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RETAINER RING FOR SECURELY
RETAINING A FIRST OBJECT TO A SECOND
OBJECT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

This application is a reissue application of U.S. Pat. No.
6,691,593, issued Feb. 17, 2004, and filed on Mar. 8§, 2002,
with application Ser. No. 10/094,342, and claims priority
from laiwanese Patent Application No. 90220753 U, filed
Nov. 28, 2001.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a retainer ring for securely
retaining a first object, e.g., an adaptor or a bit, to a second
object, €.g., a box end of a wrench or a shank of a screw-
driver.

2. Description of the Related Art

FIG. 12A of the drawings 1illustrates a conventional
retainer ring 1 engaged in an annular groove 3 of an object 2,
¢.g., an adaptor. After mounting on the object 2, the retainer
ring 1 could move to a position shown 1n FIG. 12B under the
action of gravity. This 1s because there 1s no means for
securely retaining retainer ring 1 in the annular groove 3. As
a result, as illustrated in FIG. 13, 1t would be impossible to
mount the object 2 into a recerving compartment 4 of, ¢.g., a
box end of a wrench, as the retainer ring 1 protrudes too
much outward to be inserted into the receiving compartment

4.

SUMMARY OF THE INVENTION

An object of the present mnvention 1s to provide a retainer
ring for securely retaining a {irst object to a second object.

In an embodiment of the invention, the first object 1s an
adaptor and the second object 1s a box end of a wrench. In
another embodiment of the mvention, the first object 1s a bit
and the second object 1s a shank of a screwdriver.

A retainer ring in accordance with the present mvention
comprises at least two holding sections and at least one
engaging section. Fach holding section has a radius of cur-
vature equal to a [diameter] radius of a reduced section of a
first object. The engaging section has a radius of curvature
greater than that of the holding sections. The holding sec-
tions securely clamp the reduced section of the first object
with the engaging section partially protruding out of the
reduced section of the first object for engaging with a second
object.

Other objects, advantages, and novel features of the inven-
tion will become more apparent from the following detailed
description when taken in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exploded perspective view of a wrench, an
adaptor, and a retainer ring in accordance with the present
invention.

FIG. 1A 1s a plan view of the retainer ring 1n accordance
with the present invention.
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FIG. 2 1s a bottom view of the adaptor and the retainer
ring 1n an assembled state.

FIG. 3 1s a sectional view of an end of the wrench, the
adaptor, and the retainer ring in FIG. 2.

FIG. 4 15 a sectional view similar to FIG. 3, illustrating use
of the retainer ring with an end of a wrench having a hexago-
nal inner periphery.

FIG. 5 1s a sectional view similar to FIG. 3, illustrating a

modified embodiment of the retainer ring 1n accordance with
the present invention.

FIG. 6 1s an exploded perspective view illustrating a
wrench, an adaptor, and another embodiment of the retainer
ring 1n accordance with the present mnvention.

FIG. 7 1s a bottom view of the adaptor and the retainer
ring of FIG. 6 1n an assembled state.

FIG. 8 1s a sectional view of the end of the wrench, the
adaptor, and the retainer ring in FIG. 7.

FIG. 9 1s an exploded perspective view 1llustrating a bit, a
screwdriver, and another modified embodiment of the

retainer ring 1n accordance with the present invention.

FIG. 10 1s a sectional view illustrating engagement
between the bit, the screwdriver, and the retainer ring 1 FIG.

9.

FIG. 11 1s a view 1llustrating use of the retainer ring in a
shank having a circular recerving compartment.

FIG. 12A 1s a sectional view illustrating engagement
between a conventional retainer ring and an adaptor.

FIG. 12B 1s a sectional view illustrating anomalous
engagement between the retainer ring and the adaptor in

FIG. 12A.

FIG. 13 1s a schematic sectional view illustrating diffi-
culty of attaching the adaptor with te retainer ring mounted
thereon to a wrench.

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
By

ERRED

Referring to FIG. 1, in accordance with the present
invention, a retainer ring 10 1s provided to securely retain a
first object, e.g., an adaptor 20 to a second object, €.g., a box
end of a wrench 30. The adaptor 20 includes a first end 21
engaged 1n a recerving compartment 31 of the box end of a
wrench 30 and a second end 24 that acts as a drive end for
engaging with and driving a socket (not shown). A spring-
biased ball 25 1s mounted to the drive end 24 of the adaptor
20 for releasably engaging with the socket, which 1s conven-
tional and therefore not described 1n detail. The first end 21
of the adaptor 20 includes a hexagonal engaging portion 22
with a reduced section 1 which an annular groove 23 1s

defined.

