OFFICE DE LA PROPRIETE

INTELLECTUELLE DU CANADA

.‘ - ‘(::‘ ".\\'\C‘
e xa‘ :‘;‘\ :‘l\‘ 'l‘ g

c. b:\"o,- .oon}n‘ ‘;“\:l. ‘a. Tt \'

:c:h:o :\\:E\' \' -:l. '\‘0.:‘0.:\‘ $; '\\ A\i\b\ ' ' ' .

" \'\'-\4':"'2 N }\“:‘:'t\"t‘ -'> "y “ '

AN AR AN

‘n. N .‘I » \‘ », : :a:'o ‘cl :c . " \1 \‘ \‘.--
: ‘?:' 1 \:3«»;020 ::. h .}\\ n\t:b :;;% \1\\\ ‘

S NN,
RN .&.&.&.&‘-‘

OPIC CIPO

PROPERTY OFFICE

(72) SKUDUTIS, TOMMY J., CA
(71) COSMA INTERNATIONAL INC., CA

51) Int.C1.° B60G 7/02, B21D 53/88, B62D 21/11

30) 1998/02/17 (60/074,962) US

(12) (19) (CA) Dem ande-Application

(CANADIAN INTELLECTUAL

(21) (A1) 2,320,268
86) 1999/02/08
87) 1999/08/26

54y ELEMENT DE CHASSIS DE VEHICULE DOTE D’UNE PARTIE
DE MONTAGE AMORTISSANTE ET PROCEDE DE

FABRICATION DE LADITE PARTIE

54) VEHICLE FRAME MEMBER HAVING A SHOCK ABSORBING
MOUNTING PORTION AND A METHOD FOR MAKING THE

SAME

10

16

20

24

(57) Procéde de fabrication d’un ¢lément de chassis de
vehicule dot¢ d’une partie de montage amortissante
construite et disposee pour €tre montee sur un ¢lément
structural dun veéhicule a moteur. Ledit procede consiste
a hydroformer une ¢bauche tubulaire dans une matrice
d’hydroformage par introduction de fluide sous pression
dans I'intérieur creux de 1'¢bauche. Un ¢lément de
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(57) The present invention relates to a method for making
a vehicle frame member having a shock absorbing
mounting portion constructed and arranged to be
mounted to a structural component within a motor
vehicle. The method comprises hydroforming a tubular
blank within a hydroforming die by supplying
pressurized fluid to the hollow interior of the blank. A
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formage par ¢tirage est deéplace vers l'intérieur par
rapport a la cavite de la matrice d’hydroformage tandis
que le fluide est mis sous pression, s1 bien que 1’¢lement
de formage par ctirage deforme une partiec de la paroi
tubulaire vers I'intérieur pour former une partie evidee
possedant une paro1 lateérale annulaire et une paror de
fond. L. "€bauche tubulaire formee est ensuite retirce de la
matrice d hydroformage, une structure de montage (38)
est placee a 1'intérieur de la partie €videe et I'ébauche et
la partic de montage (38) sont alors placées dans un
moule de moulage par 1njection. Une matiere
amortissante fondue est mjectee dans la partie €videe si
bien que la maticre fondue (14) entoure la structure de
montage. La matiere amortissante fondue est ensuite
sohidifice. De preférence, deux de ces parties €videes
sont formees. La présente invention conceme €galement
un ¢lément de chassis de vehicule a associer a un €lement
structural, en relation d amortissement.
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drawforming member 1s moved inwardly with respect to
the cavity of the hydroforming die while the fluid 1s
pressurized so that the drawforming member deforms a
portion of the tubular wall inwardly to form a recessed
portion having an annular side wall portion and a bottom
wall portion. The formed tubular blank 1s then removed
from the hydroforming die and a mounting structure (38)
1s disposed 1nside the recessed portion and the blank and
mounting structure (38) are then disposed within an
injection molding die. Molten shock absorbing material
(14) 1s mnjected mto the recessed portion so that the
molten material (14) surrounds the mounting structure.
The molten shock absorbing material 1s thereafter
solidified. Preferably, a pair of such recessed portions are
formed. The present invention also relates to a vehicle
frame member to be joined to a structural component 1n
shock absorbing relation.
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(§7) Abstract

