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(57) Abrege(suite)/Abstract(continued):

predetermined dimensions to facilitate the Installation of a grease fitting. During assembly, various Internal components of the
movable socket, including the pressure plate, are installed within a housing (12) through a posterior opening (16) with the cover-
plate Is positioned over the components. A two-stage ram (100) having a contact surface and a concentric pivot punch (142, 158)
IS brought into engagement with the cover-plate. Pressure exerted by the two-stage ram Is transferred to the cover-plate through
the contact surface, expanding the cover-plate to conform to the contact surface and enclosing the internal components within the
socket housing. The exerted pressure additionally results in the extension of the concentric pivot punch into the central orifice of the
cover-plate, controlling the expansion of the cover-plate and establishing the central orifice to predetermined dimensions upon
closure of the socket housing.
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Abstract of Disclosure

An assembly techni\que and device for enclosing an open end of a mo\vable
socket (10) comprised of fully hardened materials with an expanding cover-plate
(66) and for controlling the exbans_ion of the cover-plate (66) to provide a central
orifice (67) of predetermined dir'n‘ensions to facilitate the installation of a grease
fitt\in'g. During assembly, various internal'componénts of the movable socket,
including the pressure plate, are installed within a housing (12) through a posterior

opening (16) w?th the cover-plate is positioned over the components. A two-stage
ram (100) having a contact surface and 'a concentric pivot punch (142, 1 58) is

~brought into e.ngagementiwith the cover-plate. Pressure exerted by the two-stage
ram is transferredto_the'cover-plate. through the contact surface, exp.andinxg the
cover-plate to conform tb the contact surface and enclosing the internal

~ components within'the socket housing. The exerted pressure additionally results in
the extension of the concentric pivot punch into the central orifice of the cover-
plat_e,l controlling the expansion of the cover-—platé and establishing the central

orifice to predetermined dimensions upon closure of the socket housing.
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DEVICE AND METHOD FOR
SIMULTANEOUSLY CLOSING.A

MOVABLE SOCKET WHILE
ESTABLISHING A PREDETERMINED

BOSS HEIGHT AND SIZED CENTRAL
ORIFICE

Background of Invention

This invention relates to the manufacturing and assembly of movable sockets,
for example, ball-joints as used in automotive steering and suspens'ion systems '
and more particularly, to a method and device for performmg dual operatlons of
closmg one end of a movable socket without spinning, swaging, or weldmg, by
means of an expanding cover-plate, and for producing a centrally located orifice of
predetermined size in the cover-plate. While the invention is described 'in detail with
réspect to automotive applications, those skilled in the art will recognize the

broader applicability of the invention.

Convéntional ball-joints, and other movable sockets are used, for ex?amp.le, in
automotive steering and suspension applications. The sockets comprise a housing
having a circular cylindrical internal surface, a ball stud with a ball head contained
in the housing, and a synthetic resin, heat treated steel, or sintered alloy bearing
member supporting the ball head within the housing. These components are
installed into the housing throug.h a posterior opening, with the ball stud extending
outward through an axially disposed anterior opening of a smaller diameter than
the ball head. Traditionally; the posterior opening is closed by means of a cover-

~plate, which is spun or swaged in place, as seen in Figures TA~1D. Alternatively, the

cover-plate may be welded into place.
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Cover-plate elements are traditionally formed from a'stamping process,
whereby individual co-mpone‘nts having desired dimensions are stamped from metal
sheets. Either during the stamping*process orina subsequent r'n'.a'nufacturing step,
‘a raised boss may be dra\;vn or stamped into the cover-plate, and a centrally located
hole of predetermined dimensions punched therein to receive a self-tapping or

threaded grease fitting.

Once secured in place, the cover-plate presses on-the bearing member either
directly or indirectly through a resilient rubber intermediate component and a

pressure plate.

Bearing combonents within the housing, against which the ball head or
moveable component is articulated, perform best when the housing material is fullix
hardened, as it iS better able to withstand the stresses and frictional wear
associated with moveme’nt"of the bearing components. Accordingly, the use of
‘hardened .mate'rials greatly extends the useful life of the bearing components and
the"housing. However, hardened material surfaces greatly' hihdér traditional

spinning, swaging, or welding operations required to enclose the housing. o

As described in U.S. Patent No. 6, 202,280 'gran'ted March 20, 2001
| ‘a method and device for expanding a conical or
convex cover-plate within the posterior opening may be employed to seCUr_e and
enclose the socket components within the socket housing, allowing for closure of a
fully hardened housing wjthout the need for tfaditional spinning, swaging, or

welding operations.

