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HYDROFORMING OF A TUBULAR BLANK HAVING AN OVAL 
. CROSS SECTION ANi> HYDROFORMING APPARATuS 

Field oflnventiOn 

The present invention relates generally to hydrofortning methods and die assemblies, 

and more particularly to a hydrofonning method and die assembly for hydrofonning a tubular 

5 metal blank in a nianner which avoids the need for a pre-crush operation for inserting the blank 

into the die cavity. 

Background of the Invention 

Hydrofonning methods are commonly !mown as a means for shaping a tubular metal 

b1ank having a circular cross section into a tubular component having a predetennined desired 

1 O configuration. In particular, a typical hydrofonning operation involves the placement of a 

tubular metaJ blank having a circular cross section into a die cavity of a hydrofonning assembly 

and providing high preSsllre fluid to the interior of the blank to cause the blank to expand 

outwardly into confonnity with the surfaces defining the die cavity. More particularly, the 

opposite longitudinal ends of the tubular metal blank are sealed by hydraulic rams, and high 

15 pressure hydrofonniitg fluid is provided through a port funned in one of the rams to expand the 

tubular blank. 

Typically, the tubular blank having the circular cross-section is ro11 formed from sheet 

metal into its initial configuration. The roJI fomied tubular blank must then be placed into the 

hydrofonning die cavity; typically having a boxed, rectangular, or irregular cross-section. 

20 Because the circumference of a circular tubular blank that would fit easily into the die cavity is 

significantly less than the circumference or cross~ectional 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 wall thickness would be required. Moreover, if such significant 

25 expansion is required, it bec0mes more diftlcult for the blank to conform into the comers within 

the die cavity. To minimize the amount of expansion necessary and to providC a tubular blank 

that has a circumference that initially confonns 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 

30 diametrically in a pre-crush station to enable the tube tO be initially placed into the relatively 

nam>w die cavity. The pre-crush operation, however, is costly in that it requires dedicated 

machinei'y and is time consliming. It' is object· of the present invention, therefore, to 

eliminate the need for the costly pre-cnlsh operation while using a tubular blank that confonns 

better to the contours of the die cavity. This object is achieved in accordallce with the principles 

35 of the present invention by a method of forming an ~longated 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 dimension orthogonal to the first cross-sectional dimension 

along an extent thereof. The method utilizes a die assembly having first and second die 

structures having surfaces c9operabJe to define a die c1,wity having~ first cross-sectional 

dimension which is greatetthan a second ~ro~secti~nal dimens~~~·generally orthogonal to the 
: . '·.:·'; 

5 first cross~ional dimension. The method comprises i) roll-foqpjrig sheet metal to fonn a 
·,. • • ! . • •. :·•·; . 

tubular metal blank having an oval cross-section, the oval cross-~~on including a major axis 
·. ;-. :•.: 

along a greater diameter thereof and a minor axis along a smaller. 4~8ineter thereof, the major and 

minor axes being generali~ ~ogonal t<> one another; ii) placingili~ tubular metal blank into 

the second die structure, the.second die structure .being constru~;~ild arranged to receive the 

10 tubular metal blank havin~ ~~ oval c~section without distorti~g:tiie tubular metal blank frDm 

its oval cross-section, the tul>ular metal blank. being placed into th~·:second die structure such that 
. .; - .. . ' . . . . - . , ·. ·~·.· '. . , 

15 

the major axis of the oval ayss-section ~f exfelJdS in genef8H:i!fie same direction as the first 

cross-sectional dimension when the first and s~cond die stru~ ~~operate to fonn the die 
. ·:: . . . '. '· .. ,_. . 

cavity and such that the minor axis of the oval croS&-Section thereof,~tencls in generally the 
: ~ . . . . ·: . -~ .. ' . 

. . same direction as the second C!Qss-sectiona) d~mensjon of the die ~vity when the first and. 

second die structures cooperafC to form the die cavity; iii) engag~~ oj,posite ends of fJle tubular 

meta] blank with tube-end engaging structures so as to substantially'~ opposite ends of the 
• ··r . . , . ..:·.:·=·: 

tubular metal blank; and iv) ,iqjectjng fluid under pressure into the_ pi~ular metal blank placed in 

the die cavity to expand the tubular metal blank into conformity ~the surfaces defining the 
: . . ·:· . 