Referring to FIG. 1A, the retainer ring 10 1s resilient and
includes at least two radially inward holding sections 11 and
at least one radially outward engaging section 12. Namely,
the engaging section 12 1s located in a position radially out-
ward of the holding sections 11. In thus embodiment, the
retainer ring 10 includes three holding sections 11 located on
two distal ends 11a of the retainer ring 10 and a section 11b
of the retainer ring 10 opposite to an opening 13 of the
retainer ring 10 between the distal ends 11a. As illustrated in
FIG. 1A, each holding section 11 has a radius of curvature r,

from a center 0 equal to hall of a diameter of the annular

groove 23 defined 1n the reduced section of the engaging
portion 22. Further, the retainer ring 10 includes two engag-
ing sections 12 on both sides of the section 11b opposite to
the opening 13 of the retainer ring 10. Fach engaging section
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12 has a radius of curvature r, greater than the radius of
curvature r, of the holding sections 11. Preferably, the
retainer ring 10 has a uniform thickness d. Preferably, the
radius of curvature r, of the engaging sections 12 1s greater
than the radius of curvature r, of the holding sections 11 by
an amount t less than a thickness d of the retainer ring 10.
Thus, when the retainer ring 10 1s mounted 1n the annular
groove 23 of the adaptor 20, the holding sections 11 of the
retainer ring 10 securely clamp a bottom wall 231 defiming,
the annular groove 23. Thus, the retainer ring 10 1s securely
engaged 1n the annular groove 23 of the adaptor 20 without
the risk of relative movement therebetween. This 1s owing to
the fact that each holding section 11 has a radius of curvature
r, equal to half of a diameter of the reduced section of the
engaging portion 22. Each engaging section 12 of the
retainer ring 10 protrudes beyond the annular groove 23 of

the adaptor 20 (see the solid black lines R and the dashed
lines between the solid black lines R).

Referring to FIG. 3, when the adaptor 20 coupled with the
retainer ring 10 1s mounted 1n a dodecagonal receiving com-
partment 31 of a wrench 30, the retainer ring 10, when
compressed, would not move or wobble 1n the annular
groove 23 of the adaptor 20, as the three holding sections 11
of the retainer ring 10 securely clamp the bottom wall 231
defining the annular groove 23 of the adaptor 20. Further, the
engaging sections 12 engage with the dodecagonal inner
periphery of the recerving compartment 31 at six points P.
Thus, the adaptor 20 1s securely engaged i the receiving
compartment 31 of the wrench 30.

When the adaptor 20 coupled with the retainer ring 10 1s
mounted 1n a polygonal recerving compartment 31 of a
wrench 30, as illustrated 1n FI1G. 4, the retainer ring 10, when
compressed, would not move or wobble 1n the annular
groove 23 of the adaptor 20, as the three holding sections 11
of the retainer ring 10 securely clamp the bottom wall 231
defining the annular groove 23 of the adaptor 20. Further, the
engaging sections 12 engage with the hexagonal inner
periphery of the receiving compartment 31 at four points P.
Thus, the adaptor 20 1s securely engaged in the receiving
compartment 31 of the wrench 30.

FIG. 5 illustrates a modified embodiment of the retainer
ring 10, wherein like numerals [denotes] denote like ele-
ments. In this embodiment, the engaging portion (now des-
ignated by 22') of the adaptor 20 1s circular, and wrench 30
has a circular receiving compartment 33. When [mounting]
the adaptor 20 coupled with the retainer ring 10 1s mounted
in the circular receiving compartment 33 of the wrench 30,
as 1llustrated in FIG. 5, the retainer ring 10, when
compressed, would not move or wobble 1in the annular
groove 23 of the adaptor 20, as the three holding sections 11
of the retainer ring 10 securely clamp the bottom wall 231
defining the annular groove 23 of the adaptor 20. Further, the
whole engaging sections 12 engage with the circular inner
periphery of the recerving compartment 33 (see the solid
black lines R in FIG. §5). Thus, the adaptor 20 1s securely

engaged 1n the recerving compartment 33 of the wrench 30.

FIG. 6 1llustrates another modified embodiment of the
present invention, wherein like numerals [denotes] derote
like elements. In this embodiment, the retainer ring 10
includes a radially outward engaging section 12' opposite to
an opening 13' of the retainer ring 10" and two radially
inward holding sections 11'. Fach radially inward holding
section 11" includes an associated one of the distal ends (not
labeled) of the retainer ring 10'. The radn of the holding
section 11' and the engaging section 12' in this embodiment
are respectively the same as that of the holding section 11
and the engaging section 12 of the embodiment shown 1n

FIG. 1A.
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As 1illustrated 1n FIG. 7, when mounting the retainer ring
10' to the adaptor 20, the holding sections 11' of the retainer
ring 10' securely clamp the bottom wall 231 defining the
annular groove 23 of the adaptor 20 without the risk of rela-
tive movement therebetween. Further, the engaging section
12' of the retamner ring 10' protrudes beyond the annular
groove 23 of the adaptor 20.