Alternatively, as is described in U.S. Patent No. 6,125,541 to Parker,.

a two-stage ram having first and second contact
surfaces may be utilized to first expand a conical or convex wear-indicator style
cover-plate within the posterior opening of a housing, and then to further deform
the cover-plate to a predétermined final position relative to the internal .
components of the socket to provide a predetermined wear indicator distance. Once
assembled, movable sockets may be utilized as load carrying members in numerous
mechanical systems, including automotive vehicle suspension and steering systems.

Obviously, movable sockets or ball-joints employed in these applications are
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subjected to various operating conditions, and may be required to carry substantial
loads. When wear develops, the performance of the movable socket or ball-joint
degrades and, in the case of automotive applications, may result in erratic steering

or excessive looseness and play in the vehicle suspension system.

Accordingly, it is highly advantageous to .develop aram device capable of both
expandin‘g a conical or convex general-—-purpose c’dver-plate‘ within a socket
houSing‘to enclose the housing without the need for specialized spinning, swagi'ng,
or welding operations. It is further highly advantageous to incorporate into thé ram

" device, eleme‘nts for establishing a desi'red cover-plate contour and a central orifice
'i.n the general-purpose cover-place of a predétermined size for the installation of a

self—-tapping grease fitting in a single' machining operation.
Summary of Invention
Accoi'ding to aspects of the present invention there is provided:

The provision of an apparatus for expanding a conical or convex cover-plate to
secure socket components within a socket housing and for establishing a central
“orifice in the cover-place of a predetermined size for the installation of aself-

tapping gr,e_ase‘ fitting in a two-stage continuous operation;

The provision of the aforementioned apparatus wherein a contact sur'face:
expands the cover-plate within the housing, and an axially aligned pivot punch
independently establishes a central orifice in the cover-place of a predetermined

size for the installation of a self-tapping grease fitting;

The provision of the aforementioned apparatus wherein the contact surface is
- configured to expand the cover-plate within the housing and to produce a centrally
located raised section or boss of predetermined height for clearance of internal

socket components:

The provision of the aforementioned apparatus wherein the contact surface and

the pivot punch are concentrically mounted within a ram housing;
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The pro{/ision of the aforementioned apparatus wherein the pivot punch

prevents the cover-plate from collapsing into a downward concave configuration

- during expansion; ]
The provision of the aforementioned apparatus wherein the pivot punch holds
the cover-plate\against the contact surface, forcing the cover-plate to conform to

the s-urféce configuration of the contact surface;

The provision of the aforementioned apparatus wherein the profile of the
~ contact surface may be altered to numerous configurations ranging from flat to that -

which produces a centrally located raised section or boss in the cover-plate;

The provision of the aforementioned apparatus wherein the pivot punch
includes an axial bore 'facilitat_ing the injection of lubricant into the socket assembly

in a single machining operation with the socket closing and orifice formation.

The provision of a method for use of the aforementioned apparatus wherein the
cover-plate expansion operation and the cover-plate orifice establishing operation
- are integrated into a two-stag.é continuous pressing operation; The provision of thé
aforementioned method of use wherein the cover-?-p|ate expansion operation is a
first stage opération, and the cbver-plate orifice establishing operation is a second

stage or sequential operation; and

- The provision of the aforementioned apparatus and method which simplifies the
assembly and manufacture of movable sockets to close tolerances while providing

minimal unit-to-unit variations.

Briefly stated,'the present invention features an assembly technique for
enclosing an open end of a movable socket comprised of fully hardened materials
with an expanding cover-plate and for establishing a central orifice in the cover-
place of a predetermined size for the installation of a self-tapping grease fitting.
During assembly, various internal components of the movable socket, including a
pressu're plate, aré installed within a housing through a posterior opening and a
conical or convex cover-plate is positioned over the components within the
posterior opening. A ram of the preseﬁt invention having a contact surface is

brought into engagement with the cover-plate. Pressure exerted by the ram is

4
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transferred to the cover-plate through the contact surface, expanding the cover-
plate. As the pressure is exerted by the ram, a coaxially located p'ivot punch is
extended thr_0ugh a central bore in the contact surface, and engages an inner edge
of the cover-plate. Continued engagement between the contact surface, pivot
punch, and the cover-plate results in the cover-plate conforming to the contour of
the contact surface during the éxpansion process, enclosing the internal
components within the socket housing. As the cover-plate expands, the
engagement between the pivot puhch and the inner edge of the cover—plate' -
established a central orifice in the cover-plate of a predetermined size. Additionally,

lubricants may be injected into the now closed socket through a central bore in the

pivot punch.