20 die cavity. 

The object is also ac:hieved in accordanc~ with the principlC~ of the present invention by 
.. ·. . .. :· . ·;·1 ... 

an apparatus for forming a tUbular metal blank into ~elongated n,bµlar metal member having a 
. . ~ . . . . . . . . ~ . · ... ~ 

substantially box-shaped transverse croSs-section along an extent_thereof. The apparatus 
, ' . I ' . • . ·~ ~ ; : . • 

. comprises a die assembly having an internal die surface defining a di~ cavity, the die cavity. 

25 having a substantially box'.'.~aped surface configuration and being'._~6nstructed and ammged to 

receive the tubular metal bl&nk having a generally O'\f'.al cross-sec~o~ ·.Clamping structures are 

~itioned.on opposite erickcirthe die cavity and C()J)structed and '~ged to securely. clamp 

spaced-apart portions o(th~ tubular metal blaritc. .~ clamping #.tures present clamping 
. ,. .. - . . .. . .· : .. · 

surfaces defining a generally oval surface configuration generally co~rming to a generally oval 

30 outer peripheml surface ~f the tubular m~l blank. The apparatus·~er compris~ tube-end 

engaging structure constructed and arranged to engage and substantially seal opposite ends of the . •.'' :· .. : .. : ' .· ' .. ·.:·, . 

tubular metal blank. the tube1nd engaging sttucture presenting a g~nera1ly oval outer surtace 

configuration confonning to.·": generally oval inner peripheral su~ of the tubular metal blank. 

The object is also ~chjeved in accordance with the principles of the present invention by . '. . : . . ··.··,. . 

35 providing a method of forming an elongated tubular metal member, the elongated tubular metal 
. ' . ~ . . '· .. · : 

member being fonned in a clie cavity having surfaces Constructed~ manged to provide the die 
' . . . . . . . 
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cavity with a shape generally corresponding to a shape of the of the elongated tubular member. 

The cross-section of the·:~iigated tubular member and hence dfthe die cavity has a relatively 
~~- -

larger dimension thereofti;sverse to a relatively· smaller dim~sion thereof. The method 

comprises: i) placing a tilbular metal blank having a generally oval cross-section into the die 

5 cavicy 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 dirriension 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 
' ' 

10 ends of the tubular metal blank; and iii) injecting fluid under pressure into the ~bular metal 

blank so as to expand the ttibular metal blank into confonnity with the surfaees defining the die 

cavity and thereby transfonn 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 

15 hydrofonning die assembly in accordance with the principles of the present invention; 

FIG. 2 is a side plan view showing the longiiudiilal end of a hydrofonning·die assembly 

in accordance with the present invention with an ovahubular blank positioned into the lower die 

structure and the upper die structure in the raised or opened position; 

FIG. 3 is a plan view sirriilar to that of FIG. 2 showing the hydrofonning die assembly of 

20 the present.invention with a tubular blank positioned in the lower die 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; 

25 FIG. SA is a longitudinal sectional view, of the hydrofonning die assembly, in 

aecordance 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. SB is a longitudinal sectional vieW', of the hydrofonning die assembly, in 

30 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 fluid injected into the interior space of the oval 

tubular blank; 

PIO. 6 is a sectional view Showing the next step in the hydrofonning process in 

35 accordance with the present invention· wherein the upper die structure is in the fully lowered 

position and an oval shaped tubular blank position~ within the lower die structure; 
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FIG. 7 is a sectional view showjng the ~t hydrofonning step wherein the upper die 

structure is in the fully lowered position and an oval shaped tubuim; blank to be hydrofonned is 

slightly defonned or-crushed by relative movementof the die~~; and 
. . ··.• . 

FIG. 8 is a sectional view showing a subsequent hydrofo~~ng step in which fluid under. 

5 presmre expands the tubutal:'blank into confunnity with the die c~yity. 
Detailed Desel'.iption of Tllelnvention . . . 

