lower die structure 14 for movement on the fixed base 18. The
upper die structure 12, lower die structure 14, and fixed die- structure 16 cooperate to define a
longitudinal die cavity therebetween, havmg a substantrally box-shaped cross section as will be
described herein. Preferably, the upper die structure 12, lower dle structure 14, fixed die structure
16, and fixed base 18 are each made of an appropriate steel materlal such as P-20 steel.

As shown in FIG. 1, the upper die structure 12 defines a palr of cradle areas 22 at
opposite longitudinal ends thereof The cradle areas 22 are shaped and arranged to receive and
accommodate upper clampmg structures 26, at opposrte longltudmal ends of the upper die .
structure 12. Particularly, the clamping structures 26 are each connected to the upper die
structure 12 at the respectlve cradle areas 22 by a pluralxty of pneumatlc spring cylinders 24
which permit relatlve vertlcal movement between the clampmg structures 26 and the upper die
structure 12, ' e :

. The lower d1e structure 14 has s:mllar cradle areas 30 at opposxte longmldlnal ends
thereof whlch are constructed and arranged to accommodate lower clampmg structures 28 ina
similar fashion. As shown, the longitudinal ends, indicated at 15 formmg cradle area 30 of the
lower die structure 14 have a generally U-shaped configuration. -

The lower clampmg structures 28 each have an arcuate, generally parabohc upwardly
facing surface 34. More particularly, each surface 34 has a cross-sect:onal configuration that
defines one-haif of an oval The surfaces 34 are constructed and arranged to engage and cradle
the underside of a tubular blank 40 (see FIG. 2) havmg an oval cross-secnon and placed in the
lower die structure. Each of the arcuate surfaces 34 of the lower clampmg structures 28 extend
longitudinally inwardly toward the central portlons of the hydroformmg die assembly 10 when
they graduaily transition mto a substantially rectangular or box U-shaped surface conﬁguratlon
35.
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The upper two clamping structures 26 are substantially identical to the lower clamping
structures 28 but are inve

d with respect thereto. More pamcu

ly, each upper clamping

Frms

structure 26, has an arcuate;"’gener'ally parabolic, downwardly facmg surface 36 which transitions
into an inverted box U-shaped surface configuration 37. The arcuate surfaces 36 each have a
cross-sectional configuration that defines the other half of an oval. As shown in FIG. 2, the
arcuate surface 36, of each clampihg structure 26, cooperates with arcuate sﬁrface 34, of the
respective lower clamping structures 28, to form an oval clamping surfaces that capture and

* sealingly engage the opposite ends of the oval tubular blank 40 when the upper die structure 12 is

initially lowered.

" As can be appreciated from FIGS. 4 and 5A, the upper die structure 12 defines a
longitudinal channel 38 having a substantially inverted U-shaped cross section. The channel 38 is
defined by a downwardly facing, generally horizontal longitudinally extending surface 44, and a
pair of spaced, 10ngitudiﬁa|ly extending vertical side surfaces 43, which-extend parallel to one
another from opposite sides of surface 44. '

The lower die structure 14 has a central opening 42 extending vertically therethrough,
between the U-shaped longitudinal ends 15. Interior vertical surfaces 41 in the lower die
structure 14 define the aforementioned central opening 42. More particularly, a pair of
longitudinally extending side surfaces 41, define the lateral extremities of the opening 42. The
surfaces are vertically disposed in parallel facing relationship with one another. The U-shaped
end portions 15 of the lower die structure 14, define the longitudinal éxtremities of the opening
42, and have interior surfaces (not shown) vertically disposed in parallel facing relation to one
another. '

The fixed base 18 is in the form of a substantially rectangular metal slab. The fixed die
structure 16 is affixed to an upper surface 46 of the fixed base 18. The fixed die structure 16 is an
elongate structure which extends along a major portion of the length of the upper surface 46 of
the fixed base 18, generally along the transverse center of the fixed base 18. The fixed die
structure 16 projects upwardly from the fixed base 18 and has substantially vertical side surfaces
48 on opposite longitudinal sides thereof. The fixed die structure 16 is constructed and arranged
to extend within the opening 42 in the lower die structure 14, with fnihimal clearance between
the generally vertical surfaces 48 of the fixed die structure and vertical surfaces 41 of the lower -