When mounting the adaptor 20 coupled with the retainer
ring 10' 1s mounted 1n a dodecagonal receiving compartment
31 of a wrench 30, as illustrated in FIG. 8, the retainer ring
10', when compressed, would not move or wobble 1n the
annular groove 23 of the adaptor 20, as the holding sections
11' of the retainer ring 10 securely clamp the bottom wall
231 defining the annular groove 23 of the adaptor 20.
Further, the engaging section 12' engages with the dode-
cagonal mner periphery of the recerving compartment 31 at
four points P. Thus, the adaptor 20 1s securely engaged 1n the
receiving compartment 31 of the wrench 30.

FIG. 9 illustrates a further modified embodiment of the
present mvention. In this embodiment, the retainer ring 10
includes a radially outward engaging section 12' opposite to
an opening 13' of the retainer ring 10' and two radially
inward holding sections 11'. Fach radially inward holding
section 11' includes an associated one of the distal ends (not
labeled) of the retainer ring 10'. The retainer ring 10
securely retains a bit 20" to a shank 30' of a screwdriver. An
end 22' of the bit 20" 1s hexagonal and includes a reduced
section having an annular groove 23' defined by a bottom
wall 231'. A drive end 24' 1s formed on the other end of the
bit 20'. The shank 30' of the screwdriver includes a recerving
compartment 32'. The radi1 of the holding section 11' and the
engaging section 12' in this embodiment are respectively the
same as that of the holding section 11 and the engaging
section 12 of the embodiment shown 1n FIG. 1A.

As 1llustrated in FI1G. 10, when mounting the retainer ring
10' to the bit 20', the holding sections 11' of the retainer ring
10' securely clamp the bottom wall 231" defining the annular
groove 23' of the bit 20" without the risk of relative move-
ment therebetween. Further, the engaging section 12' of the
retainer ring 10" protrudes beyond the annular groove 23' of

the bit 20"

When the bit 20' coupled with the retamner ring 10' 1s
mounted 1n the hexagonal recerving compartment 32' of the
shank 30", as illustrated 1n FIG. 10, the retainer ring 10',
when compressed, would not move or wobble 1n the annular
groove 23' of the bit 20', as the holding sections 11' of the
retainer ring 10' securely clamp the bottom wall 231" defin-
ing the annul groove 23' of the bit 20'. Further, the engaging
section 12' engages with the hexagonal imnner periphery of
the recerving compartment 32' at three points P. Thus, the bit
20" 1s securely engaged 1n the receiving compartment 32' of

the shank 30"'.

FIG. 11 illustrates still another modified embodiment that
1s modified from the embodiment of FIGS. 9 and 10. In this
embodiment, the end 22' of the bit 20' 1s circular and the
receiving compartment (now designated by 33') of the shank
30" 1s also circular. When the bit 20' coupled with the retainer
ring 10" 1s mounted 1n the circular recerving compartment 33
of the shank 30, as 1llustrated 1n FIG. 10, the retainer ring 10
would not move or wobble in [to] tke annular groove 23' of
the bit 20' when compressed, as the holding sections 11' of
the retainer ring 10' securely clamp the bottom wall 231"
defining the annular groove 23' of the bit 20'. Further, the
engaging section 12' engages with the circular inner periph-
ery of the receiving compartment 33' (see the solid black line
R). Thus, the bit 20" 1s securely engaged in the receiving
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compartment 33' of the shank 30'. The radi1 of the holding
section 11' and the engaging section 12' in this embodiment
are respectively the same as that of the holding section 11
and the engaging section 12 of the embodiment shown 1n

FIG. 1A.

It is noted that the [numbers] number and the shapes of the
holding sections 11, 11' and the engaging sections 12, 12'
may vary according to the need.

Although the mvention has been explained in relation to
its preferred embodiment, 1t 1s to be understood that many
other possible modifications and variations can be made
without departing from the scope of the mnvention as herein-
after claimed.

What 1s claimed 1s:

1. A retainer ring designed for [securely] radially retain-
Ing an engagement portion of a first object, having a reduced
portion of a radially reduced cross-section, [to] ir a receiv-
ing compartment of a second object, the retainer ring kaving
a substantially uniform radial thickness along the circumfer-
ence of the retainer ring and being resilient and comprising:

a plurality of circumferential sections of said uniform
thickness, the circumferential sections including at least
two holding sections and at least one engaging section,
said at least one engaging section defining an outward
portion having an outer vadius of curvature which is
greater than an outer vadius of curvature of the holding
sections, each of said at least two holding sections hav-
ing an mnner radius of curvature equal to half of a diam-
eter of the reduced cross-section of the reduced portion
of the first object, said at least one engaging section
having an inner radius of curvature which is greater
than that of said at least two holding sections, and the
curvatures of the holding sections and of the engaging
section each having a center of curvatuve within the
circumference of the retainer ving;

wherein said at least two holding sections [being adapted
to] provide for securely radially inward [clamp] clamp-
ing of said reduced cross-section of said first object
[with] and the retainer ring is radially compressible
and designed to be radially compressed for radially
inward clamping of the holding sections on the reduced
cross-section of the reduced portion of the first object
when said outward portion of said at least one engaging
section [partially protruding out of said reduced section
of said first object for engaging with said second
object] is pressed in a radially inward direction.

