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METHOD OF MANUFACTURING STRUCTURAL COMPONENTS FROM TUBE BLANKS OF VARIABLE WALL
THICKNESS

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

The present invention relates to a method of forming tube blanks to achieve a desired
shape. Specifically, the method involves the forming of tube blanks that have a variable wall

thickness. More specifically, the forming process comprises hydroforming.

2. DESCRIPTION OF THE PRIOR ART

In the automotive industry, various structural components are made from tubular
blanks. Such blanks are usually formed into the desired component shapes using various
forming technologies. One of such techniques that has become popular is hydroforming. In
hydroforming, a tubular blank is placed within a die having a shape of the desired
component. The ends of the tube are sealed and a pressurized fluid is applied to the interior
of the blank. Such pressure expands the blank until it conforms to the shape of the die cavity.
In the usual case, prior to hydroforming, the tube blank 1s bent to the desired shape and the
hydroforming step is used to provide the desired cross sectional shape. Generally, the wall
thickness of the tubular blank is generally maintained throughout the forming process, “
although a slight degree of reduction may be realized due to the stretching of the tube.

In certain cases, it is desired that the finished product or component have a variable
thickness in order to, inter alia, reduce the overall weight of the final product or to reduce the
cost of the materials used to form the component. In other cases, the final product is required
to have localized reinforcing in regions that are subjected to stresses, such as bends etc. or, in
other cases, regions of weakness so as to preferably facilitate the bending of such sections.
Various methods have been suggested to provide such variable wall product, For example,
the method taught in US Patent 5,333,775 involves a number of tubular pieces of different
wall thicknesses to be welded together to form the blank used in the hydroforming step.
Although resulting in the required variable wall blank, and, therefore, formed product, this
method includes various deficiencies. Firstly, the method involves the pre-forming step ot

creating the multiwall blank using a welding procedure, which adds a considerable amount to
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SUBSTITUTE SHEET (RULE 26)



CA 02442430 2003-09-29
WO 02/081115 PCT/CA02/00464

the total processing time. Secondly, the presence of welds may lead to weak spots 1n the
formed product.

In US Patent 4,759,111, another method is taught where a first tube, of a constant wall
thickness, is provided at certain locations with a co-axial sleeve thereby resulting in a tubular
blank with a variable wall thickness. Such blank is then subjected to a hydroforming process
as discussed above. Although no welding steps are performed, this method results in a non-
homogenous product.

US Patent 5,557,961 teaches a method wherein the tubular blank is provided with a
constant outer diameter, and which is used in a hydroforming process. The wall thiékness of
the blank taught in this reference varies circumferentially but is constant in the longitudinal
direction. In other words, the blank is provided with longitudinal grooves along the interior
surface. As a result, the component formed according the the ‘961 method includes thin
sections, at any given cross section, wherein such thin sections extend along the length of the
component. This reference does not, however, teach a formed component having a constant
cross sectional or circumferential wall thickness.

The present invention provides an improved method for providing a formed product

having a variable longitudinal wall thickness that overcomes at least some of the deficiencies

discussed above.

SUMMARY OF THE INVENTION

In one aspect, the invention provides a method of making a generally tubular
structural member having a variable wall thickness that 1s constant circumferentially but
variable longitudinally, the method comprising the steps of:

1) producing a tube blank with a variable wall thickness;

2) placing said blank in a forming die and forming said member.

In another aspect, the invention provides a method of making a generally tubular
structural member having a variable wall thickness that is constant circumferentially but
variable longitudinally, the method comprising the steps of:

1) producing a tube blank with a variable wall thickness using a reciprocating mandrel
and die assembly;

2) placing said blank in a forming die and forming said member to a desired cross

sectional shape.
o
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In yet another aspect, the invention provides a method of making a generally tubular
structural member having a variable wall thickness that 1s constant circumferentially but
variable longitudinally, the method comprising the steps of:

1) cold forming a tube blank with a variable wall thickness using a reciprocating
mandrel and die assembly;

2) treating said blank to increase the formability thereof;

3) bending said blank at desired locations; and

4) placing said blank in a hydroforming die and applying internal pressure to said

blank to hydroform said member to a desired cross sectional shape.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the preferred embodiments of the invention will become
more apparent in the following detailed description in which reference 1s made to the
appended drawings wherein:

Figure 1 is longitudinal cross sectional view of a tubular blank according to an
embodiment of the invention.