"die stricture 16. Similarly, there is minimal clearance between the interior transverse side

surface of end portions 15 of the lower die structure 14 and the vertical end surfaces 49 of the
fixed die structure 16. The fixed die structure 16, further includes an upwardly facing generally
arcuate, horizontal, and longitudinally extending die surface 50, which is constructed and
arranged to extend in spaced facing relation to the longitudinally extending die surface 44 of the
upper die structure 12. S o
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‘As can best be seen in FIG. 6, the aforementioned side surfaces 41, the upwardly facing
surface 50, the side surfaces 43 and downwardly facing surface 44 cooperate to provide a die
cavity 52, having a generally rectangular shaped cross sectional eo__nﬁgu.ratlon substantially
throughout its longitudinal extent. This die cavity \;Q_ill forma hytlrefonned part having a
substantially closed box cross-sectional configuration. The closed box cross-sectional -
configuration is preferably aquadrilateral such as a generally rectangular configuration, but may
be some other closed, contmuous combination of planar and/or curved surface facets.

FIG. 4 shows the upper die structure 12 in an opened or ratsed position with respect to
the lower die structure 14 and fixed base 18. In this position the hy_d_rofonmng die assembly 10
enables the oval tubular blank 40 to be placed_ within-the lower dle structure 14. lt can be
appreciated from FIG. 5A that the oval t_ubular blank 40 to be hydrefenned is suspended at
opposite ends thereof by the lower clamping : strueturee 28t extenrl :elightly above the upper
surface 50 of the fixed die structure 16 when the tubuiar blank 40 i is flrst placed in the
hydroforming die assembly 10. = .

~ When the blank is placed in the lower die structure 14, opposlte ends of the blank 40 rest
upon the respective surfaces 34 of the lower clamping structures 2__8 at opposite ends of the lower
die structure 14. Preferably, the surfaces 34 are constructed and arranged to form an interference
fit with the lower portion of the _rcspeetive:oppesite- ends _ot' the ti;lla_ular_bla'nk 4.

_ Subsequen_tly, the upper die structure 12is _lewer_ed S0 that _t;l_1_e upper clamping structures

26 which are initially helrl in the extended positlon'by pneumatie- 'cylinders as shown in FIG. 2, is
lowered as shown in FIG. 3 so that surface 36 forms an interference fit with the upper portion of
the respective opposite ends of the tubular blank 40. At this point, both opposite ends of the
tubular blank are captured between clamps 26 and 28 before the upper die structure 12 is lowered

_ to its closed position..

In accordance with the method and apparatus of the prwent invention, the tubular blank
40 is provided with an oval cross-sectional configuration by a conventronal roll-forming

_ operatxon. More pamaularly, sheet metal is rolled until the longrtudmal edges of the sheet metal

meet to provide an oval configuration. The meetmg edges are then seam welded to complete the
wbular blank. Prov:dmg a tnbular blank having an oval cross-sectton is advantageous in
comparison with the conventlonal cucular cross-section because it provrdes a circumference that
conforms more closely to the final cross sectional penmeter of the. generally rectangular (not
square) cross-sectional shaped die cavity 52. 'I'hus, less expansion of the blank 40 is required
when expandmg the blank i lnto conformity with the surfaces formmg cavity 52.

It will be appreciated by those skilled in the art that the closer conforrmty of tube 40 and
cavity surfaces allows the tube to be more easlly expanded into the coners of the cavity 52,
where expansion becomes most difficult due to the increasingly ﬁ‘retlonal surface contact
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between the exterior surface of the tube and cavity surfaces during expansion of the tube 40. In

-been possible to provide a circular cross-sectional tubular blank with
a cross-sectional perimetér ‘that conforms closer to the die ca’vi&' tross-sectional perimeter by
providing a circular cross-sectional diameter that is greater than the width of the die cavity 52
and crushing the tube laterally in a pre-crush station to enable the tube to fit in the lower die
structure. However, the pre-crish operation is costly in that it requires dedicated machinery and
is time consuming. Use of an oval tubufar blank enables the blank to fit in the lower die
assembly, while providing a sufficient amount of metal in the die cavity without the necessity of
a pre-crushing operation. '