The present invention re- 10 12
lates to a method for making
a vehicle frame member hav- \‘
ing a shock absorbing mount- 16
ing portion constructed and ar-
ranged to be mounted to a struc- 2
tural component within a mo-
tor vehicle. The method com-
prises hydroforming a tubular
blank within a hydroforming die -
by supplying pressurized fluid
to the hollow interior of the 38
blank. A drawforming member
is moved inwardly with respect 20
to the cavity of the hydroform-
ing die while the fluid is pres-

surized so that the drawforming 24
member deforms a portion of the \

N
[
tubular wall inwardly to form a g \
recessed portion having an annu-
lar side wall portion and a bot-
tom wall portion. The formed 22
tubular blank is then removed |
from the hydroforming die and
a mounting structure (38) is dis- 18

posed inside the recessed por- .
tion and the blank and mounting |

structure (38) are then disposed

within an injection molding die. Molten shock absorbing material (14) is injected into the recessed portion so that the molten material (14)

surrounds the mounting structure. The molten shock absorbing material is thereafter solidified. Preferably, a pair of such recessed portions
are formed. The present invention also relates to a vehicle frame member to be joined to a structural component in shock absorbing relation.
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VEHICLE FRAME MEMBER HAVING A SHOCK ABSORBING
MOUNTING PORTION AND A METHOD FOR MAKING THE SAME

Field of the Invention

The present invention relates to a vehicle frame member having a shock absorbing

mounting portion and a method for making the same.

Background of the Invention

To provide a conventional vehicle frame member with a shock absorbing mounting
portion, the frame member is first formed into its desired configuration by hydroforming,
stamping, or some other suitable method and then a hole is formed in the wall of the frame
member during a secondary punching or piercing operation. A cup-shaped bushing
comprising a cup-shaped exterior can filled with solidified rubber or other suitable shock
absorbing material is then welded or press-fitinside the hole. This conventional method is
used instead of drawforming the exterior can directly from the frame member wall due to
the space restrictions inside the pre-formed tubular member. Specifically, drawforming an
integral cup-shaped wall from the wall of the pre-formed tubular member cannot be
accomplished because the female die half necessary for such drawforming cannot be
removed after the drawforming operation is complete.

The problem with this type of arrangement is that numerous steps must be
undertaken to properly mount the bushing, thus increasing manufacturing time and costs.
Also. the tolerances between the bushing exterior and the hole formed in the wall must be

kept within a certain range to ensure that failure does not occur as a result of the bushing

being pulled out.

Summary of the Invention

It is therefore an object of the present invention to provide a vehicle frame member
with a shock absorbing mounting portion which is manufactured using less operations and
components in comparison to the conventional method described above and thereby
realizing reduced manufacturingcosts. To achieve this objective, one aspect of the present
invention provides a method for making a motor vehicle frame member having a shock
absorbing mounting portion. The method comprises disposing a tubular blank in a the mold
cavity of a hydroforming die. The die has interior surfaces defining the mold cavity and a

reciprocating drawforming member. The blank is hydroformed by supplying pressurized

Substitute Sheet (Rule 26)
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fluid to the imnterior of the blank to expand the blank against the interior surfaces defining
the mold cavity. The drawforming member is moved inwardly with respect to the cavity so

that the drawforming membe_r deforms a portion of the tubular wall blank to form a recessed
portion in the blank.

The blank 1s removed from the hydroforming die and a mounting structure
constructed and arranged to be joined with the aforesaid structural component of the motor
vehicle 1s disposed within the recessed portion. The tubular blank with the mounting
structure inside the recessed portion is then disposed in an injection molding die. Molten

shock absorbing material is injected into the recess in surrounding relation to the mounting

structure and thereafter solidified.

The method of the present invention provides a vehicle frame member in which
tolerance problems between the shock absorbing mounting structure and the tubular member
are eliminated. Further, the manufacturing time and tooling associated with forming a
separate shock absorbing mounting structure are also eliminated because the recessed
portion is formed in the hydroforming die and the shock absorbing material is injected
directly into the recessed portion. Thus, the resulting frame member is not only of superior

quality in comparison to a frame member produced by the conventional method, the cost of

manufacturing such a frame member is significantly reduced.

Another aspect of the present invention provides a vehicle frame member to be

joined to another structural component within a motor vehicle in shock absorbing relation.

The frame member comprises a hydroformed tubular member having a main tubular wall
portion surrounding a hollow interior and a recessed portion extending inwardly toward the
hollow interior. The recessed portion is formed integrally with the main tubular wall
portion. Mounting structure is disposed inside the recessed portion and is constructed and
arranged to enable the vehicle frame member to be mounted to the structural component
within the motor vehicle. Solidified shock absorbing material is disposed inside the
recessed portion and surrounds the mounting structure such that the mounting structure can
be resiliently mounted to the aforesaid structural component in a manner that permits limited
relative movement between the hydroformed tubular member and the mounting structure

and hence between the hydroformed tubular member and the structural component.

The frame member of the present invention does not suffer the push/pull out failures
of frame member constructed in accordance with the conventional method described above
because the recessed portion is deformed from the tubular wall portion with the annular side

wall portion being formed integrally with the tubular wall portion. Thus, any push/pull out
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failure between the mounting portion of the frame member of the present invention and the
tubular wall portion would require that shearing take place between the annular side wall

portion and the tubular wall. This secure relation is superior to the conventional welding

or press-fit provided by the conventional method.