Shown generally in flG. 1 is ~perspective vjew of a hy~~(onning die assembly 

generally indicated at 10 in ~cordance with the present invention~ Jbe hydrofonning die 
.. ·. .I":·: .. 

assembly 10 includes firsi and second die structures. More parti~uwly,.the first die structure 

10 comprises a movable upper die structure 12, \vhile the second di¢ -tun; comprises a movable . 

lower die strudUre 14 an~ a fixed die structure 16 .. The die ~~ly .further comprises a fixed 

base 18 on which.the f~<iie structure. 16 i~ mounted •. A plural.ity pf pneumatic or nitrogen 

spring cylinders 20 mount the lower die structure 14 for movem~ on the fixed base 18. The 

upper die structu~ 12, lower die structure 14, and fixed die stru~~ 16 cooperate to define a 
. . ·.:··" 

15 longitudinal die cavity there,between, having a substantially box-slutped cross section as will be 
.. : .' 

described herein. Preferably;, the upper die Sln!cture 12, lower dicr:~cture 14, fixed die structure 

16, and fixed base 18 are ~h made of an appropriate steel materi.~f· such as P-20 steel 

As shown in FIG. l, the upper die structure 12 defmes a pair of cradle areas 22 at . ·.; . . . · .. · : . . . 

opposite 1ongitudinal ends fti~f. The cradle arc:as 22 are shape~f and arranged to receive and 
.. . . 

20 accommodate ueper c:lamping structures 26, .at opposite longitudinal end$ of the upper die 

25 

structure 12. Particularly, the ·clamping structures 26 ~ e~h co~ected to the upper die 

structure 12 at the respective; cradle areas 22, by a plurality ofpn~uinatic spring cylinders 24 

which permit relative verti~ movemi:nt between the clamping .,tures.26 and the upper die 

structure 12. 

The 1ower die structure 14 has similar craclle areas 30 at QPJX>Site longitudinal ends 

thereof which are construc~d and manged to ace<)mmodate lo~r clamping structures 28 in a 

similar fashion. As shown, the longitudinal endS. indicated at lS?Jonning cradle area 30 of the 

lower die structure 14 hav~ a ~e~rally U..,shaped configuration .. · . . -. . 

The lower clamping structures ~ each J:iave an arcuate, ~erally parabolic upwardly 
.. . .· . ~: .· 

30 facing surface 34. More particularly, each surf~ 34 has a cross~Ctional configuration that 

defines one-half of an oval •. The surfaces 34 are constructed and ~ged to engage and cradle 
: . . . . . . 

the underside of a tubular blank 40 (see FIG.· 2) ~aving an oval c~§.section and placed in the 

lower die structure. Each of the arcuate surfaces 34 of the lower clainping structures 28 extend 

longitudinally inwardly toward the central portioQS of the hydrof~rnting die assembly 10 when . .• .. ~ . ·. . . . .. 

35 they gradually transition in~ a substantially, rec~gular or box u~~haped surface configuration 

35. 
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The upper two ·clamping structlires 26 are substantially identical to the lower clamping 

structures 28 but are inv~~.d with respect thereto. More partic\l,larly, each upper clamping 
·:~~~~~~,:-!·. ";\: ~·:· "'.• ·~ . 

structure 26, has an arcuiiie; generally parabolic, downwardly fa~ing surface 36 which transitions 

into an inverted box U-Shaped surface configuration 37. The arcuate surfaces 36 each have a 

5 cross-sectional configuration that defines the other half of an oval. As shown in FIG. 2, the 

arcuate surface 36, of each clamping structure 26, cooperates with arcuate surface 34, of the 

respective lower clamping structures 28, to fonn 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. 

10 · As can be appreciated from FIGS. 4 and SA, 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, longitudinally extending vertical side surfaces 43, which extend parallel to one 

another from opposite sides of surface 44. 

1 S The lower die structure 14 has a central opening 42 extending vertically therethrough, 

between the U-shaped longitudinal ends l S. Interior vertical surfaces 41 · in the lower die 

structure 14 define the aforementioned central opening 42. More particularly, a pair of 

longitudinally ex.tending side surfaces 41, def me the lateral extremities· of the opening 42. The 

surfaces are verticaUy disposed in parallel facing relationship with one another. The U-shaped 

20 end portions 15 of the lower die structure 14, define the· 1ongitudinal extremities of the opening 

42, and have interior surfaces (not shown) vertically disposed in parallel facing relation to one 

another. 