2. The retamner ring as claimed 1n claim 1, wherein said
retainer ring includes two distal ends spaced by an opening,
cach of said distal ends of said retamner rirg forming an
associated one of said at least two holding sections.

3. The retainer ring as claimed in claim 2, wherein a third
holding section of said at least two holding sections of said
retainer ring 1s located 1n a position opposite to said opening.

4. The retainer ring as claimed in claim 1, wherein said
retainer ring includes [an] a circumferential opening and
wherein said at least one engaging section of said retainer
ring 1s opposite to said opening.

5. The retainer ring as claimed in claim 1, wherein said
inner radius of curvature of said at least one engaging sec-
tion 1s greater than said inner radius of curvature of said at
least two holding sections by an amount less than said thick-
ness of said retainer ring.

6. The retainer ring as claimed in claim 2, wherein said
inner radius of curvature of said at least one engaging sec-
tion 1s greater than said inner radius of curvature of said at
least two holding sections by an amount less than [a] said
thickness of said retainer ring.
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7. The retainer ring as claimed 1n claim 3, wherein said
inner radius of curvature of said at least one engaging sec-
tion 1s greater than said inner radius of curvature of said at
least two holding sections by an amount less than [a a] said
thickness of said retainer ring.

8. The retainer ring as claimed 1n claim 4, wherein said
inner radius of curvature of said at least one engaging sec-
tion 1s greater than said inner radius of curvature of said at
least two holding sections by an amount less than [a a] said
thickness of said retainer ring.

9. A combination comprising:

a first object that [including] includes an engagement por-
tion and a reduced portion of a radially reduced cross-
section formed in the engagement portion;

a second object that [including] includes a receiving com-
partment; and

a resilient retainer ring designed for radially vetaining the
engagement portion of the first object in the receiving
compartment of the second object, the rvetainer ving
having a substantially uniform radial thickness along
the circumference theveof and comprising a plurality of
circumferential sections of said uniform thickness, the
circumferential sections including at least two holding
sections and at least one engaging section, said at least
one engaging section defining an outward portion hav-
ing an outer vadius of curvatuve that is greater than an
outer radius of curvature of the holding sections, each
of said at least two holding sections having an inner
radius of curvature equal to half of a diameter of said
reduced cross-section of said reduced portion of the
engagement portion of the lirst object, said at least one
engaging section having an inner radius of curvature
greater than that of said at least two holding sections,
the curvatures of the holding sections and of the engag-
ing section each having a center of curvature within the
cirvcumference of the vetainer ring,

[said at least two holding sections securely clamping said
reduced section of said first object with] wherein the
retainer rving, when mounted on the rveduced cross-
section of the engagement portion of the first object and
when the engagement portion of the first object is
received in the receiving compartment of the second
object, has said outward portion of said at least one
engaging section [partially] protruding out of said
reduced [section] portion of said [first object for]

engagement portion beyond an outer perviphery thereof
and said outward portion is radially [engaging]

engaged with an inner periphery of said receiving com-
partment of said second object], with engagement of

the at least one engaging section with the second object
providing for clamping of the at least two holding
sections], so that the retainer ring is radially com-
pressed and the at least two holding sections arve
securely clamped about the reduced cross-section of the
reduced portion of the engagement portion.

10. The combination as claimed 1n claim 9, wherein said
retainer ring includes two distal ends spaced by an opening,
cach of said distal ends of said retainer rirg forming an
associated one of said at least two holding sections.

11. The combination as claimed 1n claim 10, wherein a
third holding section of said at least two holding sections 1s
opposite to said opening.

12. The combination as claimed 1n claim 9, wherein said
retainer ring includes [an] a circumferential opening and
wherein said at least one engaging section of said retainer
ring 1s opposite to said opening.

13. The combination as claimed 1n claim 9, wherein the
first object 1s an adaptor and the second object 1s a box end of
a wrench.
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14. The combination as claimed in claim 9, wherein the
first object 1s a bit and the second object 1s a shank of a
screwdriver.

15. The combination as claimed in claim 9, wherein said
inner radius of curvature of said at least one engaging sec-
tion 1s greater than said inner radius of curvature of said at
least two holding sections by an amount less than [a a] said
thickness of said retainer ring.

16. The combination as claimed 1n claim 10, wherein said
inner radius of curvature of said at least one engaging sec-
tion 1s greater than said mnner radius of curvature of said at
least two holding sections by an amount less than [a] said
thickness of said retainer ring.

17. The combination as claimed 1n claim 11, wherein said
inner radius of curvature of said at least one engaging sec-
tion 1s greater than said inner radius of curvature of said at
least two holding sections by an amount less than [a] said
thickness of said retainer ring.

