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DESCRIPTION
CASTING METHOD AND APPARATUS FOR USE THEREIN

Background Art

The present invention is directed to a method and apparatus for
casting metals around an article having a bore extending along a central
axis and defined at least in part by an interior cylindrical wall portion.
The invention utilizes a mandrel having a cylindrical exterior surface
portion sized to be slidingly positioned in the bore in close relationship
with the interior cylindrical wall portion. The mandrel has an annular
groove in which is positioned a canted coil spring with a series of outer
contact points extending radially outwardly beyond the cylindrical
exterior surface portion. The article is moved onto the mandrel to
compress the spring and deflect the outer contact points such that the
spring imparts an outwardly directed force to the article interior
cylindrical wall portion to provide frictional resistance between the spring
outer contact points and the interior cylindrical wall portion to retain the
article on the mandrel while casting molten metal around the mandrel
supported article to form a cast part. The present invention can be used
with a variety of types of casting including sand casting, permanent mold
casting, low pressure casting and die casting. It is, for example, suitable
for die casting an engine block having a separately formed liner cast
therein and a mandrel for use in die casting having means for holding a
liner thereon and to a dowel for holding a mandrel thereon. The
invention is particularly well-suited for use when the mandre! and dowel
are disposed in a vertical position or a position approaching vertical
during the die casting operation.

In die casting aluminum engine blocks, steel liners for the cylinder
bores are positioned around the mandrels during the casting operation so

that upon completion of the casting operation, the steel liners become an
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integral part of the cast engine block. The liners are cylindrical sleeves
with a smooth cylindrical interior surface within which the piston moves
during operation of the engine. During the die casting operation, the
liners are retained on and snugly engage the cylindrical exterior surface
of the mandrels. Cylinder liners can be made of steel, cast iron,
powdered metal or any material suitable for engine block manufacture.
When the mandreils are maintained in a vertical position or a position
approaching vertical, it is necessary to provide a holder for retaining the
sleeve on the mandrel. The holder for retaining the sleeve must not
impede the flow of molten aluminum into the molding cavity or otherwise
interfere with the die casting operation. Additionally, upon completion
of the die casting operation, the holder must permit the mandrel to be
easily withdrawn from the liner without damaging it or the newly cast
part.

Similarly, the mandrel is supported on a dowel and means must be
provided for retaining the mandrel on the dowel particularly when they

are maintained in a vertical position or a position approaching vertical.

Disclosure of the Invention

In accordance with the present invention, a new and unique
mandrel and liner holder/mandrel combination is provided along with a
method for casting using such mandrel for retaining the liner. The
mandrel has an outwardly facing annular groove in which is positioned
a canted coil spring of a size such that the outer peripheral extent of
such canted coil spring extends radially outwardly beyond the cylindrical
exterior surface of the mandrel but is resiliently deflectable within the
groove upon positioning of a liner over the mandrel in sliding engagement
with the cylindrical exterior surface. As a result of such resilient
deflection, there is provided an outwardly directed force against the

portions of the liner interior surface contacted by the coils of the spring
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substantially completely around the circumference of such interior
surface. The canted coil spring provides a circumferential resilient
engagement with the liner with sufficie force to maintain the liner on
the mandrel without supplementary holding means even when such parts
are vertically positioned and when subject to the broad range of
temperatures required in a die casting operation.

Additionally, under a second embodiment, the mandrel is provided
with an inwardly facing annular groove in which is positioned a second
canted coil spring extending circumferentially within the groove and
having a diameter defined by the innermost portions thereof which is
smaller than the diameter of the cylindrical interior surface of the
mandrel. Under the second embodiment, prior to placement of the
mandrel over the dowel, the canted coil spring will have a minor portion
of each coil which extends radially inwardly from the cylindrical interior
surface of the mandrel throughout substantially the full circumferential
extent of the spring. Upon placement of the mandrel on a dowel sized
to slide within the mandrel in close proximity to the cylindrical interior
surface, the canted coil spring will be resiliently deflected and will be
maintained in engagement with the dowel following its insertion therein.
The coils of the canted coil spring are urged outwardly away from the
axis of the mandrel.and provide an inwardly directed force against those
portions of the outer surface of the dowel contacted by the coils of the
spring. As a result, the canted coil spring provides a circumferential
resilient frictional engagement sufficient to maintain the mandrel on the
dowel without slipping even when such parts are vertically positioned
with no other means for supporting the mandrel on th- ~owel.