Brief Description Of The Drawings

FIG. 1 1s an isometric view of a hydroformed vehicle frame member with a shock
mounting portion constructed in accordance with the principles of the present invention:

FIG. 2 1s a cross-sectional view taken along the line of 2-2 in FIG. 1;

FIG. 3 1s a longitudinal sectional view of an embodiment of a hydroforming
assembly in accordance with the present invention and showing the upper and lower
hydroforming die halves engaged with a tubular blank, ram cylinders engaged with the
opposite and portions of the tubular blank, and upper and lower drawforming members
retracted;

FIG. 4 1s a schematic partial cross-sectional view taken along the line 4-4 in FIG. 3,
but showing the upper hydroforming die half in a raised or opened position;

FIG. 5 1s a view similar to FIG. 4, but showing the hydroforming die halves closed
and the tubular blank initially deformed into an ovular shape;

FIG. 6 1s a view similar to FIG. 5, but showing internal fluid pressure expanding the

diameter of the tubular blank; .

FIG. 7 is a view similar to FIG. 6, but showing the drawforming members of the
hydroforming assembly moving generally inwardly towards one another:

FIG. 8 1s a view similar to FIG. 7, but showing the drawforming members retracted,
and the upper and lower hydroforming die halves separated for removal of the hydro-

drawformed tubular blank:

FIG. 9 1s a cross-sectional view showing bottom wall portions of the recessed
portions of the hydro-drawformed tubular blank being pierced by a punch tool;

FIG. 10 1s a cross-sectional view depicting the hydro-drawformed tubular blank
disposed in an injection molding die and being injected with a shock absorbing material
such as a rubber compound.

Detailed Description Of The Preferred Embodiment Of the Invention

FIGS. 1 and 2 show a hydro-drawformedvehicle frame member, génerally indicated
at 10, manufactured in accordance with the principles of the present invention. The hydro-
drawformed frame member 10 has an integral shock absorbing mounting portion, and

comprises two main components: a hydro-drawformed tubular blank, generally indicated

-3 -
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at 12, and a shock absorbing mounting portion, generally indicated at 14. The tubular blank

member 12 has a metal tubular wall of rectangular, irregular, or somewhat oval cross
section. The tubular wall surrounding a hollow interior includes a generally flat upper wall

portion 16 and a generally flat lower wall portion 18. Curved side wall portions 20 are

continuous with the upper wall portion 16 and the lower wall portion 18.

Referring to FIG. 2, the upper wall portion 16 has an upper cup-shaped recessed
portion 42 formed therein with a drawn annular side wall portion 39 formed integrally with
the upper wall portion 16 and a bottom wall portion 41 formed integrally with the side wall
portion 39. The lower wall portion 18 has a lower cup-shaped recessed portion 44 formed
therein with a drawn annular side wall portion 43 formed integrally with the lower wall
portion 18 and a bottom wall portion 47 formed integrally with the side wall portion 43.
The bottom wall portion 41 of the upper recessed portion 42 has an annular sealing lip 22
which is sealingly engaged with the adjacent internal flat surface 45 of the bottom wall
portion 47 of the opposing recessed portion 44. As will be appreciated later in the
application, the annular sealing lip 22 provides an annular seal which partly defines a cavity
to be filled with molten shock absorbing material.

The shock absorbing mounting portion 14 includes upper and lower disks 15 and 17,

respectively, made of a suitable injection molded shock absorbing material, such as rubber

or another resilient, yieldingly deformable material. The upper disk 15 is disposed inside

the upper recessed portion 42, and includes a circular shaped top surface 24 and an upper
annular ridge 34 extending around the periphery of the top surface 24. The lower disk 17
1s disposed 1nside the lower recessed portion 44, and includes a circular shaped bottom
surface 26, and a bottom annular ridge 36 extending around the periphery of the bottom
surface 26. A mounting structure in the form of an internally threaded mounting sleeve 38
i1s inserted through a central bore 28 extending through the center of the upper disk 15,
through the bottom wall portions 41, 47 of each recessed portion 42, 44, and through the
lower disk 17. The sleeve 38 receives a fastening bolt for securing the vehicle frame
member 10 in shock absorbing relation to another vehicle frame member or some other

structural component within the motor vehicle. Specifically, it is contemplated the sleeve

38 could serve as a mounting point for an engine cradle or a suspensionarm. The sleeve 38

~could also be joined with any other vehicle frame members or structural components within

the vehicle, such as body components, chassis component, engine cradle components, etc.
When the sleeve 38 is joined with or mounted to a structural component within the

motor vehicle in shock absorbing relation, the rubber disks 15, 17 allow limited relative
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movement between the sleeve 38 and the tubular member 12. As a result, limited relative
movement 1s permitted between the frame member 10 and the structural component during

vehicle operation so that the forces are not transmitted directly to the tubular member 12.

