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A HYDROFORMED ANGLED TUBULAR PART, AND METHOD AND APPARAnJS FOR MAKING THE SAME 

Field of Invention 

5 The present invention relates to hydroforming, and more particularly to a method and 

apparatus used to make wrinkle-free hydroformed angled tubular parts. 

Background of Invention 

The angled tubular parts herein contemplated are vehicle parts and more specifically 

parts of vehicle assemblies, such as vehicle frames and cradles. The part may b~ a frame 

10 member, a cross member, a side member, an A pillar part or the like. 

Heretofore, angled parts of the type herein contemplated if made in tubular form with 

an angle greater than 30° required the welding of a reinforcing bracket to the convex portion 

of the bend in order to strengthen the reduced thickness of the wall at the convex portion of the 

bend. The welding of the reinforcingbracketto the tubular bent part having a reduced thickness 

15 at the convex portion sufficient to require the reinforcing bracket added material cost .and 

unwanted weight to the finished part. There is always a need to make vehicle parts lighter and 

in a more cost effective manner by improved manufacturing methods and apparatus. 

Brief Description of the Invention 

The disadvantages of the prior art may be overcome by providing a method of 

20 hydroforming an angled tubular part comprising disposing an angled metal tubular blank within 

a generally correspondingly angled die cavity. The tubular blank having an exterior surface 

wherein at an angled portion of the tubular blank the exterior surface has a concave surface 

portion and a convex surface portion on generally opposite sides of the tubular blank. The 

opposite ends of the tubular blank are sealed, providing high pressure fluid to an interior of the 

25 tubular blank, expanding the blank into conformity with surfaces defining the die cavity as a 

result thereof. Applying force to at · teast one end of the tubular blank so as to create 

longitudinal flow of metal material within the tubular blank to maintain a wall thickness of the 

blank within a predetermined range, wherein a greater amount of force is applied to a portion 

of the tubular blank which is longitudinally aligned with the convex surface portion of the 

30 tubular blank in comparison with the amount of force applied for a portion of the tubular blank 

so as to create a greater amount of flow of metal material toward portions of the tubular blank 

adjacent the convex surface portion in comparison with portions of the tubular blank adjacent 

the concave surface portion. so as to inhibit wrfokle formation at the portions of the tubular 

blank adjacent the concave portion. 

35 In accordance with the principles of the present invention. there is provided a 
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hydrofonning die assembly for forming; an angled tu~ular part comprising a die structure having 

die parts. which include die surfaces cooperable to define an angled die cavity into which a bent 

tubular metal blank is to be placed. The bent tubular metal blank has an exterior surface which 

includes a concave surface portion and a convex surface portion on opposite sides thereof. The 

5 first and second ram assemblies have respective first and second associated tube-end engaging 

structures disposed at opposite ends of the die cavity. The tube-end engaging surfaces are 

constructed and arranged to be inserteq into the opposite ends of the die cavity. The tube-end 

engaging structures have tube-end engaging surfaces for engagi~g opposite ends of the tubular 

metal blank placed in the die cavity. The tube-end engaging structures further comprise ports 

IO constructed and arranged to provide hydroforming fluid to an interior of the tubular metal blank. 

The ram assemblies further comprise a fluid pressurizing system constructed and arranged to 

increase pressure of the hydroforming fluid provided to the interior of the tubular metal blank 

sufficient to expand the tubular metal blank into conformity with ~he die surfaces defining the 

die cavity. At least one of the tube-engaging structures being movable by the associated ram 

15 assembly into forced engagement with one end of the opposite ends of the .tubular metal blank 

so as to longitudinally compress the tubular metal ·blank between the tube-end engaging 

structures and thereby create longitudinal flow of meta! material during expansion of the tubular 

metal blank in order to maintain a wall thickness of the tubular metal .blank with a desired 

range. At least one movable tube-end engaging structure has the tube-end engaging surface 

20 thereof constructed and arranged to apply a greater amount of force to a portion of one end of 

the tubular metal blank which is longitudinally aligned with the convex surface portion of the 

tubular metal blank in comparison with an amount of force applied to a portion of one end of 

the tubular metal blank which is longitudinally aligned with the convex surface portion of the 

blank so as to create a greater amount of longitudinal flow of metal towards the convex surface 

25 portion of the tubular metal blank in comparison with the amount of longitudinal flow of metal 

towards the concave surface portion of the tubular metal. 