18. The combination as claimed 1n claim 12, wherein said
inner radius of curvature of said at least one engaging sec-
tion 1s greater than said inner radius of curvature of said at
least two holding sections by an amount less than [a] said
thickness of said retainer ring.

19. The combination as claimed 1n claim 13, wherein said
inner radius of curvature of said at least one engaging sec-
tion 1s greater than said mnner radius of curvature of said at
least two holding sections by an amount less than [a] said
thickness of said retainer ring.

20. The combination as claimed in claim 14, wherein said
inner radius of curvature of said at least one engaging sec-
tion 1s greater than said inner radius of curvature of said at
least two holding sections by an amount less than [a] said
thickness of said retainer ring.

21. The retainer ving as claimed in claim 3, whevein said

at least one engaging section comprises a first engaging
section and a second engaging section, the first engaging

section between the third holding section and one of said
distal ends of the rvetainer rving and the second engaging

section between the thivd holding section and the other of

said distal ends.

22. The retainer ring as claimed in claim 21, wherein the
inner radius of curvature of said at least one engaging sec-
tion is constant along a circumferential length of the engag-
Ing section.

23. The retainer ving as claimed in claim 4, wherein the
retainer ring includes two distal ends spaced by said
opening, and one of said at least two holding sections
extends between said at least one engaging section and one
of said distal ends, and the other of said at least two holding
sections extends between said at least one engaging section
and the other of said distal ends.

24. The retainer ving as claimed in claim 23, wherein the
inner vadius of curvature of said at least one engaging sec-
tion is constant along a circumferential length of the engag-
Ing section.

25. The vetainer ving as claimed in claim 11, wherein said
at least one engaging section comprises a first engaging
section and a second engaging section, the first engaging
section extending between the third holding section and one
of said distal ends of the retainer ving and the second engag-
ing section extending between the thivd holding section and
the other of said distal ends.

26. The retainer ving as claimed in claim 25, wherein the
inner rvadius of curvature of said at least one engaging sec-
tion is constant along a circumferential length of the engag-
Ing section.

27. The retainer ving as claimed in claim 12, wherein the
retainer ring includes two distal ends spaced by said

8

opening, and one of said at least two holding sections

extends between said at least one engaging section and one

of said distal ends, and the other of said at least two holding
sections extends between said at least one engaging section
5 and the other of said distal ends.

28. The retainer ving as claimed in claim 27, wherein the
inner rvadius of curvature of said at least one engaging sec-
tion is constant along a circumferential length of the engag-
Ing section.

29. The retainer ving as claimed in claim 28, wherein the
first and second holding sections have an inner radius of
curvature equal to half of a diameter of the veduced cross-
section of the first object along a circumferential length of
the holding sections.

30. A vetainer ving for rvadially retaining an engagement
portion of a first object, including a reduced portion of a
radially reduced cross-section, in a receiving compartment
of a second object, the vetainer ving having a substantially
uniform radial thickness along the civcumference of the
retainer ving and being resilient and comprising:

10

15

20
a plurality of circumferential sections of said uniform

thickness, the circumferential sections including first
and second holding sections and a first engaging
section, the first engaging section having an inner
radius of curvature that is greater than an innev vadius
of curvature of the first and second holding sections,
and the first engaging section defining outward por-
tions having an outer rvadius of curvature which is
greater than an outer vadius of curvaturve of said first
and second holding sections, the curvatures of the first
engaging section and of the outward portions thereof
each having a center of curvature within the civcumfer-
ence of the retainer ring, said rvetainer ving further
including first and second distal ends spaced by an
opening,;

25

30

35
wherein said first and second holding sections provide for
securely radially inward clamping of said reduced
cross-section of the reduced portion of said first object,
and the rvetainer rving is radially compressible and
designed to be radially compressed for radially inward
clamping of the first and second holding sections on the
reduced cross-section of the reduced portion of the first
object when said outward portions of the first engaging
section are pressed in a vadially inward direction.

31. The retainer ving as claimed in claim 30, the first and
second distal ends of said retainer ring forming respectively
the first and second holding sections.

32. The vetainer ving as claimed in claim 31, further com-
prising a thivd holding section located in a position opposite
50 to said opening.

33. The vetainer ring as claimed in claim 32, wherein said
fivst engaging section protrudes vadially outward from said
at least one of said first and second holding sections by a
distance less than said thickness of said retainer rving.

34. The retainer ving as claimed in claim 31, wherein said
first engaging section protrudes radially outward from said
at least one of said first and second holding sections by a
distance less than said thickness of said retainer ring.

35. The rvetainer ring as claimed in claim 30, wherein said
60 first engaging section of said vetainer ving is opposite to said

opening.
36. The rvetainer ring as claimed in claim 33, wherein said
first engaging section protrudes vadially outward from said
at least one of said first and second holding sections by a
65 distance less than said thickness of said rvetainer ving.
37. The vetainer ring as claimed in claim 30, wherein said
fivst engaging section protrudes vadially outward from said

40
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at least one of said first and second holding sections by a
distance less than said thickness of said vetainer ving.