According to an aspect of the present invention, there’is provided a cover-plate
assembly tool for deforming an expandable cover-plate to enclose one end of a movable
socket housing configured to receive a grease fitting, and to establish a central orifice of
predetermined dimensions in said cover-plate to receive said grease fitting, comprising: a
two-stage ram adapted for use with a press machine, said two-stage ram having a working
face for expanding said cover-plate under a load to a desired configuration, and a concentric
pivot punch for. controlling said expansion and for sizing said central orifice in said
expandable cover-plate to predetermined dimension for receiving a grease fitting.

According to an aspect of the present invention, there is provided a method for
enclosing one end of a movable socket within a housing with an expandable cover-plate
having a central orifice configured to receive a grease fitting, and simultaneously
establishing said central orifice to predetermined dimensions to receive said grease fitting,
comprising the steps of: assembling internal components of said movable socket within said
housing, with said expandable cover-plate disposed over said internal components:

positioning a two-stage assembly tool in axial alignment with said expandable cover-plate;

exerting a load on said two-stage assembly tool such that a working face of said two-stage

assembly tool moves along said alignment axis to contact said expandable cover-plate, and

5



CA 02376492 2004-11-17

a concentrically disposed pivot punch extends to seat within said central orifice; increasing

said exterted |oad to axially displace said working face into contact with said housing,

displacement of said working face and said pivot punch expanding said expandable cover-
plate into conformance with said working face, eﬁclosing said- internal cbmponents within
said housing of said movable socket, and establishing said central orifice to predetermined
dimensions corresponding to said pivot punch; and releasing said exerted load to remove
said pivot punch frbm said central orifice and said working face from contact with said
m.ovable socket.

The foregoing and other features and advantages of the invention as
well as presently preferred embodiments thereof will become more apparent ffom

the reading of the following description in connection with the accompanying
drawings. ' ,
Brief Description of Drawings

in the accompanying drawings which form part of the specification:

Figure 1A is a sectional view of a prior art apparatus for spin and swagging

closure of a socket assembly:

Figure 1B is sectional view of the pri‘or art ap_paratus of Fig. 1A compressing the

components of a socket assembly;

- Figure 1C is a sectional view of the prior art apparatus of Fig. 1A engaging and

swaging the hou_sing material of the socket assembly to entrap the cover-plate:

| Figure 1D is a se'ct'io,nal view of the prior art apparatus of Fig. 1A upbn

completion of the socket closing procedure:

Figure 2 is an exploded view of one .illusirative embodiment of a movable socket

assembly employing the expanding cover-plate of the present invention:

Figure 3 is a partial view'illustfating the movable socket of Fig. 2, with the upper

end components in-place, prior to expansion of the cover-plate:

S5a
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Figure 4 is a sectional view of the two—stage"assémbly tool of the present

~ invention;

Figure 5 is a section view similar to Figure 4, illustrating the contact surface of a
removable stop-out plate and,a' pivot punch In engagement with an unexpand'ed

cover-?plate of a ball-joint housihg_assembly;

Figure 6A is an enlarged sectional view of the engagement region in Fig. S

between the contact surface, pivot pi.mch, and unexpanded cover-plate;

Figure 6B Is a view of Fig. 6A as pressuré IS exerted against the cover-plate by
the contact surface, resulting in engagement between the cover-plate inner edge

.and the pivot punch;

Figure 6C is a view of Fig. 6A as cbntinued pressure is exerted against the
cover-plate by the contact surface, and the engagement between the pivot punch
and the inner surfacé of the cover-plate conforms the cover-plate to the contact
surface and into engagement'with fhe housing while establishing é central orifice of

predetermine dimensions; and

Figure 6D is a view similar to Fig. 6A, illustrating the closed housing assembly
following expansion of the cover-plate and establishment of a central orifice of

predetermined dimensions by the tool and method of the present invention.