In accordance with another aspect of the invention. there is provided a vehicle part 

suitable to form a part of a rigid vehicle assembly. such as a vehicle frame assembly or the like. 

The vehicle part is formed from a cylindrical blank having a predetermined wall thickness and 

30 a predetermined peripheral dimension. The cylindrical blank is bent and hydroformed to 

provide a tubular wall having a central bend therein of at least approximately 30 ° and opposite 

angularly related end portions. The central bend has a peripheral dimension in excess of 

approximately 10% of the predetermined peripheral dimension of the cylindrical blank. The 

central bend includes a concave portion free of wrinkles and a convex portion having a wall 
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thickness within plus o~minus I 0% of the predetermined wall thickness of the cylindrical blank. 

Brief Description of t~~J)rawings 

FIG. 1 is a sch~~atic view of a hydroforming system. partly in section. and showing a 

bent tube blank disposed in a lower die structure in accordance with the principles of the 

5 present invention: 

FIG. 2 is a perspectiveviewofa tube-engaging portion of a hydraulic ram in accordance 

with the present invention: 

FIG 3 is a view similar to that shown in FIG. I. but showing the hydraulic system rams 

sealingly insened into the opposite ends of the tube blank; 

Io FIG 4 is an enlarged sectional view of the interface between one end of the tubular 

blank and the associated hydraulic ram: 

FIG. 5 is a view similar to that in FIG. 3. but showing the bent tube being filled with 

water in preparation for the next hydroforming step: 

FIG. 6 is a view similar to FIG. 5. but showing the next step in the hydroforming 

15 process in which pressurized water expands the tube into its final shape in accordance with the 

present invention; 

FIG. 7 shows hydroforming system. partly in section. in accordance with a second 

embodiment of the present invention; 

FIG. 8 is a perspective view showing the notched end of a tube blank in accordance with 

20 the second embodiment of the present invention~ 

FIG. 9 is an enlarged sectional view showing the interface between one end of the 

tubular blank and the associated hydraulic ram in accordance with the second embodiment of 

the present invention. 

Detailed Description of the Invention 

25 Referring more particularly to FIG. l, there is shown a hydroforming system 1 O. that 

includes a hydroforming die structure 12. and a pair of hydraulic ram assemblies 16 and 18. 

The die structure 12 includes a lower die portion 14. a cross section of which is depicted 

·schematically in FIG. 1. The die structure 12 is manufactured substantially in accordance with 

application Serial No. W098/08633. filed August 2 I. 1997. which is hereby incorporated by 

30 reference. with the exception of the shape of the die cavity formed thereby. 

The hydraulic ram assemblies 16 and 18 are disposed at opposite ends of the die 

structure 12. The ram assemblies I 6 and 18 generally include respective ram housings 20 and 

22. and respective outer rams 24 and 26. which project outwardly from the ram housings 20 and 

22. 
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As can be seen in FIG. 3. the ouier ram 24 is movable outwardly from the ram housing 

· 20 and into engagement in sealing relation with one end 28 of a tube blank 70 to be 

hydroformed. which has been placed in the lower die portion 14. Similarly, the outer ram 26. 

is movable outwardly from the ram housing 22 and is constructed and arranged so as to engage 

5 and seal the opposite end 28 of tube 70 (see FIG. 4). 

The ram assemblies 16 and I 8 are provided with fluid pressurizing intensifiers and are 

hydraul.ically operable to longitudinally compress a tubular blank during expansion of the 

tubular blank in accordance with conventional hydroforming systems. It is alternately 

contemplated that the hydroforming system 10 would include a valve arrangement that is used 

Io to control fluid flow into the outer ram 24 when the rams 24 and 26 are engaged and sealed with 

the tube ends 28. The outer ram 24. in turn. directs fluid. preferably water. into the interior of 

the tube 70. 