Figure 2 is an end cross sectional view of the blank of Figure 1 along the plane I-I.

Figure 3 is an end cross sectional view of the blank of Figure 1 along the plane 1I-IL.

Figure 4 is a cross sectional view of a die and mandrel apparatus for forming the
blank of Figure 1.

Figure 5 is a perspective view of a hydroforming die according to one aspect of the
invention.

Figure 6 is an end view of the die of Figure 5 in an open position.

Figure 7 is an end view of the die of Figure 5 1in an closed position.

Figure 8 is a side cross sectional view of a tube blank for forming an axle according to
an embodiment of the invention.

Figure 9 1s a perspective view of the componént formed from the blank of Figure 8.

Figure 10 1s a side view of the component of Figure 9.

Figure 11 is a side view of the component of Figure 9.

Figure 12A is an end cross sectional view of the component of Figure 11 along the

plane I1I-11I.
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Figure 12B is an end cross sectional view of the component of Figure 11 along the

plane IV-1IV.

Figure 12C is an end cross sectional view of the component of Figure 11 along the
plane V-V.

Figure 12D is an end cross sectional view of the component of Figure 11 along the
plane VI-V1.

Figure 12E is an end cross sectional view of the component of Figure 11 along the
plane VII-VIL

Figure 13 is an end view of the component of Figure 11 along the plane VIII-VIIL

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 illustrates a tubular blank for use in the method of the present invention. As
illustrated, the blank 10 comprises a tubular member having a generally uniform outer surface
12 and a generally uniform outer diameter D1. The blank 10 is formed with a variable wall
thickness, as described further below, such that at desired portions, the wall thickness 1s
reduced thereby resulting in a larger inner diameter. Figure 1 illustrates two such reduced
wall regions as 14 and 16. As indicated, the blank 1s originally provided with a wall
thickness t1. At the first reduced thickness region, 14, the wall thickness is reduced to {2 and
at the second reduced thickness region, 16, the wall thickness is reduced to t3. As will be
appreciated, t2 and t3 may be the same or different depending upon the specific
characteristics of the required blank. Figures 2 and 3 illustrate, respectively, the wall
thicknesses of the blank at a non-reduced thickness region and a reduced thickness region.

As can be seen, the wall thickness of each region is circumferentially uniform.

It will be understood by persons skilled in the art that although two reduced thickness
regions are illustrated in Figures 1-3, the actual number of such regions will depend upon the
specific requirements of the blank.

The reduced thickness regions discussed above can be formed by any means known in
the art. An example of such process is provided in US Patent 4,616,500,

In a preferred embodiment, the blank 1s formed by passing a tube of constant wall
thickness through a die and mandrel assembly. The mandrel is preferably of a reciprocating
type that can be inserted and withdrawn from the die using a control apparatus. The die is co-
axial with the tube and is provided in the interior thereof. As is known in the art, the tube 1s

pulled through the die resulting in a constant outer diameter. During this process, the
-4 —
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mandrel is inserted into the die cavity at specific times so as to reduce the wall thickness ot
the tube at desired locations along its length. In this manner, a tubular blank 1s formed
having the desired regions of reduced wall thickness. In another embodiment, the formed
tube obtained from the die and mandrel process may be cut to a desired length to result in the
tube blank to be used in the method of the invention.

An example of a die and mandrel assembly that can be used in the present invention 1s
illustrated in Figure 4. As shown, the assembly 18 comprises a die 20 having a die cavity 22.
A mandrel 24 is provided at one end of a rod 26. The rod 26 1s attached, at its other end, to a
control mechanism that allows the mandrel to be inserted and withdrawn from the die cavity
22 in a reciprocating manner as indicated by arrow 28. A tube 30 is attached at a first end to
a draw machine, not shown, as 1s known in the art. The first end of the tube 1s then drawn
through the die cavity so as to result in a drawn tube 31 having a constant outer diameter.
The direction in which the tube is drawn is indicated by the arrow 32. The die cavity 22 1s
provided with a first opening 34 having a diameter to allow the passage of tube 30 and a
second opening 36 having a diameter to allow the passage of tube 31. As can be seen, the
diameter of opening 36 is less than that of opening 34. Accordingly, the diameter of the
drawn tube 31 is generally less than that of the original tube 30.