38. The retainer ving as claimed in claim 30, wherein the
first object is a bit and the second object is a shank of a
screwdriver.

39. The retainer ring as claimed in claim 30, wherein the

first object is an adaptor and the second object is a box end
of a wrench.

40. The retainer ring as claimed in claim 30, further com-
prising a third holding section and a second engaging
section, the first engaging section between the thivd holding
section and one of said distal ends of the vetainer ring and
the second engaging section between the third holding sec-
tion and the other of said distal ends.

41. The retainer ving as claimed in claim 40, wherein the
inner radius of curvature of the first engaging section is
constant along a civcumferential length of the engagement
section.

42. The retainer ring as claimed in claim 30, wherein the
first holding section extends between said fivst engaging sec-
tion and one of said distal ends, and the second holding
sections extends between said first engaging section and the
other of said distal ends.

43. The retainer ring as claimed in claim 42, wherein the
inner radius of curvature of the first engaging section is
constant along a civcumferential length of the engagement
section.

44. A combination comprising:

a first object that includes an engagement portion and a
reduced portion of a radially reduced cross-section
Jormed into the engagement portion;

a second object that includes a receiving compartment,
and

a vesilient vetainer ving designed for vadially retaining the
engagement portion of the first object in the receiving
compartment of the second object, the retainer ring
having a substantially uniform radial thickness along

the circumference thereof and comprising a plurality of

circumferential sections of said uniform thickness, the
circumferential sections including first and second
holding sections and a first engaging section, the first
engaging section having an inner radius of curvature

which is greater than an inner vadius of curvature of

the first and second holding sections, and the first
engaging section defining outward portions having an
outer vadius of curvatuve which is greater than an outer
radius of curvature of the first and second holding
sections, the curvatuves of the first engaging section
each having a center of curvature within the civcumfer-
ence of the retainer ving;

said retainer ving including first and second distal ends
spaced by an opening, said first and second distal ends

of said retainer ving forming respectively said first
holding section and said second holding section;

wherein the vetainer ving, when mounted on the veduced
portion of the engagement portion of the first object,
and when the engagement portion of the first object is
received in the receiving compartment of the second
object, has the outward portions of said first engaging
section protruding out of said rveduced portion of said

engagement portion bevond an outer perviphery thereof

and the outward portions arve radially engaged by an
inner perviphery of said receiving compartment of said
second object, so that the retainer ring is radially com-
pressed and the first and second holding sections are
radially inwardly clamped about the veduced cross-
section of said reduced portion.

10

45. The combination as claimed in claim 44, further com-
prising a third holding section opposite to said opening.
46. The combination as claimed in claim 45, wherein said
first engaging section protrudes radially outward from said
5 at least one of said first and second holding sections by a
distance less than said thickness of said rvetainer ving.

47. The combination as claimed in claim 44, wherein said
fivst engaging section of said retainer ving is opposite to said
opening.

48. The combination as claimed in claim 47, wherein said
first engaging section protrudes vadially outward from said
at least one of said first and second holding sections by a
distance less than said thickness of said retainer rving.

49. The combination as claimed in claim 44, wherein the
15 first object is an adaptor and the second object is a box end

of a wrench.

50. The combination as claimed in claim 49, wherein said
first engaging section protrudes vadially outward from said

at least one of said first and second holding sections by a
20 distance less than said thickness of said retainer ring.

51. The combination as claimed in claim 44, wherein the

first object is a bit and the second object is a shank of a

screwdriver.

52. The combination as claimed in claim 51, wherein said
25 first engaging section protrudes radially outward from said

at least one of said first and second holding sections by a

distance less than said thickness of said retainer rving.

53. The combination as claimed in claim 44, wherein said

first engaging section protrudes radially outward from said

30 at least one of said first and second holding sections by a
distance less than said thickness of said retainer ving.

54. The combination as claimed in claim 49, wherein the
adaptor comprises a polygonal engaging portion including
an annular groove.

55. The combination as claimed in claim 54, wherein the
adaptor comprises a drive end adapted for driving a socket.

56. The combination as claimed in claim 55, wherein the
box end of the wrench comprises a polygonal veceiving com-
partment.

57. The combination as claimed in claim 55, wherein the
box end of the wrench comprises a dodecagonal inner
periphery.

58. The combination as claimed in claim 49, wherein the
box end of the wrench comprises a polvgonal receiving com-
partment.

59. The combination as claimed in claim 49, wherein the
box end of the wrench comprises a dodecagonal inner
periphery.

60. The vetainer ring as claimed in claim 44, further com-
prising a third holding section and a second engaging
section, the first engaging section between the thivd holding
section and one of said distal ends of the vetainer ring and
the second engaging section between the third holding sec-
tion and the other of said distal ends.

61. The retainer ring as claimed in claim 60, wherein the
inner radius of curvature of the first engaging section is
constant along a civcumferential length of the engagement
section.