The outer rams 24 and 26 each comprise a main portion 46. and an end cap 48 fixed to 

the main portion. More particularly. each main portion 46 is in the form of a robust tubular 

15 sleeve portion. extending outwardly from a respective ram housing 20 or 22. Each end cap 48 

includes an annular flange portion 52 bolted and sealed by appropriate fasteners 54 to the 

circular edge at the distal end of the main portion 46. Each end cap 48 further includes an 

elongated tubular portion 56 integrally formed with the flange portion 52 and extending axially 

in an outward direction with respect to main portion 46. Each tubular portion 56 is of reduced 

20 exterior diameter in comparison with flange portion 52 and has a generally cylindrical exterior 

surface. which is constructed and arranged to form a peripheral seal with the corresponding 

cylindrical surface 62 formed at each end of the hydroforming die cavity when the upper and 

lower die are in a closed position (i.e .. when the upper die portion is lowered onto lower die 

portion 14). 

25 As best seen in FIG. 2, the end cap 48 terminates in a nozzle portion 64. which is 

integrally formed with and projects outwardly from the tubular portion 56. The nozzle portion 

64 is substantially tubular in shape. and is of a reduced outer diameter in comparison with the 

tubular portion 56. A radially extending annular rim surface 66 is disposed at the transition 

between the tubular portion 56 and the nozzle portion 64. The rim surface 66 has a partial 

30 annular portion 67 constituting a tube engaging surface portion constructed and arranged to 

engage, in sealing relation. an end 28 of the tube 70 during a hydroformingoperation. The rim 

surface 66 further includes a notched or cut-away surface portion 78 which extends away from 

the end 28 of the tube when the surface portion 67 is engaged. The partial annular surface 

portion 67 transitions into the cut-away or notched portion 78 at comers 79. 
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Each nozzle portion 64 has a cylindrical exterior surface constructed and arranged to 

be frictionally received,~,ithin one end of the tube 70 and ~lidably engage interior cylindrical 

surface portions at the ends of the tube 70 so that the ends of the tube are sealed during high 

pressure hydroforming. A longitudinal bore 69. extends through each end .cap 48. and is 

5 constructed and arranged to communicate high pressure fluid from the outer rams 24 (or at least 

one of the outer rams). to the inner confines of tube 70. 

When the upper die structure is lowered onto the lower die structure 14. an expansion 

die cavity 72 is formed and is define!i by peripheral die cavity surfaces corresponding to the 

desired final formed shape of the hydroformed tube 70. For most applications. the tube blank 

10 70 will have a circular cross-section and will be hydroformed to have a rectangular cross­

section as described in application Serial No. W098/08633. Thus. it can be appreciated that 

the die cavity 72 transitions from a cylindrical configuration at opposite ends thereof (e.g .• at 

surfaces 62) to a squared configuration cross~section wise at a central portion thereof. It can 

be seen in FIG. 1 that in this hydroforming application. the desired hydroformed part has 

15 somewhat of a bent configuration. In particular. the present invention achieves its greatest 

benefit when hydroformingparts which are to be provided with a bend of 30° or greater when 

comparing central longitudinal axes at opposite ends of the tube. For example. in FIG. 1. angle 

·a is greaterthan 30°. As can be appreciated from FIG. I. angle a represents not only the angle 

of deviation or bend of the tube in comparison with a straight tube. it also represents such 

20 angling of the die cavity into which the tube is placed. Also in accordance with the invention. 

the tubular blank 70 which is to be hydroformed. and which is originally manufactured as a 

straighttube in a standard roll-forming operation. is pre-,bent to fit within the arcuate contours 

of the die cavity 72. This pre-bending operation can be accomplished. for example in a 

conventional computer numeric controlled ("CNC .. ) assembly. 