A method for casting engine blocks and othecr parts utilizing
mandrels and the holders is also provided.
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Brief D iption of the Drawi

Fig. 1 is an exploded perspective view of one embodiment
showing a mandrel having an outwardly facing annular groove, a canted
coil spring and a liner intended to be cast in the engine block to form a
liner for the cylinder bores.

Fig. 2 is a sectional view showing the mandrel with a canted coil
spring positioned in the outwardly facing groove.

Fig. 3 is a sectional view, greatly enlarged, taken through line 3-3
of Fig. 2.

~ Fig. 4 is a sectional view showing the mandrel and canted coil
spring of Fig. 2 with a liner positioned thereon.

Fig. 5 is a sectional view, greatly enlarged, taken through line 5-5
of Fig. 4.

Fig. 6 is a view partly in section showing a mandrel with a second
coil spring positioned in a second, inwardly facing annular groove formed
in the wall of the mandrel and with the mandrel about to be positioned
on a dowel.

Fig. 7 is a sectional view, greatly enlarged, taken through line 7-7
of Fig. 6.

Fig. 8 is a view similar to Fig. 6 showing the mandrel completely
on the dowel and retained thereon by frictional engagement of the canted
coil spring.

Fig. 9 is a sectional view, greatly enlarged, taken through line 9-9
of Fig. 8.

Best Mode of Carrying Out Invention
U.S. Patent No. 4,981,168, of which the inventor of the present
application is a co-inventor, discloses a casting die for a cylinder in which

a hollow cylindrical mandrel supported on a dowel cooperates with other
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portions of the casting die to support an expendable core around the
mandrel. U.S. Patent No. 4,981,168 is incorporated herein by reference.

Referring to Figs. 1-5, there is provided a mandrel 10, a canted caoil
spring 12 having a garter-type shape and a cylindrical liner 14 in the form
of a sleeve. The liner 14 is manufactured from steel or other suitable
material capable of withstanding the heat, friction and other demands
encountered in a cylinder of an internal combustion engine. The liner 14
has a smooth cylindrical interior surface 15 adapted to slidingly receive
a reciprocating piston of an internal combustion engine in snug sliding
engagement therewith. The liner 14 has an exterior surface 16 which
will be engaged by molten metal during the casting operation to retain
the liner 14 in the cast part. The liner 14 extends from a first end 18 to
a second end 19 and is cylindrical throughout the entire length.

The mandrel 10 extends along an axis A from a first open end 20
to a second closed end defined by a lateral wall 21. A flange 22 extends
radially outwardly from an area spaced a small distance from the open
end 20.

The mandrel includes a wall 11 having a generally cylindrical
exterior surface 23 extending from the lateral wall 21 to the flange 22
and an interior surface 24 which is cylindrical throughout a major portion
of its length in the area inwardly from the open end 20. An outwardly
facing annular groove 26 is formed in the wall 11 and extends inwardly
from the exterior surface 23 by a predetermined distance. The groove
26 has a bottom 26A generally parallel to the axis A and a pair of spaced
apart side walls 26B and 26C extending radially outwardly from the
bottom 26A.

Positioned in the annular groove 26 is the canted coil spring 12.
One such canted coil spring is one manufactured and sold by Bal Seal
Engineering Company, Inc., Santa Ana, CA, as its Series 106 Canted Coil
Radial Spring. A detailed description of canted coil springs may be
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obtained from the following U.S. patents: 4,655,462; 4,804,290;
4,906,109, incorporated herein by reference. The canted coil spring 12
is a continuous garter-type spring.

As can be seen in Figs. 2 and 3, the canted coil spring 12 includes
coils 29 having outer contact points 27 and inner contact points 28. The
inner contact points 28 bear against the bottom 26A of the groove 26
and the outer contact points 27 extend outwardly a predetermined
distance beyond the exterior surface 23 of the mandrel 10. For the
purposes intended under the present i'nvention of retaining a liner 14
having a weight of approximately 2-1/2 pounds on a mandrel 10 in which
the exterior surface 23 of the mandrel has a diameter in the range of
3.136 inches +/- 0.001 inch, the optimum spring using a wire diameter
of 0.0160 inch is wound such that its free, uncompressed coil height is
approximately 0.163 inch and its width is approximately 0.182 inch.
Thus, the outer contact points 27 when the spring 12 is in the
uncompressed state will extend approximately 0.023 inch beyond the
exterior surface 23. The diameter of the groove bottom 26A is 2.856
inches +/- 0.001 with the result that the depth of the groove from the
exterior surface 23 to the groove bottom 26A is 0.140 inch. The width
of such groove between side walls 26B and 26C is 0.190 inch +/- 0.001
inch which is slightly wider than the 0.182 inch width of the canted coil
spring 12. As will be appreciated, a heavier weight liner will require that
the spring have a larger wire diameter.