Corresponding reference numerals indicate corresponding parts throughout the

several figures of the drawings.

Detailed Description

The following detailed description illustrates the invention by way of example
and not by way of limitation. The description clearly enables one skilled in the art to
make and use the invention, describes several embodiments, adaptations,

variations, alternatives, and uses of the invention, including what we presently

believe is the best mode of carrying out the invention.
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_Referring generally to Figures 2and 3 the two-stage expanding cover-plate

_assembly method of the present invention may be used to enclose a movable

. “socket such as the ball-joint shown at 10 within a housmg 12 without the need for

spmnmg, swaging, or weldmg Those skx!led in the art will readily recognize the
applicability of the following m\ethod to the assembly of a variety of different
movable sockets; to facilitate the description of the method and devices used in

- conjunction therewith, the preferred embodiment of present invention is described

_in reference to a ball-joint 10, but is not limited to. use therewith. -

HouSing 12, within which the various internal components .Of the ball-joint are
enclosed, is g-enerally cflindrical, With a central bore 14 of non-uniform radius
having a posterior opening 16 and an anterior opening 18 The radius R of central
bore 14 decreases to define a curved surface 20 at the base of the housing,
adjacent ehferiof openiné 18. A counterbore 22 having a circumferential groove 24"
is formed in bore 14, adjacent the posterior opening 16. The exterior surface 26 of
housing 12 may follow the general contour of the central bore 14. In the
embodament illustrated, the surface 26 has an expanded ridge 28 formed in it. The .
| rldge 28 is used for attachment of ball-joint 10 to other components (not shown).
As may be appreciated, the ridge 28 also may be adapted for other specific kinds of

installations employing threads or other connectors (not shown).

To assemble ball-joint 10, a bearing' 30 sized to fit within central bore 14 is
seated within housing 12. The bearing 30 includes a central bore 32 axially aligned
with a vertical axis VA of the housing, and a curved outer surface 34 of bearing 30

is designed to correspond to the curvature of surface 20 in housing 12.

Next, a stud 36 having a generally cylindrical body 38 and an enlarged head
portion 40 with a circumferential flange 42 is passed through central bores 32 and
14, such that the underside 44. of flange 42 rests on an upper surface 46 of the
bearing seated within the housing. The body 38 includes a uniform diameter upper
portion 50 adjacent flange 42, a tapered central portion 52; and a lower portion 54
of a narrow uniform diameter. The upper portion 50 is sized to fit within the central
bore 32 of bearing 30, with the central portion 52 and lower portion 54 extending

through the anterior opening 18, externally of housing 12. The head portion 40

7
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includes a_hemispherical surfac'e.5_6 with a radius Rh greater than that of upper
portion 50, but less than\radius R of the housing 12. When assembled, the

| hemispherical surface 56 end the curved outer surface 34 define a generally
spherical unit within housing 12, allowing for cqhicai movement of stud 36. THose
skilled in the art will irea‘dily recognize that-n‘urnerous' shapes and configurations for
stud 36 and bearing 30 are possible. For example, the stud 36 may include a
generally spherical head, eliminating the need for bearing 30, or the cylindrical
body mey include threads (not shown), bores as at 58, or grooves as at 60, for

attachment of external components (not shown).

- Once stud 36 and bearing 30 are seated within the hbusing,__a pressure plate 62
and a rubber cushion preload device 64 are placed within central bore 14, arbove
hemispherical surface 56, and secured therein by an expanding cover-plate 66
having an axial bore 67 as described below. The pressure plate 62 sits on top of
stud 36, and includes a curved indentation 68 having a radius of curvat:.ire
corresponding to Rh. in the preferred embodiment, a Iubricetion port 70 is formed
at the center of the pressure plate 62. Port 70 permits the injection of a lubricant
into the interior spaces of th:e assembled ball-joint 10. The rubber cus_hibn preload
device 64 sits, in turn, on an upper surface 72 of pr‘essure plete 62, and serves to
hold the pressure plate 62 in place against the -stud 36 while simultaneously
permitting small movements in reSpohse to the conical movement of the stud. The
rubber cushion preload device comprises a cylindrical body 74, having ah axial
passage 76 formed in it. Finally, cover-plate 66, shown in an un-expanded conicel
configuration in Fig. 2, is placed above the rubber cushion 64 adjacent courrter—
bore 22, for vertical compression and lateral expansion as will be described, to seat
within. circumferential groove 24 and enclose the various components within
housing 12. To facilitate the insertion of the cover-plate 66 within the posterior
opening of housing 12, the cover-plate 66 includes a circumferential rim 78 having
and outer diameter OD sized to fit within counter-bore 22. Figure 3illustrates the

arrangement of the ball-joint 10 upper component‘s 36, 62, 64, and 66 p-rior to the