Instead, the rubber disks 15, 17 will absorb a portion of the forces.

A plurality of circumferentially spaced openings or holes 30 are formed in the
bottom wall portions 41, 47 of the upper and lower recessed portions 42, 44. The holes 30
are disposed 1n concentric surrounding relation to central bore 28 and inside the annular seal
formed between annular sealing lip 22 and the engaging surface 45. Preferably, the holes
30 1n the bottom wall portion 41 of the recessed portion 42 are each substantially aligned
with an associated hole 30 in the bottom wall portion 47 of the recessed portion 44. The
holes 30 provide a passage for molten shock absorbing material to pass between the recessed
portions 42, 44 during the injection molding process which will be described later in the
application. The longitudinal end portions of the mounting sleeve 38 protrude above the top
surface 24 and below the bottom surface 26. ‘

FIG. 3 shows a hydro-drawforming assembly, generally indicated at 50, for use in
accordance with the principles of the present invention. The assembly 50 is used to form
two separate hydro-drawformedtubular blanks 12 for two separate vehicle frame members
10. The hydro-drawforming assembly 50 includes a hydroforming die with an upper
hydroforming die half, generally indicated at 52, and a lower hydroforming die half,
generally indicated at 54. The upper hydroforming die half 52 includes a pair of upper
drawforming members generally indicated at 56, and the lower hydroforming die half 54
Includes a pair of lower drawforming members generally indicated at 58. Preferably, the
drawforming members 56, 58 are hydraulically driven drawforming piston cylinders, as
shown.

The upper die half 52 includes a large metallic main block 60, and a top mounting
plate 62 fixedly secured to the top of the main block 60. A pair of upper cylinder

~ compartments 64 are formed within the upper main block 60 and disposed near its

longitudinal ends. The drawforming cylinders 56 are fixedly mounted on the mounting
plate 62 and received within compartments 64.

The upper hydroforming die half 52 has a lower interior surface, a concave portion
67 of which defines part of a die cavity 68 (see FIG. 4). The lower hydroforming die half
54 has an upper interior surface, a concave portion 79 of which defines a part of the die
cavity 68 in cooperation with concave portion 67 of the upper hydroforming die half 52.

The cavity 68 is elongated and has an irregular, oval or rectangular cross-sectional
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configuration. The upper hydroforming die half 52 is fixed by conventional means to a
conventional reciprocating hydraulic press (not shown) disposed above the top plate 62 of
the upper die haif 52 for opening and closing movements with respect to the lower
hydroforming die half 54.

The lower die half 54 includes parts corresponding to those of the upper die half 52
but inverted with respect thereto. The lower die half 54 has a main block 54 similar to the
main block 60 of the upper die half 52 and disposed beneath the upper die half 52. The
main block 72 is mounted on a lower die half mounting plate 74. Two lower cylinder
compartments 76 disposed in the lower die half main block 72 near the longitudinal ends
of the block 72. The lower cylinder compartments 76 are arranged directly beneath the
upper cylinder compartments 64 disposed in the upper die half main block 60. Lower
drawforming members in the form of hydraulically driven drawforming cylinders 58 are
fixedly mounted on the lower die mounting plate 74 and disposed within compartments 76.
The lower hydroforming die half 54 is secured by conventional means to a conventional
stationary press bed (not shown) of the hydraulic press.

The size and configurationof the die cavity 68 is predetermined to define the shape
of a desired tubular frame member to be formed during the hydroforming process. As can
be appreciated from the embodiment illustrated in FIGS. 4 and 5, the die cavity 68 has a
somewhat oval cross section, having a greater width than height. The height at a central
portion 80 of the die cavity 68, while maintaining the oval shape, is smaller than at
longitudinal end portions of the cavity 68.

FIG. 3 depicts the end portions of a pair of hydraulically driven ram cylinders 85
engaged with the opposite longitudinal end portions of the tubular blank T to seal the hollow
interior thereof. Each ram cylinder end portion 85 has a central bore 87. One of the bores
87 1s sealed while the other is connected with a fluid intensifier so that a substantially
incompressible hydroforming fluid can be injected into the hollow interior of the tubular
blank T. The fluid within the tubular blank T is pressurized by the intensifier so as to
expand the diameter of the tubular blank T until the exterior configuration of the blank T
conforms to the interior surfaces 67, 79 defining die cavity 68. While the fluid is pressured,
the ram cylinders 85 are forced longitudinally inwardly towards one another so as to cause
the metal material of the blank T to flow to maintain the wall thickness of the hydroformed
blank within + 10% of the original wall thickness.