As may be seen in Figs. 4 and 5 by sliding the liner 14 over the
mandrel 10, it will, upon making contact with the canted coil spring 12
cause such canted coil spring to be deflected from the uncompressed
angle shown in Fig. 3 to a compressed angle as shown in Fig. 5. As a
result, the canted coil spring 12 will impart a force acting outwardly
against the interior surface 15 of the liner 14 such that the outer contact

points 27 frictionally engage the liner 14 and support it on the mandrel
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operation, the mandrel 10 may be withdrawn from the sleeve 14 by
movement along the axis A carrying with it the canted coil spring 12.
Such withdrawal will not damage the spring 12 or the sleeve 14 or the
engagement of the sleeve with the newly cast engine block.

Tests have confirmed that the optimal force for retaining the liners
14 having a weight of approximately 2-1/2 pounds on the mandrel 10
throughout the casting operatidn while permitting the liners to be placed
on the mandrel without damaging either the liners 14 or the canted coil
springs 12 may be achieved by a combination of a canted coil spring and
a mandrel and annular groove of the above specified dimensions.

As will be readily appreciated, in die casting engine blocks having
cylinder bores having smaller or larger diameters, appropriate adjustments
will have to be made in the sizes of the liners, mandrels and the canted
coil springs.

Referring now to Figs. 6-9, there is provided another embodiment
in which a mandrel 30 extends along an axis A’ from an open end 31 to
a closed end defined by a lateral wall 32. As in the previous
embodiment, the mandrel 30 has a flange 33 extending radially
outwardly in an area spaced a short distance from the open end 31.
Additionally, as in the previous embodiment, the mandrel 30 has a
cylindrical exterior surface 34 extending from the lateral wall 32 to the
flange 33. An outwardly facing angular groove 35 is formed in the
mandrel 30 extending inwardly from the exterior surface 34. A canted
coil spring 36 is positioned in the groove 35. The dimensions of the
groove 35 and of the canted coil spring 36 are identical to the annular
groove 26 and canted coil spring 12 of the embodiment of Figs. 1-5.
The canted coil spring 36 functions to hold the liner 14 on the mandrel

as in the embodiment of Figs. 1-5.
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The mandrel 30 is provided with an interior surface 38 which is
generally cylindrical throughout a major portion of its length from the
open end 31 and is adapted to receive therein a dowel 40 intended to
support the mandrel 30. An inwardly facing annular groove 41 is formed
in the mandrel wall. The groove 41 extends outwardly from the interior
surface 38 a predetermined depth as measured from groove bottom 41A
to the interior surface 38. The groove 41 has a predetermined width as
measured between the side walls 41B and 41C. Positioned in the
inwardly facing annular groove 41 is a canted coil spring 42 outer
contact points 47 of which engage the groove bottom 41A. The
dimensions of the groove 41 and of the canted coil spring 42 are such
as to provide the force and frictional resistance necessary for supporting
the weight of both the liner and the mandrel 30 itself. Thus, the height
of the spring 42 in the uncompressed state is greater than the depth of
the groove 41 with the result that inner contact points 48 extend
inwardly from interior surface 38 of the mandrel 30. The wire diameter
for spring 42 was increased to 0.02 inch to accommodate holding the
additional weight of the mandrel and liner.  Additionally, the
circumferential diameter of the spring 42 was reduced from that of the
spring 36 to accommodate the smaller diameter of the groove 41.

The dowel 40 has an exterior surface portion 54 which is
cylindrical and of a size to be received in the open end of the mandrel 30
in snug sliding engagement with the cylindrical interior surface 38 and an
outwardly tapered lead-in surface 51 at its leading end which functions
to act against the canted coil spring 42 moving it from an uncompressed
position shown in Fig. 7 to a compressed position shown in Fig. 9.
Upon insertion of the dowel 40 into the mandrel 30 to the position
shown in Fig. 8, the tapered lead-in surface 51 and then the exterior
surface portion 54 will engage and compress or deflect canted coil spring
42 thereby causing the mandrel 30 to be frictionally retained on the
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dowel 40 by the force imparted by the outer contact points 47 against
the exterior surface portions 54.