- expansion of the cover-plate 66.
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~ As indicated above, thoSe skilled in the artwill recognize that the various
internal components of the moveable socket secured within the housing 12 by the
| cover-plate 66 may be varied in size and shape depending upon the particular '
applncatlon for which the movable socket is designed, and accordingly, the above

described ball-joint 10 is merely exemplary of one embodiment. The assemblv
method described in U.S. Patent No. 6,202,280 for installing the expanding cover-plate 66 is

applicable to any movable socket wherein one end of the housing 12 must be enclosed to

retain internal components in place.

. Turning now to Fig. 4 and Fig. 5, an improved two-stage assembly tool or ram
for use with the expanding cover-plate 66 is shown generally at 100. The two-stage
assembly tool 100 comprises a cylindrical housing 102 having a central axis CA, ‘
mounted concentrlc to a housing adapter 104 Housing adapter 104 mcludes an
axnally aligned lubrication injection passage 105, surrounded by an O-rmg seal
105A and |s secured to a head adapter 106 by a number of retammg bolts 108 |
circumferentially spaced about the axis CA. Each retammg boit 108 IS secured to 2 : '
threaded recess 109 in the housmg adapter 104 through a threaded bore 110 in a
circumferential fIange 112 of the spin. head adapter 106. In the preferred
embodlment shown in Flgs. 4 and 5, the headﬁdapter 106 is confugured wuth' an
external surface 114 for attachment to the driving member of a hydraulic or
pneumatic press (not shown), and the housing adapter 104 is secured to the spin
head adapter 106 by three equidistantly spaced identical retaining bolts 108. The '
| head adapter 106 further includes a lubrication injection port 107 aligned to
delivery a lubricant flow to the axially aligned lubrication injection passage 105 in

the housing adapter 104.

- The cylindrical housing 102 of the two-stage assembly tool 100 includes a bore .
116 concentric with the central aXis CA and an i_nwardly—protruding circumferential
shoulder 118 adjacent a poSterior end 120 of bore 116. When assembled, the
shoulder 118 seats against a circumferential flange 122 on the housing adapter
104, thereby retainihg the housing portion 102 on the spin head adapter 106. The
anterior end 124 of the housing 102 is enclosed by a mounting plate 126 seCured
to the housing portion 102 by a number of identical countersunk cap screws 128

threaded into recesses 129. In the preferred embodiment, a total of six socket-head

9
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cap screws 128 are equidistantly spaced about the circumference of the anterior
end 124.

The mounting plate 126 comprises a torus body 1'27 having a rectangular
cross-section, and is configured with a number of flanges for attachment of various
components. First, an outer circumferential flange 130 extends radially outward
from the body 127 to seat on the anterior end 124 of the housing 102. The flange
130 includes a number of |dent|cal countersunk threaded bores 132 through Wthh

| the identical cap screws 128 pass into the housmg 102. Those skilled in the art wrll

| recognize that the number of bores 132 corresponds to the number of cap screws
128 utilized in retaining the mounting piate 126 to the housing .1 02. Extending
radially inward from the body 127, an inner circumferenti_al flange 134 defines an
axial passage 136 through the mounting plate 126. Additionally included‘within the
body 127 are a number of ports 137, for the eq'ualization of air-pressure within the

two-stage assembly tool 100 and for the introduction of a lubricant thereto as

required. Flnally, a cylindrical flange 138 on the anterior surface of the body 127

defines a recessed mount 140 into which a removable stop-out plate 142 is-
secured.

As descrlbed in the U.S. Patent No. 6,202 280;

 stop-out plate 142 best shown in Fig. 4, and Figs. 6A-6D includes a workmg face

144 configured to deform a conical or convex cover-plate 66 into a desired
' configuration and an enlarged axi_al bore 145. The stop-out plate 142 is secured
within the recessed mount 140 by a number of identical cap screws 146, each
threaded through identical radial bores 148 in the cy_lindrical flange 138 and into a
receiving channel 150. In the preferred embodiment, a total of three cap screws 146
are equidistantly space about the central axis CA to retain the stop-out plate 142
within the recessed mount 140, however, one skilled in the art will recognized that
greater or fewer numbers of cap screws may be employed within the scope of this

invention, and that the receiving channel 150 may be replaced by a number of

circumferentially disposed receiving recesses (not shown).