25 Also. the hydroformed part is to be expanded at some portions by preferably at least 

l 0% in comparison with the original diameter of the tubular blank. and more preferably at some 

portions by at least 20%. In order to accomplish this without undesirably thinning the walls of 

the hydro formed part. the opposite ends 28 the tube 70 are longitudinally compressed by inward 

movement of rams 24 and 26 towards one another. This longitudinal compression of the tube 

30 70 during expansion thereof creates longitudinal flow of the metal material forming the tube 70 

so that the wall thickness of the hydroformed part remains within about I 0% of that of the 

original blank. It can be appreciated that unless certain measures are taken. an accumulation 

of flowed metal may occur at the concave portion 75 of the bend (when viewing the exterior 

surface of the tube). because less material flow is required here in comparison with the convex 
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portion 76 of the bend. 

In order to provide for a wrinkle free part relative to the exterior configuration of 

concave portion 75. the notched portion 78 formed in the annular rim surface 66 ot:.outer rams 

24 and 26 is provided. More particularly,refemngnowto flGS.3 and4. it can be seen thatthe--

5 partial circular portions 67 of annular rim surfaces 66 of outer rams 24 and 26. engage the ends 

28 of tube 70. As indicated in the drawings, notched portions 78, are longitudinally aligned 

with the inner concave portion 75 of tu.be 70. Because the notched portions 78 angle away from_ 

the. adjacent portions of tube ends 28-and are not forced against the tube ends 28 when rams 24 

and 26 are forced relatively towards one another. less metal flows to the inner concave portion 

10 75 in comparison fo convex portion 76 so that wrinkles are not formed at concave portion -75. 

Referring back to FIG. I; it can be seen that the end portions of tube 70 are optionally 

provided with an indent 80, providing a further restriction to metal material flow at positions 

towards the end of the tube which are also longitudinally..aligned with the concave inner portion 

75 of the tube 70. The indents 80 are provided sufficiently close to the ends 28 so as to 

15 constitute a portion o_f the ends of the tube which are cut off after a hydroforming operation. 

These cut-off end portions are not expanded to any significant extent and remain-with a 

· substantially circular cross-section even after the hydroforming operation. 

As shown in FIG. 5; the hydroformingprocess is commenced by placing tube 70 in the 

lower die structure 14. and then sealing the ~nds of the tube 70 with outer ram assemblies 24 

20 and 26. · The tube 70 is then filled with hydraulic fluid; Particularly. water and oil based 

· additives are directed through part 42.--into the outer ram 24. where it is then directed through 

the bore 69 into tube 70. The fluid is subsequently communicated through bore-~9. in the 

opposite outer ram 26. where it is then directed to a lower tank. by means of part 44. During 

this process, the tube 70 is vented and purged of substantially all air bubbles and completely 

25 filled interiorly with hydraulic fluid, as indicated-by reference letter F. After the tube is filled 

with fluid. the upper die portion is lowered onto lower die portion 14 to form the closed die -

cavity 72. 

As can be seen in FIG. 6. the hydraulrciluid Fis pressurized with intensifiers within the 

hydraulic ram assemblies 16 and 18 to begin tube expansion. Concurrently with radiaL 

30 expansion of the tube 70. outer rams 24 and 26 are forced inwardly toward one another against 

the opposite ends 28 of tube 70. As the annular flange surfaces 66 force the-tube ends 28 

inwardly. the metal material forming the tube 70 flows-iongitudinally along the length of the __ 

tube. so that the diameter of the tube can expand the tube in the bent areas by I 0% or greater. 

while the wall thickness of the hydroforriled tube 70 is maintained preferably-within plus or 
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minus 10% of the walhhickness of the original tube blank. 

It can be apprec,:i;ated that because the notched porti~ns 78 of annular flange surfaces 66 

do not forcibly contact th~ tube ends. substantially less metal is flowed along the portion of the 

tube longitudinally aligned with the concave inner portion 75. While some contact between the 

5 notched portions 78 and tube ends 28 is possible ~s a result of material flow and/or tube 

deformation. and would actually ennance the seal of the associated ram with the tube end. such 

contact would occur with much less force and at a later time than that which occurs at annular 

surface portion 67. Additionally. the indented portions 80 of the tube blank are also 

longitudinally aligned with the concave portion 75 of the tube and provide an area at which 

1 o metal that attempts to flow longitudinally toward the concave portion 75 of the bent tube 70 is 

restricted, so as to reduce flow of metal towards concave portion 75. As a result. wrinkles are 

not formed at the concave portion 75. 