The upper drawform cylinders 56 each includes a hydraulic cylinder chamber 57 and
an extensible and retractable piston rod 69. The lower drawform cylinders 58 are disposed

-6 -
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within lower cylinder compartments 76 and each includes a hydraulic cylinder chamber 90
and an extensible and retractable piston rod 92. The piston rods 69, 92 reciprocate with
respect to the fixed cylinder chambers 57 under the controlled force of hydraulic o1l supplied
under pressure to the chambers 57, 90 as will be appreciated by those skilled in the art. The
piston rods 69 and 92 have cylindricali punch members 71 and 94, respectively, fixed to
distal end portions thereof. When the piston rods 69 and 92 are extended, the punch
members 71 and 94 extend into the die cavity 68 to perform a drawforming function which
is described later.

FIGS. 4 to 10 generally illustrate the hydro-drawforming process of the present
invention. In FIG. 4, the upper and lower drawforming punches 71, 94 are shownin
their retracted positions with the upper drawform punches 71 extending through holes 70
in the upper die main block 60 and into the die cavity 68 and the lower drawform punches
94 extending through holes 82 in the lower die main block 72 and into the die cavity 68 in

opposing relation to the upper punches 71. The tubular blank T is loaded into position on
the lower hydroforming die half 54.

In FIG. 5 the hydroform press upper die half 52 has been lowered onto the lower die

half 54, deforming the tubular blank T into an irregular oval cross-sectional configuration
along most of its longitudinal extent. The hydroform press is kept closed under extreme
pressure.

In FIG. 6, the ram cylinders 85 are sealingly engaged with the opposing end portions
of the blank T and a substantially incompressible hydroforming fluid F is delivered to the
hollow interior of the blank T through orifice 87 in one of the ram cylinders 85. The fluid
F is pressurized to diametrically expand the wall of the blank T outwardly against the
interior surfaces 67, 79 which define cavity 68. Hydraulic pressure drives rams 85 inwardly
towards one another to maintain the wall thickness of the wall of blank T as the wall is being
diametrically expanded. The upper and lower drawform punches 71, 94 remain in their
respective retracted positions, and the wall of blank T deforms over the slightly protruding
distal end portions 96, 98 of the upper and lower drawform punches 71, 94. _

FIG. 7 illustrates the drawforming of the cup-shaped recessed portions 42, 44. First,
the internal fluid pressure is reduced slightly a selected level to allow material movement
of the hydroformed blank T. The upper and lower drawform cylinders 57, 90 are

pressurized to extend the upper and lower piston rods 69, 92 inwardly toward one another
so that the drawform punches 71, 94 push the generally opposed wall portions of the
hydroformed tubular blank T generally inwardly toward one another to substantially equal

-7 -
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predetermined depths so as to form the recessed portions 42, 44. The reduced internal fluid
pressure provides internal support for the tubular blank T so that the recessed portions 42,
44 are localized at the areas which are in contact with the drawform punches 71, 94. The
surfaces of the punches 71, 94 should be sufficiently smooth, with rounded edges or corners,
to prevent the punches 71, 94 from piercing or cutting the tubular blank T. Withthe recessed
portions, 42, 44 drawformed as described above, the bottom wall portion 41, 47 of each
recessed portion 42, 44 will be spaced apart from one another. This is preferred so that the
wall thicknesses of the bottom wall portions of the recessed portions 42, 44 are not thinned
by compression between the punches 71 and 94. However, it is within the scope of the
present invention to engage the bottom wall portions 41, 47 together. The blank T has now
been conveniently hydroformed and drawformed in accordance with the principles of the
present invention while occupying the same position in the same piece of equipment.

In FIG. 8 the internal fluid pressure is released and the fluid is allowed to drain from
the hydro-drawformed tubular blank T. The upper drawform cylinders 57 and lower
drawform cylinders 90 are now pressurized in a manner which retracts the upper piston rods
69 and lower piston rods 92 and associated punches 71 and 94. The upper press ram is

moved upwards to lift the upper die half 52 from the lower die half 54. The hydro-
drawformed blank T is then removed from the hydro-drawformingassembly 50 and placed
on racking to be moved to the next operation.

The tubular blank T can be cut in half to form two substantially identical tubular
members 12 which can be used individually in an injection molding operation to form two
separate vehicle frame members 10 of the type illustrated in FIG. 1. The tubular blank T
can also be injection molded prior to such cutting. Alternatively, the present invention
contemplates that only one tubular member need be hydroformed and drawformed at a time.
In such a method, a shorter tube blank T is used, and only one upper die cylinder 56 and one
lower die cylinder 58 would be used in the hydro-drawforming assembly 50.

In FIG. 9, the cut hydro-drawformed tubular member 12 is placed in a piercing
assembly 98. The tubular member 12 is placed at a preset position on a lower die 100,
which is fixedly mounted to a press bed. A punch tool 102, which is mounted to a movable
upper press ram (not shown), moves in a generally vertical reciprocating motion and is
engaged to start its downward stroke. Fixed to the forward end of the punch tool 102 is a
central tubular cutting or hole-forming member 104 having a sharpened circular cutting edge
105. Two or more smaller circular cutting or hole-forming members 106 are formed

integrally with punch tool 102 and disposed in abutting or adjacent relation on diametrically
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opposing sides of the central cutting member 104. The punch tool 102 is lowered and the
cutting edge 105 cuts substantially aligned holes or openings in the center of the bottom wall
portions 41, 47 of recessed portions 42, 44.