Although the present invention has been described in conjunction
with die casting, it should be understood that it could be used with other
types of casting operations including low pressure casting, sand casting
and permanent mold casting.

Modifications to the present invention will be readily apparent to
those skilled in the art. Accordingly, the scope of the present invention
should be limited only by the scope of the claims.
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CLAIMS:

1. A method for casting an engine block having at least one
cylindrical bore formed therein, said bore having a separately formed liner
retained therein, comprising the steps of:

(a)- providing

(i) a mandrel extending along an axis from a first
end to a second end, said mandrel including a wall having a cylindrical
exterior surface extending from said first end toward said second end,
said wall having an outwardly facing annular groove positioned such that
portions of said cylindrical exterior surface are located between said first
end and said annular groove and between said second end and said
annular groove, said annular groove extending inwardly from said
cylindrical exterior surface toward said axis to a bottom,

(i) a canted coil spring positioned in said
outwardly facing annular groove, said spring including a series of coils
having inner contact points in contact with said bottom and a series of
outer contact points extending radially outwardly beyond said cylindrical
exterior surface, and

(i} aliner having a cylindrical interior surface sized
to permit said liner to be slidingly positioned on said mandrel in close
engagement with said cylindrical exterior surface;

(b)  moving said liner onto said mandrel first end in sliding
engagement with said exterior surface, engaging said spring and
continuing movement of said liner on said mandrel toward said second

end to compress said spring and deflect said outer contact points
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inwardly toward said axis, said spring imparting an outwardly directed
force to said liner interior surface providing frictional resistance between
said spring, including said outer contact points, and said liner interior
surface to retain said liner on said mandrel;

(c) casting moiten metal around said mandrel supported
liner to form a cast part; and

(d)  withdrawing said mandrel and said spring from said

liner while leaving said liner retained in said cast part.

2. The method according to claim 1, wherein said mandrel and
said liner retained thereon are disposed in a position approximating
vertical at some time between the time of positioning said liner thereon

and completion of casting said cast part.

3. The method according to claim 1, wherein said mandrel has
a cylindrical interior surface portion extending from said second end
toward said first end and an inwardly facing annular groove spaced from
said second end, said inwardly facing annular groove extending
outwardly from said cylindrical interior surface portion away from said
axis to a bottom, and further including the steps of:

(a)  positioning a second canted coil spring in said
inwardly facing annular groove, said second canted coil spring having
outer contact points contacting said inwardly facing annular groove
bottom and inner contact points extending inwardly from said cylindrical
interior surface portion toward said axis;

(b) providing a dowel having a cylindrical exterior surface
portion with a size permitting it to be engaged to said mandrel in sliding
engagement with said cylindrical interior surface portion;

(c)  sliding said dowel into said mandrel to engage said

second canted coil spring and continuing said movement to compress
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said second canted coil spring and deflect said inner contact points
outwardly away from said axis, said second canted coil spring imparting
an inwardly directed force against said dowel cylindrical exterior surface
providing frictional resistance between said inner contact points and said
dowel cylindrical exterior surface to retain said mandrel on said dowel;
and

(d) maintaining said mandrel on said dowel supported
solely by said compressed second canted coil spring and frictional forces
between said mandrel cylindrical interior surface portion and said dowel
cylindrical exterior surface portion throughout the step of casting said
molten metal.

4, The method according to claim 3, wherein said dowel,
mandrel and liner are disposed in a position approximating vertical at
some time between the time of positioning said mandrel on said dowel

and completion of casting said cast part.

5. The method according to claim 3, wherein said series of
coils of said canted coil spring positioned in said outwardly facing annular
groove have a predetermined wire diameter and said second canted coil
spring has a series of coils with a wire diameter greater than said

predetermined wire diameter.