The f1Xed 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 

25 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 manged 

to extend within the opening 42 in the lower die structure 14, with minimal clearance between 

30 the generally vertical surfaces 48 of the fixed die structure and vertical surfaces 41 of the lower 

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

surface of end portions IS 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 generaUy 

arcuate, horizontal, and longitudinally extending die surface SO, which is constructed and 

35 arranged to extend in spaced facing relation to the longitudinally extending die surface 44 of the 

upper die structure 12. 
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As can best be seen in FIG. 6, the aforementioned side surfaces 41, the upwardly facing 

surface SO, the side surfaces 43 and down~ly facipg surface 44 cooperate to provide a die 

cavity 52, having a generally rectangular shaped cross sectional <;onfiguration substantially 

throughout its longitudinal extent. This die ~vity will fonna hydl'ofonned part havinga 

5 substantially closed box C1"9SS-sectional configuration. The closed. ~ox cross-sectional 

configuration is preferably a quadrilateral, S\lch ~ a generally recta.ngular configuration, but may 

be some-other closed, continuous combination of planar and/or CUJ:'.VC::d surface facets. 

FIG. 4 shows the upper die structure 12 in an opened or raised position with respect to 

the lower die structure 14 and fixed base 18. In this position the hydrofonning die assembly I 0 

10 enables the oval tubular blank 40 to be placed within the lower die structure 14. It can be 

appreciated from FIG .. SA th!lt the oval tubular blank 40 to be hydrofonned is suspended at 

opposite ends thereof by the lpwer clamping structµres 28 _to extend slightly above the upper 

surface 50 of the fixed die structure 16 when the tubular blank 40 is first placed in the 

15 

hydrofonning die assembly }O. .. 

When the blank is placed in the lower die structure 14, opposite ends of the blank 40 rest 

upon the respective surface!! 34 of the lower clamping structures ~-8 at opposite ends of the lower 

die structure 14. Preferably, the surfaces 34 are co~~ and arraoged to form an interference 

fit with the lower portio11 of:the respective opposite ends of the tubular blank 4. 

Subsequently, the upper die structure 12 i~ IC>:wered so ~it:he upper clamping structures 

20 26 which are initially held in the extended, position by pneumatic cylinders as shown in FIG. 2, is 

lowered as shown in FIG. l so that surface 3(j fonns an interfere~e fit with the upper portion of 

the respective opposite ends of the tubul.ar 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 

25 

to its closed position .. 

In accordance with the method and appara~ of the presentinvention, the tubular blank 

40 is provided with an oval cross-sectional confi~tion by a conventional roll-forming 

operation. More particularl)'., sheet metal is 1"911ed until the longitudinal edges of the sheet metal 

meet to provide 1t11 oval configuration. The meeting edges are then seam welded to complete the 
. . . 

tubular blank. Providing a tubular blank having an oval cross-sectiQn is advantageous in 

30 comparison with the convent;ona1 circular cross-~ion because it provides a circmnference that 

conforms more closely to. thl:I final cross sectlQnal pe~eter of the: generally rectangular (not 

square) cross-sectional ~p~d die cavity 52. .Tlms. less expansion ()f the blank 40 is required 

when expanding the blank into conformity with ~e ~urfaces fom1ing cavity 52. 

It will be appreci~ by those skilled in the art that the clqser conformity of tube 40 and 

35 cavity surfaces allows the tube to be more easily expanded into tht; comers of the cavity 52, 

where expansion becomes most difficult due to the'increasingly frictional surface contact 
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between the exterior sunace of the tube and cavity surfaces during expansion of the tube.40. In 

conventional practice it·.~~een possible to provide a circular ~~~ctional tlibular blank with 

a cross-sectional perimetefthat confonns closer to the die cavity' cross-sectional perimeter by 

providing a circular cross-sectional diameter that is greater than the width of the die cavity 52 

5 and crushing the tube laterally in a pre-crush station to enable the tube to fit in the lower die 

structure. However, the pn;-cnish operation is costly in that it requires dedicated machinery and 

is time consuming. Use of an oval tubular 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. 

10 The roll fonned tubular metal blank 40 is to be hydrofonned into an elongated tubular 

metal member (see reference nwneral 76 in FIG. 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 first cross-sectional 

15 dimension airing 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 

20 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 i 4,16. As also shown~ ·the second 

25 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 int<> 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, loriger cross-sectional 

dimension (e.g .• extending between surfaces 44 and 50) when the first die structure 12 and 

30 second die structure 14, 16 cooperate to fonn the die cavity 52, and 5Uch that the minor axis of 

the oval cross-section thereof extends in generally the same direction as the second, shorter 

cross-sectional dimension (e.g., extending between opposing surfaces 4 J) of the die cavity 52 

when the first and second die structures cooperate to fonn the die ca~. 