As shown, the mandrel 24 is positioned within the interior of the tube 30 and is
generally co-axial therewith. If the mandrel is moved into the die cavity 22, the wall of the
tube 30 passing through the die cavity 22 is constricted. If the mandrel is removed from the
die cavity, such constriction is not effected. Therefore, by reciprocating the mandrel 24 1n
and out of the die cavity 22 while the tube 30 is drawn there-through, the resulting drawn
tube 31 may be provided with regions of thinned walls along the length thereof, while
maintaining a constant outer diameter. As illustrated in Figure 4, the drawn tube 31 includes
thin wall regions 38 and 40, separated by a region where the wall thickness 1s not aftfected,
42. 1t will be understood by persons skilled in the art that the process of drawing the tube 30
through the die cavity 22 may impart a change in the wall thickness in the absence of any
mandrel. However, where no mandrel is used, such change in wall thickness will be
generally uniform thereby resulting in the drawn tube 31 having generally uniform inner and
outer diameters. Further, as is known in the art, it is possible to form the blank with a number
of different wall thicknesses by varying the mandrel used.

Once the drawn tube 31 described above is obtained, it may be cut to the desired

length, if needed, thereby resulting in the tube blank 10 of the mvention. In another
.5
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embodiment, the desired length may be cut prior to inserting into the die and mandrel
assembly, whereby the drawn tube 31 comprises the tube blank itself. In either case, the
blank is then further processed, where necessary, and formed to the desired final shape as
described further below.

Normally, prior to the final forming stage, the blank 10 1s first bent 1n the desired two
or three dimensional shape. In such manner, the final forming stage, such a hydroforming
stage, is used to impart the desired cross sectional shape or shapes.

In the forming stage, the tube blank is delivered to a forming station. In the preferred
embodiment, such forming station comprises a hydroforming station as 1s commonly known
in the art. An example of a typical hydroforming apparatus is illustrated in Figure 5.

As shown in Figure 5, a hydroforming apparatus generally includes a die 45 having
two sections 44 and 46. Each of sections 44 and 46 are provided with one half of a die cavity
48. The die cavity 48 is formed with the desired overall and cross sectional shape of the final
component being made. As illustrated in Figure 5, a tube blank 50 is placed within the die
cavity when in the open position, as shown in Figures 5 and 6. As can be seen, the tube blank
50 is initially formed in the desired general shape of the desired element, including the
required bends etc. Once in the die cavity 48, the sections 44 and 46 are closed, wherein both
sections are in contact thereby forming and sealing the cavity 48. The ends of the blank 50
are then sealed and the interior of the blank 50 is pressurized until the blank assumes the
cross sectional shape of the die cavity, as illustrated in Figure 7. The above discussion has

been provided in reference to a general tube blank 50. As will be appreciated, the present

g

invention is directed to the forming of the specific tube blank 10 as illustrated in Figure 1. It
will be understood that the hydroforming apparatus illustrated in Figures 5 to 7 1s simplified
so as to illustrate the general principle. Various parts of the complete apparatus, such as
seals, valves, control and pumping units etc., have been omitted for the purpose of clarity.
However, such apparatus will be apparent to persons skilled in the art.

It will also be understood by persons skilled in the art that although the hydroforming
process has been described, various other forming processes may also be used in method of
the present invention.

As discussed above, prior to the hydroforming phase, the blank 1s first bent into the
desired shape. In the preferred embodiment, prior to such bending, the blank 1s first

subjected to a heat treatment, or stress relief process in order to impart the desired formability

-6 —
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characteristics to the blank. Such a process prevents unwanted stress cracks and other
damage to the blank during the bending process.

In the above discussion, reference has been made to a preferred embodiment wherein
the tube blank is formed with a variable inside diameter but a constant outer diameter, as
measured along the longitudinal axis. However, it will be understood that according to other
embodiments, the method of the invention will be applicable to blanks having either a
variable outer diameter or variable outer and inner diameters. The physical characteristics of
the blank will depend upon the formed product that 1s desired.