Preferably. the tube engaging annular surface portion 67 of the rim surface 66 comprises 

between 80° - 160° (or about 22o/o-44%) of a complete circle. The extent of engagement with 

15 the ends of the tube 28 is a function of the angle a. the radius at concave portion 75. and the 

diameter of the tube 70. The greater the angle et and tighter the radius of the bend. the lesser 

the extent of tube engaging annular surface portion 67 is provided. In addition. for greater 

diameter tubes. the greater the extent of engagement is required and thus. a larger engaging 

annular surface portion 67 is provided. 

20 Most preferably. fluid pressure between 2.000 and 3.500 atmospheres is used to expand 

the tube. Depending upon the application. it may also be preferable to utilize pressures between 

2.000 and 10.000 atmospheres. although even higher pressures can be used. 

After tube 70 is formed into the desired wrinkle-free shape. generally corresponding to 

the shape of die cavity 72, hydraulic pressure is released, the outer rams 26 and 28 are driven 

25 outwardly from the tube ends 28, and the upper die structure is raised. 

The notched portion 78 is shown on both annular rim surfaces 66 of the outer rams 24 

and 26. It is contemplated by the present invention. however, that the notched portion 78 could 

be provided on only one of the outer rams. This is particularly the case where only one end of 

the tube 70 is to be pushed inwardly. In that event. the notched portion 78 is likely to be 

30 provided only on the one ram being pushed. and not the opposite stationary ram. Pushing one 

end of the tube is a desirable approach to hydro forming where one end portion of the tube is to 

be expanded to a significantly greater extent than the opposite end portion. The end portion to 

be expanded is the one to be pushed. 

It is also contemplated that indents 80 could be omitted. or that only a single indent 80 
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can be provided. Normally. indent 80 would be used only in conjunction with an adjacent 

notched ram which is to be pushed inwards. 

Shown in FIGS.7. 8 and 9. is a second embodiment of the present invention. In this 

embodiment. the tube ends 128 are cut back or notched as shown at· 182. The cut portions 182 

5 are longitudinally aligned with the concave portion 175 of tube 170. Also. in this embodiment. 

the annular rim surfaces I 66 of the rams are not provided with a notched portion. Rather. a 

complete. annularriin surface 166 is provided. The annular rim surfaces 166 of outer rams 124 

and 126 in this embodiment push longitudinally inward against the end portions 128 of the tube 

170. Since the annular rim surfaces 166 do not engage or push inwardly against the tube at 

10 cutoff portions 182, substantially less metal is flowed atong the ponion of the tube 

longitudinally aligned with the concave inner portion 175. It can be appreciated that with this 

second embodiment of the present invention, indents 180 may also be included to restrict metal 

flow within the tube and aid in the wrinkle-free hydroforming process. As shown. the indents 

180 are spaced only slightly inward from tube ends 128. at a position which is eventually cutoff 

15 from the resulting hy~roformed product. 

Similarly to the first embodiment.a cut portion 182 could be provided at only one end 

· of the tube 170 to be pushed inwardly. 

While the invention has been ·disclosed and described herein with reference to the 

preferred embodiment. it will be apparent that variations and modifications may be made 

20 therein without departure from the spirit and scope of the invention. Therefore. the following 

claims are intended to cover all such modifications. variations. and equivalents in accordance 

with the principles and advantages noted herein. 
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WHAT IS CLAIMED IS: 

1. A method of hyti.roforming an angled ·tubular part~ comprising: 

disposing an angled metal tubular blank within a generally correspondingly 

angled die cavity. said tubular blank having an exterior surface. wherein at an angled 

5 portion of said tubular blank, said exterior surface has a concave surface portion and a 

convex surface portion on generally opposite sides of said tubular blank; 

sealing opposite ends of the tubular blank; 

providing high pressure fluid to an interior of said tubular blank; 

expanding said blank into conformity with surfaces defining said die cavity as a 

10 result of said providing; 

applying force to at least one end of the tubular blank so as to create longitudinal 

flow of metal material within said tubular blank to maintain a wall thickness of said 

blank within a predetermined range wherein a greater amount of force is applied to a 

portion of the tubular blank which is longitudinally aligned with said convex surface 

15 portion of the tubular blank in comparison with the amount of force applied for a portion 

of the tubular blank which is longitudinally aligned with said concave surface portion of 

the tubular blank so as to create a greater amount of flow of metal material toward 

portions of the tubular blank adjacent said convex surface portion in comparison with 

portions of the tubular blank adjacent said concave surface portion. so as to inhibit 

20 wrinkle formation atthe portions of the tubular blank adjacent said concave surface 

portion. 