The roll formed tubular metal blank 40 is to be hydroformed into an elongated tubular
metal member (see reference numeral 76 in F1G. 8) that has a cross-sectional configuration such
that it includes a first cross-sectional dimension (e.g., the distance between the horizontal walls of
member 76 in FIG. 8) which is greater than a second cross-sectional dimension (e.g., the distance
between the vertical walls of member 76 in FIG. 8) orthogonal to the ﬁrsi cross-sectional
dimension along a predetermined longitudinal extent thereof. This results from the fact that the
first die structure 12 and the second die structure 14, 16 have surfaces cooperable to define a die
cavity 52 having a first cross-sectional dimension (e.g., a vertical dimension of a length between
surfaces 44 and 50) which is greater than a second cross-sectional dimension (e.g., a horizontal
dimension of a relatively shorter length between surfaces 41, or between surfaces 43) generally
orthogonal to the first cross-sectional dimension. -

As inherent with any oval, the oval cross-section of the tubular blank includes a major
axis along a greater diameter thereof and a minor axis along a smaller diameter thereof, the
major and minor axes being generally orthogonal to one another. As shown in FIG. 4, the
tubular metal blank 40 is placed into the second die structure 14,16. As also shown, the second
die structure 14, 16 is constructed and arranged to receive the tubular metal blank 40 without
distorting the tubular metal blank from its oval cross-section. As shown in FIG. 6, the tubular
metal blank 40 is placed into the second die structure 14, 16 such that the major axis of the oval

- cross-section thereof extends in generally the same direction as the first, longer cross-sectional

dimension (e.g., extending between surfaces 44 and 50) when the first die structure 12 and
second die structure 14, 16 cooperate to form the die cavity 52, and such that the minor axis of
the oval cross-section thereof extends in generally the same direction as the second, shorter
cross-sectional dimension (¢.g., extending between opposing surfaces 41) of the die cavity 52
when the first and second die structures cooperate to form the die cavity.

Now as can be seen in FIG. 5A, the oval blank 40 is substantiaily rigidly held in place to
permit tube-end engaging structures, such as hydroforming cylinders or rams R, to be
telescopically and sealingly inserted into both opposite ends of the tube 40, The rams R
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preferably have an oval outer surface configuration that conforms to the inner peripheral surface
of the blank 40. The hydroforming cylinders preferébly pre-fill, but do not pressurize to any
large extent the oval blank 40, with hydraulic fluid (preferably water) as indicated by reference
character F, before or simultaneously with the continued lowering of the upper die structure 12.
Although the pre-filling operation is preferred to reduce cyc'le times, and to achieve a more
smoothly contoured part, for some apphcatlons the upper die structure 12, may be fully lowered
before any fluid is provided internally to oval blank 40. S

~ Asshown in FIG. 4, the upper die structure 12 preferably includes a pair of laterally

spaced parallel ridges 72 projecting downwardly from opposite sxdes of the upper die cavity 38
_and extend along the length of the upper die structure 12, When the upper die structure 12 is -

lowered, the ridges 72 are brought into engagement with an upper die surface 74, of the lower die
structure 14 on opposite sides of the opening 42 so as to close and seal the die cavity 52 as shown
in FIG. 6. The ridges 72 form a robust seal that can withstand extremely high cavity pressures of
over 10,000 atmospheres. . _ . : . :

As can be appreciated from FIGS. 6 and 7, aﬁer the initial engagement of the ridges 72
with the die surface 74, «continued movement of the upper die structure 12 downwardly causes
the lower die structure 14 to be forced downwardly therewith agamst the force of pneumatic
spring cylinders 20. The oval blank 40 is hkewnse moved downwardly with the die cavity 52.
During this continued downward movement of the upper die structure 12 and lower die structure
14, the die surface 44 of the upper die structure 12.is moved toward the die surface 50 of the
fixed die structure 16 so as to reduce the size of the die cavity 52 while maintaining a substantial
peripheral seal in the cavity. This arrangement, wherein the die cavity is closed and scaled
before the size of die cavity 52 is reduced to cru_s_h' the tube in thﬁ;-diQ prevents pinching of the
tube, as can be appreciated from Patent Application Serial No. 08/91 5,910, hereby incorporated
by reference. The present invention does contemplate, however, that some crushing of the tube
may occur pnor to the upper die structure 12 engagmg the lower dxe structure 14, .