In summary, the method of the invention includes, in one embodiment, the following
steps:

1) a variable wall thickness tube blank is produced using the reciprocating mandrel
and die assembly as discussed above;

2) the tube blank is treated (i.e. heat treated, annealed, stress relieved etc.) to restore
the formability characteristics of the tube;

| 3) the tube blank is pre-bent and/or pre-formed;

4) the blank is placed in a die of a hydroforming tool or assembly;

5) the blank is expanded and formed as desired using the needed hydroforming
parameters,

In the hydroforming process, the following steps are used:

a) the die, containing the bent blank, 1s closed,;

b) the ends of the blank are sealed;

¢) the tube is pressurized to the desired pressure (this pressure will depend on the wall
thickness of the blank and the material from which it i1s formed);

d) the tube 1s expanded;

e) the pressure 1s released;

f) the die is opened and the formed component is removed.

As will be understood, the pre-bending or pre-forming steps mentioned above may

not be needed for all components.
With the method of the present invention, various advantages are realized. For
example, as indicated previously, by reducing the tube wall thickness in specific areas, the

weight and cost of the final product is reduced. Further, the present invention provides a

iy
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formed component that is homogenous with respect to material properties and one that avoids
the need for numerous welded joints.

The method of the present invention can be used to make any tubular structural
member. More specifically, the method of the invention is particularly suited for the
manufacture of tubular components in the automotive industry. Such components include:
axles; twist axles engine cradles; side rails (frame); {ransmission cross members; suspension
components; and instrument panel cross members. As will be appreciated by persons skilled
in the art, various other components, for use in any type of industry, may be manufactured by
the method of the invention.

The following example is provided to illustrate the present invention and 1s not meant

to be restrictive in any way of the scope thereof.

Example

An example of a component manufactured according to the method of the mmvention 1s
illustrate in Figures 8 to 13, wherein a vehicle axle is formed. In Figure 8, a tube blank 60 1s
illustrated. The blank 60 has an outer surface 62 with a generally uniform outer diameter.
The blank 60 is provided with 3 regions of reduced mnner diameter, 64, 66 and 68,
respectively. Accordingly, the blank 60 is thus provided with two regions, 70 and 72, of a
larger inner diameter. Due to the constant outer diameter, the difference in mner diameter
leads to different wall thicknesses in the regions 64 to 72. In the preferred embodiment, such
differences in wall thickness are achieved by the reciprocating mandrel and die assembly
discussed above. In the example shown in Figure &, the various regions are formed with wall

thicknesses 74, 76, 78, 80 and 82 in the following dimensions:

Section  Wall Thickness
74 3 mm

76 S mm

78 3.4 mm

30 5 mm

82 3 mm

In the example of Figure 8§, the initial tube, prior to the die forming step had a
generally constant wall thickness of 5 mm and a length of approximately 1.77 m.
Figures 9, 10 and 11 illustrate the axle 90 formed using the blank 60 of Figure 8. As

shown, the axle 90 includes a number of bends, which were formed by bending the blank 60.
-
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After the bending process, the blank was then hydroformed in a conventional manner to
provide the desired cross sectional shapes. Such shapes are illustrated in Figure 12 and 13.

The cross sections shown in Figure 12 A-E have the following wall thicknesses:

Figure ~ Wall Thickness
12 A 3 mm

12 B 3 mm

12 C > mm

12D > mm

12 E 3.4 mm

Although the invention has been described with reference to certain specific
embodiments, various modifications thereof will be apparent to those skilled 1n the art
without departing from the spirit and scope of the invention as outlined in the claims

appended hereto.
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We Claim:

1. A method of making a generally tubular structural member having a constant outer
diameter and a variable wall thickness that is constant circumferentially but variable
longitudinally, the method comprising providing a tube (30) having an initial outer and inner
diameter and an initial wall thickness and first and second ends and being characterized by the
steps of:

- providing a die (20) having a die cavity (22) for receiving said tube, said die cavity (22)
having a first diameter (36) and a second diameter (34), said second diameter (34) being larger
than the first diameter (36), and a tapered portion extending between said first and second
diameters;

- providing a generally cylindrical mandrel (24), said mandrel (24) being adapted to be
inserted into said tube (30) and having a first end connected to a support rod (26) and an
opposite second end, said mandrel first end having a first diameter and said mandrel second
end having a second diameter, the second diameter being less than the first end diameter,
wherein the mandrel (24) includes a tapered portion extending between said first and second
ends, and wherein said die (20) first diameter is less than the mandrel first diameter but larger
than the mandrel second diameter;