10
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Axially disposed within the bore 116 is a pivot punch 158 having a Cylindrical

L -

body 160 and a Iongltudmal bore 162 axially aligned wnth the central axis CA. A

posterlor end 164 of the body 160 is conflgured to contact the housmg adapter

_"i 04, such that the axial passage 162 is ahgned with the axial passage 105 in the.
housmg adapter 104 An antenor end 166 of body 160, has a tapered exterior
surface and is conﬁgured to extend through the mounting plate axial passage 136

and partlally into the enlarged axial bore 145 of stop-out plate 142.

To provide for a compressive force acting on the pivot punch 158, a die spring
- 174 is placed concentrically around the body 160 in the bore 116, between the
posterior end 164 and the body.i 27 of the mounting plate 126. When installed
within the housing 102, the die spring 174 seats between the mounting plate 126
and an O-ring adapter 167 is seated about the‘ posterior end 164 of the body 160
of pivot punch 158. In the preferred embodiment, the die spring 174 is provided
with an 8461b preload between the O-ring adapter 167 and the mountmg plate 126,

to maintain the pivot punch 158 in a withdrawn posatlon

One skilled in the art will recognize that alternate types of compressible spring
members, such as helically wound springs may be employed within the scope of the
invention, provided the loading tequirement‘s are met. By s'lightly compressing or
preloading the die spring 1 74, an expansion force is directedcoaxially along the
central axis CA, urging the housing adapter 104 and mounting plate 126. in
opposite directions. As is readily appakent from examination of Figs. 4 an 5, the
mounting plate 126 is secured to the cylindrical housing 102, which is in turn
seated against a surface of the housing_adapter 104. The load on the posterior
surface 156 of the mounting plate 126 is transferred to the housing 102 through
the countersunk cap screws 128, causing the shoulder 118 of the housing ]'02 to
seat securely against thecircumferential flange 122 of the housing adapter 104.
The expansion force thereby is seen to hold the housing 102 and associated

components against the housing adapter 104.

11
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Contin'uing to refer to Figs. 4and 5, assembly of the two-stage stop-out two-
stage assembly tool 100 of the present invention begins with the cylindrical housing
102 and the housing adapter 104. The housing adapter 104 is placed within the
housing 102, 'adjacent the posterior end, such that the cirtumferéntidl flange 122
~on the housing adapter seats against the should 118 of the housing 102. Next, the
pivot punch 158 and its associated O-ring washer 167 are seated within bore 116,
concentric with the axis CA. The die spring 174 iS then placed within the housing
bore 116, about the pivot punch 158, such that one ehd of the die spring 174 seats '

against the O-ring washer 167.

To enclose the housihg 102, the mounting plate 126 is axially aligned with fhe |
central axis CA and positioned _against'the anterior end 124 of the housing 10.2,
compressing the die spring 174 to the pfedetermined pfeload. Countersunk cap
~ screws 128 are then threaded into the hdusingll 02 throﬁg'h the mounting plate
bores 132, securing the mounting plate in é fiied relationship with the housing and
retaining the pivot punch 158 within the housing bore 116 in such a manner to ,'
~ allow for a small degree of axial movement of the pivot punch. All axiél movement

of fhe pivot punch 158 is restrained by the die spring 174.\.

The two-stage assembly t_ooi 100 is next secured to the head adapter 106 by '
retéining bolts 108 threaded through bore 110 in the flangé 112 of the héad -
adapter and into the housing ada'pter~ 104. Once secured to the head adapter 106,
the axial bore 105 aligns with a corresponding bore in the spin head adapter,
permitting the injectioh of a lubricant thrbugh the axial bore 105, and into the axial
bore 162 of the pivot punch 158. The final step in assembly the tool 100 is the '
selection and attachment of the removable stop-out plate 142. As is described ish .
u.S. Patent No. 6,202,280, the removable stop—out |
plate includes the working fdce 144 configured to deform a conical or convex
cov\er-;')late 66, and accordingly is selected to correspond to the size and shape of
the cover-plate. The rémovable stop-out plate 142 is positioned axially within the
recessed mount 140 on the mounting plate 126, and secured thereto by the
pl\acement of cap screws 146 threaded through the flange 138 of the mounting

plate 126 and into the receiving channel 150 of the stop-out plate 142.