6. In a method for casting metals around an article having a
bore extending along a central axis and defined at least in part by an
interior cylindrical wali portion wherein said article, at some phase of the
process, is positioned with said central axis substantially vertical, the

improvement comprising
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(a) providing

(i) a mandrel having a cylindrical exterior surface
portion, said cylindrical exterior surface portion being sized to be slidingly
positioned in said bore in close relationship with said interior cylindrical
wall portion and having an annular groove extending inwardly from said
cylindrical exterior surface portion to a bottom, and

(ii) a canted coil spring positioned in said annular
groove, said spring including a series of coils having inner contact points
in contact with said bottom and a series of outer contact points
extending radially outwardly beyond said cylindrical exterior surface
portion;

(b) moving said article onto said mandrel, engaging said
spring and continuing movement of said article on said mandrel to
compress said spring and deflect said outer contact points inwardly
toward said axis, said spring imparting an outwardly directed force to
said article interior cylindrical wall portion to provide frictional resistance
between said spring, including said outer contact points, and said interior
cylindrical wall portion to retain said article on said mandrel;

(c) casting molten metal around said mandrel supported
article to form a cast part; and

(d)  withdrawing said mandrel and said spring from said

article while leaving said article retained in said cast part.

7. The method according to claim 6, wherein said mandrel has

a cylindrical interior surface portion and an inwardly facing annular

groove, said inwardly facing annular groove extending outwardly from

said cylindrical interior surface portion to a bottom, and further including
the steps of:

(a) positioning a second canted coil spring in said

inwardly facing annular groove, said second canted coil spring having
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outer contact points contacting said inwardly facing annular groove
bottom and inner contact points extending inwardly from said cylindrical
interior surface portion;

(b)  providing a dowel having a cylindrical exterior surface
portion with a size permitting it to be engaged to said mandrel in sliding
engagement with said cylindrical interior surface portion;

(c) sliding said dowel into said mandrel to engage said
second canted coil spring and continuing said movement to compress
said second canted coil spring and deflect said inner contact points
outwardly, said second canted coil spring imparting an inwardly directed
force against said dowel cylindrical exterior surface portion providing
frictional resistance between said inner contact points and said dowel
cylindrical exterior surface portion to retain said mandrel on said dowel;
and

(d) maintaining said mandrel on said dowel supported
solely by said compressed second canted coil spring and frictional forces
between said mandrel cylindrical interior surface portion and said dowel
cylindrical exterior surface portion throughout the step of casting said

molten metal.

8. In a process for casting metals to form a part, the
improvement comprising: ‘
(a) providing
(i) a mandrel having a cylindrical interior surface
portion and an inwardly facing annular groove, said inwardly facing
annular groove extending outwardly from said cylindrical interior surface
portion to a bottom;
(ii) a canted coil spring in said inwardly facing

annular groove, said canted coil spring having outer contact points
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contacting said inwardly facing annular groove bottom and inner contact
points extending inwardly from said cylindrical interior surface portion;

(iiil a dowel having a cylindrical exterior surface
portion with a size permitting it to be engaged to said mandrel in sliding
engagement with said cylindrical interior surface portion;

(b)  sliding said dowel into said mandrel to engage said
canted coil spring and continuing said movement to compress said
canted coil spring and deflect said inner contact points outwardly, said
canted coil spring imparting an inwardly directed force against said dowel
cylindrical exterior surface portion providing frictional resistance between
said inner contact points and said dowel cylindrical exterior surface
portion to retain said mandrel on said dowel;

(c) casting moiten metal to form said part; and

(d) maintaining said mandrel on said dowel supported
solely by said compressed canted coil spring and frictional forces
between said mandrel cylindrical interior surface portion and said dowel
cylindrical exterior surface portion throughout the step of casting said

molten metal.

9. The method according to claim 8, wherein said dowel and
said mandrel retained thereon are disposed in a position approximating
vertical at some time between the time of positioning said mandrel on

said dowel and completion of casting said cast part.

10. A method for casting a metal part comprising the steps of:
(a) providing
(i) a mandrel extending along an axis from a first
end to a second end, said mandrel including a wall having an exterior
surface and an interior surface including a cylindrical interior surface

portion extending from said second end toward said first end and an
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inwardly facing annular groove spaced from said second end, said
inwardly facing annular groove extending outwardly from said cylindrical
interior surface portion away from said axis to a bottom,

(ii) a canted coil spring positioned in said inwardly
facing annular groove, said canted coil spring having outer contact points
contacting said inwardly facing annular groove bottom and inner contact
points extending inwardly from said cylindrical interior surface portion
toward said axis; and

(i) a dowel having a cylindrical exterior surface
portion with a size permitting it to be engaged to said mandrel in sliding
engagement with said cylindrical interior surface portion;

(b) sliding said dowel into said mandrel to engage said
canted coil spring and continuing said movement to compress said
canted coil spring and deflect said inner contact points outwardly away
from said axis, said canted coil spring imparting an inwardly directed
force against said dowel cylindrical exterior surface providing frictional
resistance between said inner contact points and said dowel cylindrical
exterior surface to retain said mandrel on said dowel:

(c) casting molten metal to form said part; and

(d) maintaining said mandrel on said dowel supported
solely by said compressed canted coil spring and frictional forces
between said mandrel cylindrical interior surface portion and said dowel
cylindrical exterior surface portion throughout the step of casting said

molten metal.