- inserting said tube (30) first end through said die cavity (22) and causing said tube (30)
and die (2) to move with respect to each other along the longitudinal axis of said tube (30)
whereby said tube (30) is drawn through the die cavity (22) in a direction extending from the
second diameter (34) to the first diameter (36), thereby providing the tube (30) with a constant
outer diameter corresponding to said first diameter (36) of the die cavity (22);

- inserting said mandrel (24) within said tube (30) through the tube (30) second end;

- reciprocally advancing said mandrel (24) with respect to said die cavity (22) as the tube

is drawn through the die, whereby the tube (30) wall thickness is reduced by constriction

between the tapered portion of the die and the tapered portion of the mandrel as the mandrel
first end is advanced towards said die first diameter (36).

2. The method of claim 1 wherein said die cavity (22) second diameter is smaller than the

initial outer diameter of said tube (30) whereby relative movement of said die (20) and tube (30)

results in a reduction in the initial outer diameter of said tube (30).

21795543.1
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3. The method of claim 2 wherein said die (20) is maintained stationary and said tube (30)

is drawn there-through.

4. The method of claim 3 wherein said mandrel first end is advanced towards said die first
diameter when said die (20) overlaps a section of said tube (30) where wall thickness reduction

IS desired.

5. The method of any one of claims 1 to 4 wherein said method is conducted under cold

forming conditions.

6. The method of any one of claims 1 to 5 further comprising annealing or heat treating at

least a portion of the formed tube (30).

7. The method of claim 6 further including a bending step, following the annealing or heat

treatment step, wherein the tube blank is bent at desired locations.

8. The method of any one of claims 1 to 7 further comprising forming said tube having the

variable wall thickness (30) into a desired three dimensional shape.

9. The method of any one of claims 1 to 8 wherein movement of the mandrel is effected by
a control mechanism operably attached to the mandrel and movement of the tube is effected by
a drawing machine operably attached to the tube, and wherein movement of the mandrel is

independent of the tube.

10. The method of any one of claims 1 to 9 wherein said tube is provided with more than two

different wall thicknesses along its length.

11. A method of making a generally tubular structural member having a variable wall
thickness that is constant circumferentially but variable longitudinally, the method comprising the
steps of:

- providing a tube having initial outer and inner diameters and an initial wall thickness:

- providing a stationary die having a die cavity for receiving said tube, said die cavity
having a first diameter and a second diameter, said second diameter being larger than the first

diameter, and a tapered portion extending between said first and second diameters;

21795543.1
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- providing a mandrel, said mandrel being adapted to be inserted into said tube and

having a first end connected to a support rod and an opposite second end, said mandrel first

end having a first diameter and said mandrel second end having a second diameter, the second
diameter being less than the first diameter, wherein the mandrel includes a tapered portion
extending between said first and second ends, and wherein said die first diameter is less than
the mandrel first diameter but larger than the mandrel second diameter;

- inserting said tube through said die cavity and causing said tube and die to move with
respect to each other along the longitudinal axis of said tube , wherein said tube is drawn
through the die cavity while maintaining said die stationary;

- inserting said mandrel within said tube; ana

- reciprocally advancing said mandrel with respect to said die cavity whereby the tube
wall thickness is reduced as the mandrel first end is advanced towards said die first diameter;

- wherein movement of the mandrel is effected by a control mechanism operably
attached to the mandrel and movement of the tube is effected by a drawing machine operably
attached to the tube, and wherein movement of the mandrel is independent of the movement of
the tube and wherein said die is maintained stationary during the reciprocal movement of said

mandrel.

12. The method of claim 1 wherein said die cavity second diameter is smaller than the initial
outer diameter of said tube whereby relative movement of said die and tube results in a

reduction in the initial outer diameter of said tube.

13. The method of claim 12 wherein said mandrel first end is advanced towards said die first
diameter when said die overlaps a section of said tube where wall thickness reduction is

desired.

14. The method of claim 13 wherein said method is conducted under cold forming

conditions.

15. The method of claim 14 further including a treatment step wherein said tube is treated to

increase the formability thereof.

16.  The method of claim 15 wherein said treatment comprises annealing or heat treating.

21795543.1
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17. The method of claim 15 further including a bending step, following the treatment step,

wherein the tube blank is bent at desired locations.

18. The method of claim 15 further comprising forming said tube into a desired three

dimensional shape.
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