62. The retainer ving as claimed in claim 44, wherein the
first holding section extends between said first engaging sec-
tion and one of said distal ends, and the second holding
sections extends between said first engaging section and the
other of said distal ends.

63. The retainer ving as claimed in claim 62, wherein the
inner radius of curvature of the first engaging section is
constant along a civcumferential length of the engagement
section.
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64. The retainer ving as claimed in claim 62, wherein the
first and second holding sections have an inner vadius of
curvature equal to half of a diameter of the rveduced cross-
section of the first object along a circumferential length of
the holding sections.

63. A combination comprising.

an adaptor that includes an engagement portion and a
reduced portion of a radially rveduced cross-section
Jormed into the engagement portion;

a box end of a wrench that includes a receiving compart-
ment; and

a resilient vetainer ving designed for vadially vetaining the
engagement portion of the adaptor in the receiving
compartment of the box end of the wrench, the vetainer
ring having a substantially uniform rvadial thickness
along the civcumference thereof and comprising a plu-
rality of circumferential sections of said uniform
thickness, the circumferential sections including first,
second, and third holding sections and further includ-
ing first and second engaging sections, the first engag-
ing section having an inner vadius of curvature greater
than an inner radius of curvature of each of the holding
sections and defining a first outward portion having an
outer radius of curvature that is greater than an outer
radius of curvature of each of the holding sections, the
curvatures of the first engaging section and of said first
outward portion each having a center of curvature
within the civcumference of the retainer ving, the sec-
ond engaging section defining a second outward por-
tion having an outer vadius of curvatuve which is
greater than an outer radius of curvature of each of the
holding sections;

said vetainer ving further including first and second distal
ends spaced by an opening, said third holding section
being opposite to said opening, the first engaging sec-
tion extending between the first holding section and the
thivd holding section, and the second engaging section
extending between the second holding section and the
thivd holding section; wherein the rvetainer rving, when
mounted on the reduced portion of the engagement por-
tion of the adaptor, has said first, second and third
holding sections securely clamping radially on said
reduced portion of said engagement portion and has
said outward portions of said first and second engaging
sections protruding out of said veduced portion of said
engagement portion bevond an outer periphery therveof,
and said outward portions radially engage with an
inner perviphery of said receiving compartment of said
box end, when the engagement portion is received in
the receiving compartment of said box end of a wrench,
so that the retainer rving is vadially compressed and the
first, second and third holding sections are radially
inwardly clamped about the rveduced portion of the
engagement portion.

66. The combination as claimed in claim 65, wherein the
adaptor comprises a polygonal engaging portion including
an annular groove.

67. The combination as claimed in claim 66, wherein the
adaptor comprises a drive end adapted for driving a socket.

68. The combination as claimed in claim 66, wherein the
box end of the wrench comprises a receiving compartment
having a hexagonal inner periphery, and wherein the out-
ward portions of the first and second engaging sections of
the retainer ring engage with the hexagonal inner perviphery
of the receiving compartment at four points.

69. The combination as claimed in claim 68, wherein said
first engaging section protrudes vadially outward from said
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first and second holding sections by a distance less than said

thickness of said retainer ring.

70. The combination as claimed in claim 69, wherein said
second engaging section protrudes radially outward from
said second and thivd holding sections by a distance less
than said thickness of said retainer ring.

71. The combination as claimed in claim 68, wherein said
second engaging section protrudes vadially outward from
said second and thivd holding sections by a distance less
than said thickness of said retainer ring.

72. The combination as claimed in claim 66, wherein the

box end of the wrench comprises a dodecagonal inner

periphery and whevein the outward portions of the first and

second engaging sections of the vetainer ving engage with
the dodecagonal inner perviphery at six points.
73. The combination as claimed in claim 72, wherein said

first engaging section protrudes vadially outward from said
first and second holding sections by a distance less than said

thickness of said retainer ring.

74. The combination as claimed in claim 73, wherein said
second engaging section protrudes rvadially outward from
said second and thivd holding sections by a distance less
than said thickness of said vetainer ring.

75. The combination as claimed in claim 72, wherein said
second engaging section protrudes radially outward from
said second and thivd holding sections by a distance less
than said thickness of said retainer ring.

76. The combination as claimed in claim 65, wherein said

first engaging section protrudes vadially outward from said

1o Jirst and second holding sections by a distance less than said
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thickness of said retainer ring.

77. The combination as claimed in claim 76, wherein said
second engaging section protrudes rvadially outward from
said second and thivd holding sections by a distance less
than said thickness of said retainer ring.

78. The combination as claimed in claim 66, wherein said
second engaging section protrudes vadially outward from
said second and thivd holding sections by a distance less
than said thickness of said retainer rving.