The punch tool 102 continues downward until the smaller cutting members 106
come into contact with the bottom wall portions 41, 47 of the recessed portions 42, 44 and
form two or more pairs of substantially aligned holes on opposite sides of the aligned holes
formed by cutting edge 105. This results in a central hole 114 and two or more smaller
holes 116 on opposite sides of central hole 114 being cut into the recessed portion 42, and
a lower central hole 118 and two or more smaller holes 120 on opposite sides of hole 118
being cut in the recessed portion 44. Scrap slugs 122 punched from central holes 114, 118,

and slugs 124 punched from smaller holes 116, 120 are pushed through and ejected out of
the bottom of the die 100. The smaller holes 116, 120 form the aforementioned holes 30 1n

the finished product. The central holes 114 and 118 form part of the central bore 28
described above.

The punch tool 102 continues its downward stroke to a predetermined depth. The
punch tool 102 has an annular lip-forming ridge 123 radially outwardly spaced from circular
cutting members 106. The lip-forming ridge 123 cooperates with the lower die 100 to form
an annular groove 124 1n the bottom wall portion 41 of the recessed portion42. The groove
124 forms the annular sealing lip 22 in the finished product and is brought into sealing
contact with the bottom wall portion 47 of the recessed portion 44. This punching and seal
formation completesthe constructionof the tubular member 12 of the vehicle frame member
10. After the punch tool 102 has reached its preset depth, the press ram and punch 102
move upward to the home position, and the pierced hydro-drawformed tubular member 12
1s removed from the lower die 100.

It 1s within the scope of the present invention to form the annular seal between the
bottom wall portions 41, 47 of the recessed portions 42, 44 during the hydroforming
operation. To do so, one of drawforming punches 71, 94 would have a lip-forming ridge
(not shown) and the other drawforming punch 71, 94 would have a groove (not shown).
Like the punch tool, the drawform punches 71, 94 press the bottom wall portions together
so that the ndge and groove cooperate to form an annular sealing lip on one of the bottom
wall portions 41, 47.

In FIG. 10, the pierced hydro-drawformed tubular member 12 has been moved to an
injection molding station where it is placed in an injection molding die 130. The mounting

sleeve 38 (See FIGS. 1, 2) 1s inserted through the upper central hole 114 and lower central

-9.-
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hole 118 of the hydro-drawformed tubular member 12. The lower longitudinal end portion
of the mounting sleeve 38 is inserted over the rounded upper end of a lower locating core
pin 136 in lower injection molding die half 132. The upper injection molding die half 134
1s then lowered onto lower molding press die half 132, and the rounded lower end of an

5  upper locating core pin 138 is received within the upper longitudinal end portion of the
mounting sleeve 38.

A molten shock absorbing material, such as a plastic or rubber compound R, is
injected into the molding die 130 through a runner 140, and is then forced under pressure
through a tunnel gate 142 and into a mold cavity 144. The cavity 144 is defined by an upper

10 interior mold cavity surface 146, a lower mold interior cavity surface 148, and the interior
surfaces of the upper and lower recessed portions 42, 44. The upper mold half 134 and
lower mold half 132 form a leak-proof seal around the recessed portions 42, 44 of the hydro-
drawformed tubular member 12 and the exterior surface of the mounting sleeve 38. The
injected molten rubber'material R passes from the upper recessed portion 42 through the two

15 or more holes 116 in the bottom wall portion 41 of the recessed portion 42, then through the
two or more lower holes 120 in the bottom wall portion 47 of the recessed portion 44 and
into the lower recessed portion 44. The molten shock absorbing material R is prevented
from being forced into the internal confines of the vehicle frame member 12 by the annular
sealing hip 22 provided by the previous operation illustrated in FIG. 9. The upper die half

20 134 and lower die half 132 remain in sealed engagement for a set time to allow the injected

material R to cure or solidify. The mold 130 is then opened, and the finished hydro-
drawformed vehicle frame member 10, with the integral shock absorbing mounting portion
as shown 1n FIGS. 1 and 2, is removed from the injection molding tool 130.
The cured or solidified rubber shock absorbing material R filling recessed portion
25 42 forms the upper disk 15, while the shock absorbing material filling recessed portion 44
forms the lower disk 17. Because the disk portions 15, 17 are integrally connected through
holes 116, 120, the disks 15, 17 are locked to the tubular member 12.
By using the above described invention, quality issues relating to the' fit between the
current shock mount separate component and hydroformed tube is eliminated and push-out
30  failures are greatly reduced. There is also a reduction in the number of operations, thus

reducing tooling costs and part costs.