11.  The method according to claim 10, wherein said dowel and
mandrel are disposed in a position approximating vertical at some time
between the time of positioning said liner thereon and completion of

casting said cast part.
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12.  Apparatus for use in casting metal parts comprising:

(a) a mandrel extending along an axis from a first end to
a second end, said mandrel including a wall having a cylindrical exterior
surface extending from said first end toward said second end, said wall
having an outwardly facing annular groove positioned such that portions
of said cylindrical exterior surface are located between said first end and
said annular groove and between said second end and said annular
groove, said annular groove extending inwardly from said exterior surface
toward said axis to a bottom,

(b) a canted coil spring positioned in said outwardly
facing annular groove, said spring being resiliently compressible and_
including a series of coils having inner contact points in contact with said
bottom and a series of outer contact points which extend radially
outwardly beyond said cylindrical exterior surface when said spring is not
compressed; and

(c) a liner having a cylindrical interior surface sized to
permit said liner to be slidingly positioned on said mandrel in close
engagement with said cylindrical exterior surface, said liner positioned on
said mandrel in a position engaging and compressing said spring such
that said outer contact points engage said liner interior surface, said
spring imparting an outwardly directed force to said liner interior surface
to provide frictional resistance between said spring including said outer
contact points and said liner interior surface to retain said liner on said

mandrel.

13.  Apparatus according to claim 12, wherein said mandrel has
a cylindrical interior surface portion extending from said second end
toward said first end and an inwardly facing annular groove spaced from
said second end, said inwardly facing annular groove extending
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outwardly from said cylindrical interior surface portion away from said
axis to a bottom, and further including:

(a) a second cahted coil spring in said inwardly facing
annular groove, said second canted coil spring having outer contact
points contacting said inwardly facing annular groove bottom and inner
contact points extending inwardly from said cylindrical interior surface
portion when said second spring is not compressed; and

(b)  a dowel having a cylindrical exterior surface portion
with a size permitting it to be engaged to said mandre! in sliding

| engagement with said cylindrical interior surface portion, said dowel

positioned in said mandrel in a position engaging and compressing said
second canted coil spring such that said inner contact points engage said
dowel cylindrical exterior surface, said second canted coil spring
imparting an inwardly directed force against said dowel cylindrical
exterior surface providing frictional resistance between said inner contact
points and said dowel cylindrical surface to retain said mandrel on said

dowel.

14. Apparatus according to claim 13, wherein said series of
coils of said canted coil spring positioned in said outwardly facing annular
groove have a predetermined wire diameter and said second canted coil
spring has a series of coils with a wire diameter greater than said

predetermined diameter.

15.  Apparatus for use in casting metal parts comprising:
(a)  amandrel extending along an axis from a first end to
a second end, said mandrel including a wall having a cylindrical exterior
surface extending from said first end toward said second end, a
cylindrical interior surface portion extending from said second end toward

said first end and an inwardly facing annular groove spaced from said
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second end, said inwardly facing annular groove extending outwardly
from said cylindrical interior surface portion away from said axis to a
bottom;

(b)  a canted coil spring in said inwardly facing annular
groove, said canted coil spring having outer contact points contacting
said inwardly facing annular groove bottom and inner contact points
extending inwardly from said cylindrical interior surface portion when said
spring is not compressed;.and

(c) a dowel having a cylindrical exterior surface portion
with a size permitting it to be engaged to said mandrel in sliding‘
engagement with said cylindrical interior surface portion, said dowel
positioned in said mandrel in a position engaging and compressing said
canted coil spring such that said inner contact points engage said dowel
cylindrical exterior surface, said canted coil spring imparting an inwardly
directed force against said dowel cylindrical exterior surface providing
frictional resistance between said inner contact points and said dowel

cylindrical surface to retain said mandrel on said dowel.
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