Now as can be seen in FIG. SA, the oval blank 40 is substantially rigidly held in place to 

35 pennit tube-end engaging structures, such as hydrofonnlng cylinders or rains R. to be 

telescopically and sealingly inserted into both oppoSite ends of the tube 40. The rams R 
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preferably haye an oval outer surface configuration that confonns to the inner peripheral surface 

of the blank 40. The hydrofonning cylb1ders pre,ferably pre-fill, but do not pressurize to any 

large extent the oval blank 40, w.ith hydraulic fluid (preferably wi:t.t~) as indicated by reference 

character F, before or simul~eously wjth the continued lowering. of the upper die structure 12. 

5 Although the pre-filJing o~tion is preferred to red\lce cycle times, and to achieve a more 

smoothly contoured part, for some applications the: upper die structure 12, may be fully lowered 

before any fluid is provided internally to oval blank.49. 

As shown in FIG. 4, the upper die stru~ 12 preferably. il'!cludes a pair of laterally 

spaced parallel ridges 72 projecting downwardly from opposite sides of the upper die cavity 38 

10 . and extend along the length .of the upper die structure. 12. When the·upperdie structure 12 is · 

15 

lowered, the ridges 72 are .brought into engageme~ with an upper die surface 74, of the lower die 

structure 14 on opposite sides of the opening42 so~ to close and seal the die cavity 52 as shown 

in FIG. 6. The ridges 72 form a robust seal that cal'l; wi~ ex~ely high cavity pressures of 

over 10,000 atmospheres. 

As can be appreciated from FIGS. 6 and 7, afier the initi~l engagement of the ridges 72 

with the die surface 74, .continued movement·of th~ upper die Structure .12 downwardly causes 

the lower die structure 14 to l;Je forced c:lownwardly therewith against the force of pneumatic 

spring cylinders 20, Th~oval blank 40 is lilcewise .moved .do~ly with the die cavity 52. 

During this continued downvvard movement of tJie upper die struct;ure · 12 and lower die structure 

20 14, the die surface 44 of the upper die structure 12 is moved towan:I the· die surface 50 of the 

fixed die structure 16 so as ~ reduce the size= of the die cavity 52 while maintaining a substantial 

peripheral seal in th.e cavity. This arrangement, wherein the die ~ity is closed and sealed 

before the size of die cavity 52 is reduced to crush ~he tube in the ~~ prevents pinching of the 

tube, as can be appreciated from Patent Application Serial No. O~~ 15,910, hereby incorporated 

25 by reference. The present invention does ,conteinplate, however, t~t some crushing of the tube 

may occur prior to the upper die structure . .12 engagiJlg the lower die structure 14. 

When the lower portion of oval blank 40 engages die s~ SO, continued downward 

movement of the die structlp'es 12 and 14 causes ~oval· blank ~O. ~ defonn. More specifically, 

when lower die surface SO and upper die surface 44 commUJ1icate ~ith upper and lower arcuate 

30 surfaee portions of oval blank 40, continued 4ownward movement of die structures 12 and 14 

cause die surtaces SO and 44 .to move inwardly toWlll'd each other!. This forces the arcuate. ends 

of the oval blank 40 to flatten and bend inwardly causing the oval blank 40 to be slightly 

crushed. This slight crushing of the ov~ bl~ 40 is perfonned so·~ to provide a circumference 

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

35 S2. The blank is preformed along its longitudin~ extent as shown in FIG. SB. Because the oval 

blank 40 is preferably pre-filled with hydraulic flwa before this ~ing, wrinkles in the tube 
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resulting from crushing are generally avoided and a generally smoothly contoured hydrofonned 

part can be fanned. .. :1 ~t~:;·:: ) .;;,.:_:~ .. 
As shown in Ff~f:i~ with the upper and lower die stnfu~~ 12 and 14 in a fully lowered 

positio~ the hydraulic fluid inside the slightly cruShed oval blank 40 is pressurized by the 