12
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Turning to Figs. 6A through 6D, the two-stage assembly tool 100 as described '
above is utilized in the closure operations of a bali-joint 10 as follows. First, the
internal components of the ball-joint 10 are stacked within the ball-joint hqusing
12 as described in US Patent No. 6,202,280, and
positioned in.axial alig‘nment beneath the two-stage assembly tool 100, previously
secured to a hydraulic or pneumatic press (not shown) by the head adapter 106.
The initial operation of the two-stage assembly tool is to close the ball-joint as
described in the co-pending'application. A downward force is.exerted by the '
hydraulic or bneumat.icpr'ess, moving the working face 144 of the removable stbp-
out plate 142 into contact with the expanding cover—blate 66. A continued e,x'ertion
of downward force by the hydraulic or pneumatic press shifts the housirig adapter .
104 in an axially downward direction relative to the cylindrical housing 102 of the
two-stage assembly tool 100, compressing the die s'pring 174 until the housing
adapter 104 coritacts the mounting plate 126. The downWaf'd force exerted by the
press is now transferred directly to the working face 144, and. continues until such
time as closure of the ball—joint 10 by expansion of the cover-plat-e 66 is completed
as described in the coh-pendin-.g appl'_icatio'n. Simultaneously'with the exertion of the
compression / expansion forée on the cover-pléte 66, the pivot punch 158 is driven
dowhward by the compression force through the axial bore 145 in the working face,

“and extends into the central opening 67 of the cover-plate 66.

: As best seen in Figures 6B 6D, as the cover—plate 66 begins to deform under the
compression load Afrom the working face 144, the inner surface of the cover plate .
central opening 67 contacts the éxterior Cylindric'al surface 166 of the pivot punch.
The result is an increased radial load on the cover-plate, causing the cover-plate 66
to deform in such a ma’nnér as to conform to the working face 144. Simultaneously,
the exterior cylindrical surface 166 of the pivot punch ensures thét the central
opening 67 in the covér—plate 66 is sized to predeterminéd dimensions
corresponding to those of the pivot punch 158. As seen in Fig. 6C, upon full
eXpansion of the cover-plate ‘66 and th'e closure of the ball-joint 10, the working
face 144 contacts the upper surface of the counterbore 22 in the ball-joint housing
10, and is blocked from further downward movement. At this point, it is desirable to

inject a_quantity of lubricant into the closed ball-joint 10 through the axial bore

13
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162 of thé pivot\ ﬁpunch 158. The lUbri-cant exits the pivot punch 158 at anterior end,

adjacent the'cyl-indrical surface 166, below the now closed cover-plate 66.

U'po_n completion of the deformati_on ‘of. the éxpanded cpve\r-—plate 66 by the
‘iaivot pu‘nth 158, and the injection of the lubricant, t‘he load is Withdrawn from,-t'he
tv\vo-\_st'aige assembly tool 100, perrhi‘tt‘ihg 'd.ie-'spring 1-74 to axially refratt the pivot
punch 158 within the cyl-iﬁdricél housing 102, \‘and the removal of the two-Stagé
assembly fool 100. | |

Those skilled in the art will recognize that the die spring load requirements, the
final deformation shape of the expanded cover-plate 66, and the sizingv of the
cove-jplate central bore 67 to receive a self——tapping or threaded grease _fittiﬁg may

- be adjusted as required to achieve a\lt'ernative deformations of the cover-plate 66

factoring material composition and component sizes.

In view of the above, it will be seen that the several objects of the invention are
achieved and other advantageous results are obtained. As various changes could be
made in the above constructionS'EWithout departing from the scope of the invention,

it is intended that all matter contained in the above description or shown in:the

accompanying drawings shall be interpreted as illustrative and not in a limiting

Sense,

14
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Claims

1 A cover-plate assembly tool for deforming an expandable cover-plate to

e R P L = . e e . LR ..'-— - - - -

B encldse one end of a movable socket housing configured to receive a grease

‘o fitting; and to establish a central orifice of predetermined dirnen'si.ons in said
cover—p!ate to receive said greaée fitting, comprising:
a two-stage ram adapted for use with a press machine, said two-etage ram
having a working face for exnanding said cover-plate under a load to a
desired config‘uration ‘and a concentric pivdt punch for controlling said.
expansron and for sizing said central orifice in said expandable cover-plate to

predetermmed dimension for recezvmg a grease fitting.