When the lower portion of oval blank 40 engages die surface 50, continued downward
movement of the die stmct_ures 12 and 14 causes the oyal blank 40, t,o deform. More specifically,
when lower die surface 50 and upper die surface 44 communicate with upper and lower arcuate
surface portions of uval_b_lank 40, continued downward movement uf die structures 12 and 14
cause die surfaces 50 and 44 to move inwardly toward each other, This forces the arcuate ends
of the oval blank 40 to flatten and bend inuyardly causing the oval blank 40 to be slightly
crushed. ‘This slight crushing of the oval blank 40 is performed so as to provide a circumference

that conforms more closely to the final cross sectional perimeter of the boxed shaped die cavity

52. The blank is preformed along its longltudmal extent as shown in FIG. 5B. Because the oval
blank 40 is preferably pre-ﬁlled with hydrauhc ﬂmd before this crushmg, wrinkles in the tube
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resulting from crushmg are generally avoided and a generally smoothly contoured hydroformed
part can be formed.

- As shown in FI&isz,‘wiﬂi the upper and lower die strictures 12 and 14 in a fully lowered
position, the hydraulic fluid inside the slightly crushed oval blank 40 is pressurized by the
hydraulic system through one of the ends of the oval blank 40. During the hydroforming
expansion of the oval blank 40, the fluid F is pressurized to an extent sufficient to expand the

“oval blank 40 radiaily outwardly into conformity with the die surfaces defining the generally

boxed cross-section of die cavity 52. Preferably, fluid pressure between approximately 2000 to
3500 atmospheres is used, and the blank is expanded so as to provide a hydroformed part having
a cross sectional area which is approximately 10 % or more greater than that of the original oval
blank 40. In addition, it is preferred that the longitudinal ends of the tube be pushed inwardly
toward one another to replenish the wall thickness of the tube as it is expanded.

It can be appreciated that by utilizing a roll-formed, oval tubular blank for the
hydroforming process, rather than a roll-formed cylindrical tubular blank, considerable savings is
achieved due to the elimination of the pre-crush step and the oval tube can be utilized through the
hydroforming steps without any interruption in the process. This reduces the required cycle time
in that it eliminates the necessity of a pre-crush step while providing a sufficient amount of metal
in the die cavity to form the blank into a desired final configuration.

- It should be appreciated that the present invention contemplates alternate embodiments
wherein the die cavity may be closed before it is sealed. Otherwise stated, the die cavity within
the die assembly may be completed by haying a cross-section bounded by adjoining surfaces,
before the upper die structure contacts the lower die structure. In such an embodiment, for
example, the upper die structure would be provided with a longitudinal projection rather than the
channel 38. In addition, the longitudinal channel formed in the lower die structure 14 into which
the tubular metal blank would be deeper to enable the longitudinal projection to enter the channel
and thereby close the die cavity without the longitudinal projection contacting the tubular metal
blank. The longitudinal projection may optionaily thereafter contact the blank, either before or
after the upper die structure contacts the lower die structure. It is also contemplated that the
lower die structure may comprises a unitary fixed structure, rather than a combination of a
movable and fixed structure as shown.

It should be appreciated that the foregoing detailed description and accompanying
drawings of the preferred embodiment are merely illustrative in nature, and that the present
invention includes all other embodiments that are within the spirit and scope of the described
embodiment and appended claims.
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WHATIS CLAIMED IS: o .
1. A method of forming an elongated tubular metal memoer having a cross-sectional
configuration such that it includes a first cross—eectional_ dimension which is greater than a
second cross-sectional dirne,n;ion orthogonal to sai_d first cross-sectxonal dimension along an
extent thereof, said method utilizing a die assembly having first and second die structures having
surfaces cooperable to defir ine a die cavnty having a first cross-sectlonal dimension which is
greater than a second cros—sectlonal dimension generally orthogonal to said first cross-sectional
dimension, said method compnsmg _ co

roll-forming sheet metal toforma tubular metal blank havmg an oval cross-section,

_ said oval cross-section mcludmg a major axis along a greater dxameter thereof and a minor
axis along a smaller dlameter thereof, said major and minor axes bemg generally orthogonal

to one another; , .

placing the tubular metal blank into said second die structure, said second die structure
being constructed and arranged to receive the tubular metal blank havmg said oval cross-section
without distorting said tubular metal blank from its oval cross-sectlon, said tubular metal blank
being placed into said second die structure such that said major axls of said oval cross-section
thereof extends in generally the same direction as said first cross—sectlonal dimension when said -
first and second die structures -cooperate to form said die cavity a_nd_. such that said minor axis of
said oval cross-section thereof extends in generally the same direetion as said second cross-
sectional dimension of said die cavity when said first and second5;die structures cooperate to form -