It can thus be appreciated that the objects of the present invention have been fully
and effectively accomplished. It is to be understood that the foregoing specific embodiment
has been provided to illustrate the structural and functional principles of the present

- 10 -
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Invention and is not intended to be limiting. To the contrary, the present invention is
Intended to encompass all modifications, substitutions and alterations within the spirit and

scope of the appended claims.
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WHAT IS CLAIMED IS:
1. ‘A method for making a motor vehicle frame member having a shock absorbing

‘mounting portion compnsing:

disposing a tubular blank in a mold cavity of a hydroforming die, said die having
interior surfaces defining the mold cavity and a reciprocating drawforming member movable

inwardly and outwardly with respect to said cavity;

supplying a substantially incompressible hydroforming fluid to an interior of said
tubular blank;

pressurizing said fluid so as to expand said tubular blank against the intenor surfaces
defining said mold cavity to provide said blank with a shape generally defined by said
interior surfaces;

moving said drawforming member inwardly with respect to said mold cavity so that
sald drawformingmember deforms a portion of said tubular blank to form a recessed portion
in said blank;

relieving the fluid pressure and removing the tubular blank from said hydroforming
die;

disposing a mounting structure within said recessed portion, said mounting structure
being constructed and arranged to be joined with another structural component of the motor
vehicle;

disposing said tubular blank with said mounting structure within said recessed
portion in an injection molding die;

injecting molten shock absorbing material so that said molten material substantially

fills said recess in surrounding relation to said mounting structure; and

thereafter solidifying said molten shock absorbing material to secure said mounting

structure in said recess.

2. A method according to claim 1, wherein said hydroforming die has a pair of said
drawforming members movable inwardly with respect to said cavity generally towards one
another and outwardly with respect to said cavity generally away from one another, and
wherein moving said drawforming member inwardly with respect to said cavity comprises

moving both said drawforming members inwardly with respect to said cavity generally

~ towards one another so that said drawforming members deform generally opposing portions

of said tubular blank inwardly toward one another and towards the interior of said blank to

-12-
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form a pair of generally opposing recessed portions each having an annular side wall portion
and a bottom wall portion formed integrally with said annular side wall portion, said method
further comprising:

forming an annular seal between said bottom wall portions;

forming openings through each of said bottom wall portions inwardly of said annular
seal so as to communicate said recessed portions before disposing said blank and said
mounting structure in said injection moiding die;

said mounting structure being disposed inside both said recessed portions;

said tubular blank being disposed inside said injection molding die with said
mounting structure inside both said recessed portions such that interior surfaces of both said
recessed portions, said exterior surface of said mounting structure, interior surfaces of said
injection molding die, and the annular seal formed between said bottom wall portions
cooperate to form a sealed shock absorbing maternial receiving space;

saild molten shock absorbing material being injected into said shock absorbing
material receiving space so that said molten material flows through said openings formed

in said bottom wall portions, surrounds said mounting structure and substantially fills said

material receiving space; and

said molten shock absorbing material being solidified so that solidified shock
absorbing material inside one of said recessed portions is integrally connected to solidified

shock absorbing material inside the other of said recessed portions.

3. A method accordingto claim 1, wherein the expanded tubular blank is removed from

the hydroforming die before forming said annular seal.

4. A method according to claim 2, wherein both forming said annular seal and forming
said openings are performed by engaging a punch tool with said bottom wall portions of said
recessed portions such that (a) hole-forming portions of said tool cut through said bottom
wall portions to form said openings, and (b) a seal-forming portion of said tool forms an
annular sealing lip on one of said bottom wall portions and forces said annular sealing lip
into sealed engagement with the other of said bottom wall portions.

3. A method according to claim 1, wherein prior to said supplying, the hollow interior
of said tubular blank is sealed by sealing opposing longitudinal end portions of said tubuiar
blank, said method further comprising:

pushing the opposing end portions of said tubular blank inwardly towards one

-13-
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énoth.er while pressurizing said fluid so as to maintain the wall thickness of said tubular
blank within a predetermined range of its original thickness as said tubular blank is being
expanded.
6. A method according to claim 5, wherein said opposing end portions of said tubular
blank are sealed by engaging a pair of hydraulically driven rams in sealing relation with said
opposing end portions and wherein said opposing end portions are pushed inwardly by
driving said hydraulic rams inwardly with respect to said tubular blank as said tubular .blank
is being expanded, at least one of said hydraulic rams having a fluid supply port through
which said fluid is delivered to the hollow interior of said tubular blank.
7. A method according to claim 1, wherein said fluid is pressurized to a peak
pressurization level while said tubular blank is being expanded, said method further
comprising:

reducing the fluid pressure to a selected pressure level lower than the peak pressure

level after expanding said tubular member and before forming said recessed portions.