2 The cover-plate assembly tool of claim 1 wherein said two-stage ram further

includes:
a cylindrical housing having a central axis;
a firsr adapter seated concentric to said central axis, adjacent a first end of

. said cylindrical housing, said first adapter having an'axial bore of a first. ”
drameter and conﬁgured to secure said two-stage ram to said press machme
a second adapter secured to sald housmg concentric to central axis and
opposrte said first adapter sard second adapter having an axial bore of a
second diameter and configured to receive a removable stop-out plate having
an axial bore of a third diameter, said stop-out plate configured to expand
said cover-plate; | ' -
a compressible spring member diaposed concentrically within said cylindrical
housing, said compressible spring member preloaded t'o exert an expansive
force between said first and' second adapters; and
a pivot punch axially disposed within said cylindrical housing, said pivot
punch having a posterior end seated against said first adapter, and an
anterior end fitted within said third diameter axial bore of said stop-out

- plate, said anterior end configured to control the deformation of said cover-
plate and to establish said central orifice in said expandable cover-plate to

predetermined dimension for receiving a grease fitting.

3 ‘The cover-plate assembly tool of claim 2 wherein said pivot punch is

restrained from axial movement said compressible spring member.
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The cover-—plz{te assembly tool of claim 3 wherein said pivot punch is
configured to extend axially beyond said removable stop-out plate responsive

to an axial compression force on said compressible spring member.

The cover-plate assembly tool of claim 2 wherein said anterior end of said
pivbt punch includes a cylindrical sUrface, said cylindrical surface configured
to control the deformation of said cover-plate and to establish said central

orifice in said expandable cover-plate to predetermined dimension for

receiving a grease fitting.

The cover-plate assembly tool of claim 1 wherein said'working face is

concentric to said pivot punch.

The cover-plate assembly tool of claim 3 wherein said Spfing member

comprises a spiral-wound compression spring concentric to said central axis.

The cover-plate assembly tool of claim 2 wherein said concentric pivot punch
includes an axial lubrication injection bore aligned with said axial bore of said

first adapter.

A method for enclbsin-g one end of a fnovable socket within a housing with an

expandable cover-plate having an central orifice configured to receive a

grease fitting, and simultaneously establishing said central orifice to
predetermined dimensions to receive said grease fitting, comprising the steps
of:

assembling internal 'components'of said movable socket within said hbusing,

with said expandable cover-plate diSposed over said internal Components;

positioning a two-stage assembly tool in axial alignment with said '~

- expandable cover-plate;

exerting a load on said two-stage assembly tool such that a working face of

said two-stage assembly.tool moves along said alignment axis to contact said

- expandable cover-plate, and a concentrically disposed pivot punch extends

to seat within said central orifice; .

increasing said exterted load to axially displace said working face into contact

with said housing, displacement of said working face and said pivot punch
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expanding said expandable cover-plate into conformance with said working

face, enclosing said internal components within said housing of said movable

‘socket, and establishing said central orifice to -predetefmined dimensions
corresponding to said pivot punch; and

releasing said exerted load to remove said pivot punch from said central

ofifice- and said working face from contact with said movable socket. |

The method qf claim 9 wherein increasing said exterted load on said two-

stage assembly tool compresses a spring member disposed within said two-

~ stage assembly tool, transferring said exerted load to said working face and

said pivot punch.

- The method of claim 10 wherein releasing said exerted load to remove said

pivot punch from said central orifice results in said spring member expanding

to axially retract said pivot punch.

‘The method of claim 9 wherein expansion of said cover-plate into

COnformation_with said working face is controlled by said pivot punch

engaging an inner surface of said central orifice in said cover-plate.

The method of claim 12 wherein said pivot punch prevents said cover-plate
from collapsing into a downward concave configuration during said

expansion step.

The method of claim 9 further prior to the step of releasing said exerted load

to remove said pivot punch from said central orifice and said working face

from contact with said movable socket, further including the step of injecting

a lubricant into said movable socket through an axial bore in said pivot

‘punch.
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