79. A combination of a first object and a rvadially resilient
vetainer ving, the retainer ving mounted on a rveduced por-
tion of an engagement portion and designed for radially
retaining the engagement portion in a rveceiving compart-
ment of a second object,

the first object including the engagement portion and the
reduced portion of the engagement portion is formed
into the engagement portion to have a radially reduced
cross-section,

the retainer ring including two distal ends spaced by an
opening and having a substantially uniform radial
thickness along the circumferential length thereof,

the retainer ring further including a plurality of civcum-
ferential sections of said uniform thickness, the civcum-
Jerential sections including first and second holding
sections and a first engaging section, the first and sec-
ond holding sections having an inner rvadius of curva-
ture that is equal to half of a diameter of the cross-
section of the reduced portion of said engagement
portion, and the first engaging section having an inner
radius of curvature that is greater than said inner
radius of curvature of the holding sections, the first
engaging section defining an outward portion that pro-
trudes outwardly beyond a periphery of the engagement
portion and has an outer radius of curvature that is
greater than an outer vadius of curvature of the holding
sections, each of said curvatures having a center of
curvature inside the periphery of the rvetainer ving,
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wherein the reduced portion of said engagement portion is
radially clamped by the holding sections and the
retainer ving is radially compressible and is designed
to be compressed for radially inward clamping of the

14

87. The combination as claimed in claim 86, wherein the
inner radius of curvature of the first engaging section is
constant along a civcumferential length of the engaging sec-
tion.

holding sections onto the veduced section when the out- 5 88. The combination as claimed in claim 87, wherein the

ward portion of the engaging section is pressed in a inner radius of curvature of the first engaging section is

radially inward divection of the retainer ving. greater than the inner radius of curvature of the first and

80. The combination as claimed in claim 79, wherein the second holding sections by an amount less than said thick-
first holding section includes one of said distal ends of the ness of the retainer ring.

retainer ring, and the second holding section includes the 10  89. The combination as claimed in claim 86, wherein the

other of the distal ends of the retainer ving.

81. The combination as claimed in claim 79, wherein the
circumferential sections of the retainer ving further include a
second engaging section defining an outward portion pro-

periphery of the engagement portion of the first object is
hexagonal, and an outward portion is defined by each of two
circumferential ends of said first engaging section and pro-
trudes outwardly beyond the periphery of the engagement

truding outwardly beyond the periphery of the engagement 15 portion and has an outer radius of curvature greater than an

portion of the first object and having an outer vadius of
curvature that is greater than an outer radius of curvature of

each of the holding sections, wherein the curvature has a
center of curvature within the periphery of the rvetainer ring.

82. The combination as claimed in claim 81, wherein the
inner vadius of curvature of the first engaging section and an
inner radius of curvature of the second engaging section
each is greater than the inner radius of curvature of the first
and second holding sections by an amount less than said

20

outer radius of curvature of the holding sections.

90. The combination as claimed in claim 79, wherein the
circumferential sections of the retainer ring further include a
third holding section and a second engaging section, the
third holding section being opposite to said opening, the first
engaging section extending between the first holding section
and the thivd holding section, and the second engaging sec-
tion extending between the second holding section and the
thivd holding section.

thickness of the retainer ring. 25 91. The combination as claimed in claim 90, wherein the
83. The combination as claimed in claim 79, wherein an first and second engaging sections each have an inner radius
inner radius of curvature along civcumferential lengths of of curvature that is constant along a civcumferential length
the holding sections is defined by said inner radius of curva- of the engaging section.
turve of the first and second holding sections. 92. The combination as claimed in claim 90, wherein the
84. The combination as claimed in claim 79, wherein the 30 third holding section has an inner vadius of curvature that is
inner radius of curvature of the first engaging section is equal to half of a diameter of the reduced portion of the
greater than the inner vadius of curvature of the first and engagement portion of the first object.
second holding sections by an amount less than said thick- 93. The combination as claimed in claim 90, wherein the
ness of the retainer ving. inner radius of curvatuve of the first and second engaging
83. The combination as claimed in claim 79, wherein the 35 section is greater than an inner vadius of curvature of the
periphery of the engagement portion of the first object is thivd holding section by an amount less than said thickness
hexagonal, and an outward portion is defined by each of two of the retainer ring.
circumferential ends of said first engaging section and pro- 94. The combination as claimed in claim 90, wherein the
trudes outwardly bevond the periphery of the engagement periphery of the engagement portion of the first object is
portion and has an outer vadius of curvature greater than an 40 hexagonal and an outward portion protruding outwardly
outer radius of curvature of the holding sections. beyond the periphery of the engagement portion and having
86. The combination as claimed in claim 79, wherein the an outer radius of curvature greater than an outer radius of
first engaging section is opposite to said opening, and the curvature of each of the holding sections is defined by each
first holding section extends between the first engaging sec- of two circumferential ends of each of the first and second
tion and one of said distal ends of the rvetainer ving, and the 45 engaging sections.

second holding section extends between the first engaging
section and the other of said distal ends of the retainer ring. % %k ok %k
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