2. The method of claim l. wherein said forcing is accomplished by applying force to 

both ends of the tubular blank. 

3. The method of claim 2, wherein said greater amount of force applied to the 

25 portion of the tubular blank which is longitudinally aligned with the convex surface 

portion of the tubular blank is applied to arcuate edges of said both ends of the tubular 

blank. 

30 

4. The method of claim !,wherein said forcing is accomplished by applying force to 

only one end of the tubular blank. 

5. The method of claim 4. wherein said greater amount of force applied to the 

portion of the tubular which is longitudinally aligned with the convex surface portion of 

the tubular blank is applied to an arcuate edge of said one end of the tubular blank. 
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6. A method according to claim 1. wherein prior to said inserting. said method 

comprises bending a generally straight tube blank so as to provide said tubular blank 

with its angled configuration. 

7. A niethod according to claim 6. wherein prior to said bending, said method 

5 comprises roll forming sheet metal into said generally straight tube blank. 

8. A method according to claim l, further comprising forming an indentation in an 

end portion of said tubular blank at a· location thereof which is longitudinally aligned 

with said concave surface portion so as to inhibit flow of metal material towards said 

portions of said tubular blank adjacent said concave surface portion. 

10 9. A method according to claim 8 including the step of cutting off the end portion of 

the tubular blank containing said indentation after removal of the formed blank from the 

die cavity. 

10. A method according to claim 9 wherein art indentation is formed in both end 

portions at the aforesaid location and both end portions containing such·indentations are 

1 s cut off as aforesaid. · 

l I. A hydroforming die assembly for forming an angled tubular part comprising: 

a die structure having die parts, which include die surfaces cooperable to define 

an angled die cavity into which a bent tubular metal blank is to be placed. said bent 

tubular metal blank having an exterior surface which includes a concave surface portion 

20 and a convex surface portion on opposite sides thereof; 

25 

first and second ram assemblies having respective first and second associated 

tube-end engaging structures disposed at opposite ends of said die cavity; said tube-end 

engaging structures being constructed and arranged to be inserted into said opposite ends 

of said die cavity; 

said tube-end engaging structures having tube-end engaging surfaces for 

engaging opposite ends of the tubular metal blank placed in the die cavity; 

said tube-end engaging structures further comprising ports constructed and 

arranged to provide hydro forming fluid to an interior of the tubular metal blank: 

said ram assemblies further comprising a fluid pressurizing system constructed 

30 and arranged to increase pressure of said hydroforming fluid provided to the interior of 

the tubular metal blank sufficient to expand the tubular metal blank into conformity with 

the die surfaces defining said die cavity; 
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at least one of said tube-end engaging structures being movable by the associated 

ram assembly into forced engagement with one end ofsaid opposite ends of the tubular 

metal blank so as to longitudinally compress the tubular metal blank between said tube­

end engaging structures and thereby create longitudinal flow of metal material during 

5 expansion of the tubular metal blank in order to maintain a wall thickness of the tubular 

metal blank within a desired range; 

said at least one movable tube-end engaging structure having said tube-end 

engaging surface thereof constructed and arranged to apply a greater amount of force to a 

portion of said one end of the tubular metal blank which is longitudinally aligned with 

10 the convex surface portion of the tubular metal blank in comparison with an amount of 

force applied to a portion of said one end of the tubular metal blank which is 

longitudinally aligned with the convex surface portion of the blank so as to create a 

greater amount oflongitudinal flow of metal towards the convex surface portion of the 

tubular metal blank in comparison witl:i the amount of longitudinal flow of metal towards 

15 the concave surface portion of the tubular metal blank. 