5 hydraulic system through one of the ends of the oval blank 40. During the hydrofonning 

expansion of the oval blank 40, the fluid F is pressurized to an extent sufficient.to ·expand the 

oval blank 40 radially outwardly into confonnity 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 

10 a cross sectional area which is approximately I 0 % 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-fonned, oval tubular blank for the 

hydrofonning process, rather than a roll-fonned cylindrical tubular blank, considerable savings is 

15 achieved due to the elimination of the pre-crush step and the oval tube can be utilized through the 

hydrofonning steps without any intenuption in the process. This reduces the required cycle time 

in that it eliminates the necessity of a pre-cnash step while providing a sufficient amount of metal 

in the die cavity to fonn the blank into a desired final configuration. 

It should be appreciated that the present invention contemplates alternate embodiments 

20 wherein the die cavity may be closed before it is sealed. Otheiwise 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 fonned in the lower die structure 14 into which 

25 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 optionally thereafter contatt 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 

30 movable and fDCed 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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WHAT IS CLAIMED IS: 

1. A method of fonning an elongated tubular metal member having a cross-sectional 

configuration such that it i(l~ludes a first ~SS-sectional dimensiqn:w,hich is greater than a 

second cross-sectional dimeqsion orthogon!ll to said first cross-sc;:ctjpnal dimension along an 

S extent thereof; said method utilizing !l die assembly having first ~~ second die structures having 

surfaces cooperable to define a die cavity having a :6rSt cross.,.sectj<mal. dimension .which is 

greater than a second cro~~ctional dimension generally orthog8~ to said first cross-sectional 
. # 

dimension, said method co~prising: 

roll-forming sheet inetal to form a tubular :metal bla11kluiving an oval cross-section, 
. ..= ' . 

10 said oval crosHection incluQing a major axis along a greater diameter thereofand a minor 

.axis .along a smaller diameter thereof. said major and minor m(es being generally·orthogonal 

to one another;· 

plaeing the tubular metal blank into said second die structure, said second die structure 

being constructed and atrariged to receive the tubular metal blank having said oval cross-section 

1 S without distorting said tubular metal blank from its oval crosweC.tion, said tubular metal blank . ,. . . .. 

being placed into said second die strucwre such that said· major ~;s·of said oval cross-section 

thereof extends in generally the same direction a8 said fust cross-sectional dimension when said 

first and second die strucwres eooperate to fonn 5aid die cavity and such that said minor axis of 

said oval cross-section thereof exteilds in generally the same direction as said second cross-

20 sectional dimension of said die cavity when said first and seconcldie structures cooperate to fonn 

said die cavity; · · ! 

engaging opposite ends of.the tubular metal blank with tube..:end engaging structures so 

as to substantially seal opposite ends of the tubular metal blank; \. · 

an injecting fluid under pressure into the tubular metal blank placed in the die cavity to 

25 expand the tubular metal blank into confonnity with the surfaces .defining the die cavity. 

2. The method ~f claim·, 1, wherein said elongated tubular mCtal member and said die 

cavity each have a substantiafly similar box-shaped ~ross sectioruil configuration, arid wherein 

said placing of said tubulm'. metal blank comprises · · · · 

orienting said tubular metal blankwithin·said die cavity such that said major axis of the 

30 cross-section thereof extends in generally the same direction as a lo11ger cross-sectional 

dimension of said box-shaped cross sectional CQnfigUl'atjon of ~id die cavity, and said minor 
. . 

axis of the cross-section the..-eof extends generally in. the same duection as a shorter cross-

sectional dimension of said box-shaped cross sectional configunmoQ of said die cavity. 

3. The method of claim 1, further comprising: effecting relative movement between said 

3 S first die structure and said second die structure to close said die cavity without distorting the oval 

cross-sectional configuration of said tubular metafblank disposed therein. 
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4. The method of ctaim 3, said method further comprising: progressively rectucing the 

cross-sectional area of s~fh,~je cavity after said die cavity is clo~Jo thereby defonn the oval 

cross section of said tubillaf metal blank within said die cavity after said die eavity is closed. 

S; The method of claim 2, wherein said longer cross-sectional dimension of said box-

5 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 

ofsaid die cavity extends in a generally horizontal direction, and wherein said shorter cross­

sectionaJ 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 

10 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, arid 

15 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 substantially 

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 

20 clamping structures presenting clamping surfaces defining substantiaJly oval surface 

configurations conforming to an oval outer peripheral surface of the tubular metal blank. 