- said die cavity; . S : : B

engaging opposite ends of the tubular metal blank with tube-end engaging structures so
asto substannally seal opposnte ends of the tubular metal blank; .-

an injecting fluid under pressure into the tubular metal blank placed in the die cavity to
expand the tubular metal blank into conformity with the surfaces def‘ ining the die cavity. -

2. The method of claim'1, wherein said elongated tubular metal member and said die

cavity each have a substantially similat box-shaped cross sectlonal conﬁguranon, and wherein
said placing of said tubular metal blank comprises - :
orienting said tubular metal blank within said die cavity: such that said major axis of the

cross-section thereof extends in generally the same direction as a longer cross-sectlonal :
dimension of said box-shaped cross sectional conﬁguranon of said dxe cavity, and saxd minor

axis of the cross-section thereof extends generally in the same dlrectlon as a shorter cross-
sectional dimension of said box-shaped cross sectional conﬂguranon of said die cavity.
3. The method of claim 1, further comprising: eﬁ'ectmg relatwe movement between said
first die structure and said second die structure to close said die cavxty without distorting the oval
cross-sectional conﬁguratlon of said tubular metal blank dlsposed therem

O
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4. The method of .claim 3, said method further comprising: progressively reducing the
cross-sectional area of sgldidle cavity after said die cavity is closed;to thereby deform the oval
cross section of said tubula¢ metal blank within said die cavity after said die cavity is closed.

5. The method of claim 2, wherein said longer cross-sectional dimension of said box-
shaped cross sectional configuration of said die cavity extends in a generally vertical direction,
wherein said shorter cross-sectional dimension of said box-shaped cross sectional configuration
of said die cavity extends in a generally horizontal direction, and wherein said shorter cross-
sectional dimension of said box-shaped cross sectional configuration of said die cavity is greater
than an outer diameter of said tubular metal blank taken along said minor axis, and wherein said
placing step further comprises: orienting said tubular metal blank within said die cavity such that
said major axis of the cross-section thereof extends generally vertically, and such that said minor
axis of the cross-section thereof extends generally horizontally.

6. ' 'The method of claim 1, wherein the surfaces defining said die cavity cooperate to
provide said die cavity with a substantially rectangular cross-sectional configuration, and
wherein said injecting causes said tubular metal blank to expand outwardly into conformity with
said surfaces so as to provide the formed elongated tubular metal member with a substaritially
rectangular cross-section. : .

7. The method of claim 1, further comprising: clamping spaced-apart portions of the
tubular metal blank with clamping structures positioned on opposite ends of said die cavity, the
clamping structures presenﬁng clamping surfaces defining substantially oval surface
configurations conforming to an oval outer peripheral surface of the tubular metal blank.

8. - The method of claim 1, further comprising: longitudinally compressing said tubular

metal blank so as to replenish a wall thickness of said tubular metal blank as it is expanded.

9. The method of claim 3, wherein said first die structure comprises a movable upper die
structure, said method further compnsmg moving said movable upper die structure so as to close
said die cavity.

10. The method of claim 9, wherein said second die sttucture'comprises afixeddie
structure, and wherein said method further comprises: moving said upper movable die structure
relative to said fixed die structure after said die cavity is closed so s to progressively reduce the
cross-sectional area of said die cavity after said die cavity is closed and thereby deform the oval
cross section of said tubular metal blank within said die cavity after said die cavity is closed.

11.  The method of claim 10, wherein said second die structure further comprises a movable
lower die structure, and wherein said method further comprises engaging said movable upper
structure with said movable lower die structure to close said die cavity, and moving said movable
lower die structure and said movable upper die structure relative to said fixed die structure so as
to progressively reduce the cross-sectional area of said die cavity after said die cavity is closed

SUBSTITUTE SHEET (RULE 26) W’”Tﬂ



0

15

20

25

30

35

o* T~

WO 99/03616 . PCT/CA98/00671

and thereby deform the oval cross section of said tubular metal blank within said die cavity after

said die cavity is closed.