12. A hydroforming die assembly according to claim 11. wherein prior to movement 

of the associated tube-end engaging structure to create said longitudinal flow.of metal 

material. said tube-end engaging surface contacts the portion of said one end of the 

tubular metal blank which is longitudinally aligned with the convex surface portion of 

20 the tubular metal blank~ and said tube-end engaging surface is spaced from the portion of 

said one end of the tubular metal blank which is lone:itudinallv aligned with the concave 
. - ,, -

surface portion of the tubular metal blank. 

13. A hydroforming die assembly according to claim 12, wherein said tube-end 

engaging surface is an annular surface. and wherein 22% - 44% of the tube-end engaging 

25 surface is disposed in said contact. 

14. A hydro forming die assembly according to claim 12, wherein a portion of said 

tube-end engaging surface which contacts the portion of the tubular metal blank which is 

longitudinally aligned with the convex surface portion of the tubular metal blank 

comprises a generally arcuate surface portion that lies in a plane. and wherein a portion 

30 of said tube-end engaging surface which is spaced from the portion of said one end of the 

tubular metal blank which is longitudinally aligned with the concave surface portion of 

the tubular metal blank comprises a generally arcuate surface portion that lies outside of 
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15. A hydroforming die assembly according to claim 11, wherein one end of said 

longitudinal die cavity defines a first longitudinal axis. and wherein an opposite end of 

5 said longitudinal die cavity defines a second longitudinal axis which is angled at least 30( 

with respect to the first longitudinal axis, and wherein said tubular metal blank is angled 

at least 30( relative to a straight tubular metal blank. 

16. A hydroforming die assembly according to claim 11, wherein both said tube-end 

engaging structures are movable into forced engagement with respective opposite ends of 

Io the tubular metal blank so as to longitudinally :compress the tubular metal blank 

therebetween. 

17. A hydroforming die assembly according to claim 11, wherein both said tube-end 

engaging structures are constructed and arranged to apply a greater amount of force to 

the portion of said one end of the tubular metal blank which is longitudinally aligned 

15 with the convex surface portion in comparison with the amountofforce applied to the 

portion of the tubular metal blank which is longitudinally aligned with the concave 

surface portion. 

20 

25 

18. A hydrofonning die assembly for forming an angled part comprising: 

a die structure defining an angled die cavity; 

ram assemblies disposed at opposite ends of said die cavity and having tube end 

engaging structures constructed and arranged to engage opposite ends of a tubular metal 

blank to be hydroformed. said tube-end engaging structures providing a port through 

which pressurized fluid can be provided to an interior of the tubular metal blank to be 

hydrofonned; 

at least one of said tube-end engaging structures being movable relative to the 

other of said tube end engaging structures and into forced engagement with one end of 

the tubular metal blank; 

said at least one of said tube-end engaging structures having a tube-end engaging 

surface. portions of said tube-end engaging surface lying in a common plane and 

30 generally aligned with portions of said die cavity which form a convex surface portion of 

the tubular metal blank, said portions of said tube-end engaging structure constructed and 

arranged to contact end portions of the tubular metal blank that are longitudinally aligned 
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with said convex surface portion of the tubular metal blank; 

other portions of ~aid tube-end engaging· surfac~ Iring outside of said common 

plane and aligned with portions of said die cavity which form a concave surface portions 

of the tubular metal blank. 

19. A vehicle part suitable to form a part of a rigid vehicle assembly. such as a 

vehicle frame assembly or the like; 

said vehicle part being formed from a cylindrical blank having a predetermined 

wall thickness and a predetermined peripheral dimension; 

said cylindrical blank being bent and hydroformed to provide a tubular wall 

10 having a central bend therein of at least approximately 30° and opposite angularly related 

end portions; 

said central bend having a peripheral dimension in excess of approximately 10% 

of the predetermined peripheral dimension of the cylindrical blank; 

said central bend including a concave portion free of wrinkles and a convex 

15 portion having a wall thickness within plus or minus 10% of the predetermined wall 

thickness of the cylindrical blank. 
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