8. · The method of claim l," further c0mprising: longitudinally compressing said tubular 

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

9. The method of claim 3, wherein said firSt die structure comprises a movable upper die 

25 structure, said method further comprising: moving said movable upper die structure so as to close 

said die cavity. 

10. The method of claim 9, wherein said second die structure comprises a fixed die 

structure, and wherein said method further eomprises: moving Said upper movable die structure 

relative to said fixed die structure after said die eavity is closed so as to progressively reduce the 

30 cross-sectional area of said die cavity ai\et said die cavity is closed and thereby defonn 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 

35 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 sl.id die cavity after said die cavity is closed 
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and thereby defonn the oval cross section of said tubular metal blank within said die cavity after 

. said die cavity is closed. 

12. An apparatus for funning a tubular metal blank into an elo11gated tubular metal member 

having a substantially box-shaped transverse cross-section along ~ ~tent thereof, said apparatus 

5 comprising: 

a die assembly having an internal die surfaCe defining a di(; cavity, said die cavity 

having a substantially box-shaped surface configuration and bei~ c;onstructed and arranged to 

receive the tubular metal blank having a generally oval cross-section;. 

clamping structures positioned on opposite ends of said d,i,e cavity and constructed and 

10 manged to securely clamp spacec:l-apart portions of the tubular metal blank,· said clamping 

structures presenting clamping surfaces defming a.generally oval.~e configuration generally 

confonning to a generally oval outer peripheral surface of the tubular metal blank; and 

tube-end engaging structure constructed and arranged to ~ngage·and substantially seal 

opposite ends of the tubular metal blank, said tube-end engaging ~cture presenting a generally 

15 oval outer surface configuration confonning to a generally oval inner peripheral surface of the 

tubular metal blank. . 

20 

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

a mpveable upper clit'. structure; 
a second die structure which includes a fixed die structure:; 

said moveable upper die structure, and said second die stnlcture being cooperable to 

define said die cavity; 

wherein relative movement between said moveable upper die structure and said second 

die structure closes said die cavity, and after said die cavity is clo~ed, movement of said , 

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

25 cross-sectional area of said die cavity to defonn the tubular metal blank within said die cavity. 

14. The apparatus of claim 13, wherein said second die structure further comprises a 

moveable lower die structure, wherein said fixed die structure is received within an opening in 

said moveable lower die structure. and wherein said moveable upper die structure moves into 

engagement with said moveable lower die structure to cl<?se said die cavity. 

30 15. The apparatus of claim 14, wherein said moveable lower die structure. is mounted on a 

plurality of compressible spring members, wherein said moveable ~pper die structure is moved 

downwardly into engagement with said moveable lower die structure to close said die cavity, and 

wherein continued downward movement of said moveable upper die structure after said 

engagement moves said moveable lower die structure downwardly therewith against a bias of 

35 said spring members, and wherein said moveable upper and lower die structures are constructed 

and manged so that said continued downward movement of said moveable upper die structure 
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and downward movement of said moveable lower die structure reduces the cross-sectional area 

of said die cavity to defom1 the tubular metal blank. . .... 

16. The apparatus JHlaim 12, wherein said clamping surfii~~s defining said generally oval 

surface configuration each transition into a box U-shaped surface configuration as said clamping 

S 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 fonning an elongated tubular metal member, said elongated tubular. 

member being fonned in a die cavity having surfaces consttucted and arranged to provide said 

10 die cavity with a shape generally corresponding to a shape of said of said elongated 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 relatively smaller dimension thereof, said 

method comprising: 

placing a tubular metal blank having been roll funned to have a generally oval cross-

15 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 cavity 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-seetional dimension of said die cavity; 

20 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 confonnity with the surfaces defining said die cavity and thereby transfonn said 

tubular metal blank into said elongated tubular metal member. 

19. The method of claim 18 further comprising roll fonning sheet metal to provide said the 

25 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. 

30 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 cros5-'.section. 

22. The method of claim 18, further comprising: longitudinally compressing said tubular 

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

\ \11\1111\11\l llllHll\l I\ \Ill 
* , C L M S * 

-13-. 

SUBSTITUTE SHEET (RULE 26) 