8. A method according to claim 1, wherein said drawforming members are
hydraulically driven.
9. A method according to claim 8, wherein each of said drawforming members is a

generally cylindrical piston and wherein the recessed portions are generally cylindrical.
10. A method according to claim 1, wherein said hydroforming die comprises first and

second cooperating hydroforming die halves.

11. A methodaccordingto claim 1, wherein said injection molding die comprises first
and second cooperating injection molding halves.

12. A method according to claim 2, wherein said mounting structure is a tubular
mounting member and wherein said mounting structure is disposed inside each of said
generally opposed recessed portions by inserting said tubular mounting member through one

of said openings before disposing said tubular blank in said injection molding die.

13. A method accordingto claim 12, wherein said tubular mounting member is threaded

internally.

14. A method according to claim 1, wherein said shock absorbing material is rubber.

15. A method according to claim 1, wherein the tubular blank is formed from steel.
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16. A frame member for a motor vehicle to be joined to another structural component

within said motor vehicle in shock absorbing relation, said frame member comprising:

e hydroformed tubular member (12) having a main tubular wall portion (16, 18, 20)
surrounding 2 hollow interior.(23) and & recassed portion (42, 44) meﬁding from said rmain
tubular wall portion (16, 18, 20) inwardly toward said hollow intarior (23), said recessed
portion (42, 44) being formed integrally with said main tubular wall portion (16, 18, 20);

mounting structurs (38) disposed within said recessed portion (42, 44) and being

constructed and arranged to enable said frame member (10) to be mountad 10 the suucmral
cormmponent within the motor vehicle; and

solidified shock absorbing material (R) dxsposed within said recessad portion (42, |
44) and surrounding said mounting structure (38) such thst said mounting structure (38) can
be resmently mounted to the aforesaid siructural component in & manney that permits
hmited rclatwe movement hetween said hydmformed tubular member (12) and said
mounting structure (38) and hence berween said hydroformed tubular member (12) and the
structural component, characterized by

said shock absorbmg material (R) being molded onto said imiegrally formed
rccessed portion (42, 44).
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hollow interior and a recessed portion extending from said main tubular

bortion
inwardly toward said hollow interior, said recessed portion being formed intégrally with said

main tubular wall portion;

mounting structure disposed within said recessedportion and being constructed and

arranged to enable said frame member to be mounfed to the structural component within the

motor vehicle; and

solidified shock absorbifig material disposed within said recessed portion and
surrounding said moynting structure such that said mounting structure can be resiliently

mounted to the aforesaid structural component in a manner that permits limited relative

movenrrént between said hydroformed tubular member and said mounting structure and

a ¥ TAYmasT A
- -

17. A vehicle frame member according to claim 16, wherein said recessed portion
comprises a pair of generally opposed recessed portions deformed inwardly from said
tubular wall portion and extending inwardly into said hollow interior, each of said recessed
portions having an annular wall portion formed integrally with said tubular wall portion and
a bottom wall portion formed integrally with said side wall portion;

each of said bottom wall portions having a plurality of openings formed therethrough

- communicating said recessed portions;

said mounting structure being disposed inside each of said recessed portions,

said solidified shock absorbing material being disposed inside each of said recessed
portions and surrounding said mounting structure, the solidified shock absorbing matenal
disposed inside one of said recessed portions being integrally connected to the shock
absorbing material disposed in the other of said recessed portions through said openings.
18. A vehicle frame member according to claim 17, wherein the openings on one of said
bottom wall portions are substantially aligned with the openings on the other of said bottom
wall portions.
19. A vehicle frame member according to claim 17, wherein said mounting structure 1s
a tubular mounting member inserted through an aligned pair of said openings with opposing
end portions of said tubular mounting members extending outwardly from said recessed

portions and said shock absorbing material disposed inside said recessed portions.
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20. A vehicle frame member according to claim 19, wherein said tubular mounting
member 1s internally threaded.

21. A vehicle frame member according to claim 17, wherein each of said recessed
portions is generally cylindrical.

22. A vehicle frame member according to claim 17, wherein said shock absorbing
material is disposed within each of said recessed portions by disposing said hydroformed
tubular blank inside an injection molding die, then injecting molten shock absorbing
material into said recessed portions so that the molten shock absorbing matenal flows
through the openings formed in said bottom wall portions, and thereafter solidifying the

moiten shock absorbing material.

23. A vehicle frame member according to claim 22, wherein said shock absorbing

matenal 1s rubber.

24. A vehicle frame member according to claim 17, wherein said recessed portions are
formed while said tubular blank is disposed inside a hydroforming die by moving a pair of

generally opposing drawforming members generally inwardly towards one another while

pressurized fluid is supplied to the hollow interior of the tubular blank.

25. A vehicle frame member according to claim 16, wherein said hydroformed tubular

blank 1s made from steel material.
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