12 Anapparatus for forming a tubular metal blank into an elongated tubular metal member
havmg a substantially box-shaped transverse cross-section along an extent thereof, said apparatus
comprising: . _ -
a die assembly havmg an internal die surface deﬁmng a dre cavrty, said die cavity
Having a substantially box-shaped surface configuration and be_mg constructed and arranged to
receive the tubular metal blank having a generally oval cmss-sec’rfoh; o

clamping structures posmoned on opposite ends of said dle cavity and constructed and
arranged to securely clamp spaced-apart portions of the tubular metal blank, said clamping

~ structures presenting clamping surfaces defining a generally oval.surface configuration generally

conforming to a generally oval outer peripheral surface of the mb_ular metal blank; and

tube-end engaging stz'ueurre constructed and arranged to engage'md substantially seal
opposite ends of the tubular metal blank, said tube-end engaging structure presenting a generally
oval outer surface configuration conforming to a generally oval inner. peripheral surface of the
tubular metal blank. |

- 13. - The apparatus of claim 12, wherein said die assembly comprises:

- a moveable upper die structure; _
a second die structure which includes a fixed die structure; .
said moveable upper die structure, and said second die structure being cooperable to
define said die cavity; _ o
wherein relative movement between said moveable upper ¢ die structure and said second

die.structure closes said die cavity, and after said die cavity is closed, movement of said

moveable upper die structure with respect to said fixed die structure progressively reduces the

cross-sectional area of said die cavity to deform the tubular metal. blank within said die cavity.
14.  The apparatus of claxm 13, wherein said second die structure further comprisesa
moveable lower die structure, wherein said fixed die structure is received within an opening in

said moveable lower die structure, and wherein said moveable upp_er dne structure moves into

engagement with said moveable lower die structure to close said die cavity.

15.  The apparatus of claim 14, wherein said moveable lower dre structure is mounted on a
plurality of compressible spring members, wherein said moveable upper die structure is moved
downwardly into engagement with said moveable lower die slructure to-close said die cavity, and
wherein continued dowhWa_rd movement of said moveable upper di¢ structure after said
engegemcnt moves said moveable lower die structure downwardly therewith against a bias of
said spring members, and wherein said moveable upper and lower die structures are constructed
and arranged so that said continued downward movement of said moveable upper die structure

-12-

SUBSTITUTE SHEET (RULE 26)

O



10

15

20

25

30

7]

WO 99/03616 ' AR PCT/CA98/00671

and downward movement of said moveable lower die structure reduces the cross-sectional area
of said die cavity to deform_ the tubular metal blank. o
16.  The apparatus of claim 12, wherein said clamping surfaces deﬁmng said generally oval
surface configuration each transition into a box U-shaped surface configuration as said clamping
surfaces extend inwardly toward said die cavity.
17.  The apparatus of claim 12, wherein said die cavity has a generally rectangular surface
configuration.
18. A method of forming an elongated tubular metal member, said elongated tubular
member being formed iﬁ a die cavity having surfaoeé constructed and arranged to provide said
die cavity with a shape generally cbxresponding to a shape of said'_of said elongafed tubular
member, said cross-section of said elongated tubular member and hence of said die cavity having
a relatively larger dimension thereof transverse to a rélatively smaller dimension thereof, said
method comprising: | '

placing a tubular metal blank having been roll formed to have a generally oval cross-
section into said die cavity, and orienting said tubular metal blank such that a relatively larger
cross-sectional dimension of said generally oval cross-section extends generally in a direction of
said relatively larger cross-sectional dimension of said die cavfty and such that a relatively
smaller cross-sectional dimension of said generally oval cross-section extends generally in a
direction of said relatively smaller cross-sectional dimension of said die cavity;

engaging and sealing opposite ends of the tubular metal blank; and

injecting fluid under pressure into the tubular metal blank so as to expand the tubular
metal blank into conformity with the surfaces defining said die cavity and thereby transform said
tubular metal blank into said elongated tubular metal member.
19.  The method of claim 18 further comprising roll forming sheet metal to provide said the
tubular metal blank with said oval cross-section.
20.  The method of claim 19, further comprising reducing a cross-sectional area of said die
cavity after said tubular metal blank is placed therein and after said die cavity is closed so as to
crush said oval cross section of said tubular metal blank with said surfaces defining said die
cavity. '
21.  'The method of claim 18, wherein the die cavity has a substantially box shaped surface
configuration and the elongated tubular metal member is formed to have a substantially box
shaped cross-section. '
22. The method of claim 18, further compnsmg longxtudmally compressing said tubular
metal blank so as to rcplemsh a wall thickness of said tubular metal blank as it is expanded.
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