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(57) ABSTRACT 

A connector includes a housing having a bore with a housing 
groove disposed on an inside Surface of the bore with a 
groove establishing a release angle between a housing 
groove bottom and a bore inside Surface. A retainer defines 
a Spring cavity between a retainer and the release angle and 
a circular radial canted coil Spring is disposed in the Spring 
cavity. A pin having a tapered end and a body diameter sized 
for sliding engagement with the bore is provided which 
includes a circumferential groove in the pin body for receiv 
ing the coil spring upon insertion of the pin into the bore. A 
circumferential groove includes a load angle for rotating the 
coil spring in an orientation in which the major Spring axis 
is parallel to the release angle upon initial withdrawal of the 
pin from the bore. The coil is further compressed along the 
Spring minor axis and expands radially upon continued 
withdrawal of the pin from the bore. 
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CONNECTOR WITH RADAL SPRING 

0001. The present invention is generally related to con 
necting mechanisms and is more particularly related to a 
connector that requires low force to connect and high force 
to disconnect. 

0002 Connectors have been used in a great variety of 
applications, see, for example, U.S. Pat. Nos. 4,678,210, 
4,763,683, 5,411,348 and 5,545,842. Each of the connectors 
referenced are directed to specific applications. 
0003) For example, U.S. Pat. No. 4,678,210, provides for 
a loading and locking mechanism directed to engaging and 
interlocking lightweight, delicate and many times fragile 
cylindrical parts with one another and provides for locking 
means for preventing Separation of a first and Second cylin 
drical member. 

0004 U.S. Pat. No. 4,763,683 is directed to a breakaway 
coupling for a coaxial fuel Supply hose and provides for 
inner-connecting valve bodies, which define a center fuel 
Supply passage. 

0005 U.S. Pat. Nos. 5,411,348 and 5,545,842 are 
directed to mechanisms for connecting and locking parts for 
effecting electromagnetic Shielding, electrical conductivity, 
heat dissipation and environmental Sealing. 
0006 The present invention provides for a connector 
utilizing a radial canted coil Spring positioned within a 
housing groove in a manner for controlling connect and 
disconnect forces with a groove pin. 

SUMMARY OF THE INVENTION 

0007. A connector in accordance with the present inven 
tion generally includes a housing having a bore with a 
groove disposed on an inside Surface of the bore. The bore 
groove establishes a release angle between a housing groove 
bottom and the bore inside Surface. 

0008. A retainer is provided for defining a spring cavity 
between the retainer and the release angle and a circular 
radial canted coil Spring is disposed in the Spring cavity. The 
coil spring includes a centerline, a major and a minor axis, 
as hereinafter described. 

0009. A pin is provided having a tapered end and a body 
diameter sized for sliding engagement with the bore inside 
Surface. A circumferential groove is formed in the pin body 
for receiving the coil spring upon insertion of the pin into the 
bore. 

0.010 The circumferential groove includes a load angle 
for rotating the coil spring in an orientation in which the 
Spring major axis is parallel with the release angle upon 
initial withdrawal of the pin from the bore. Continued 
withdrawal compresses the coil spring along the Spring 
minor axis and upon further withdrawal of the pin from the 
bore the Spring expands radially. 
0.011) More particularly, the load angle is disposed below 
a centerline of the coil Spring, should the load angle be above 
the centerline of the coil Spring, disconnect would not be 
possible. This distinguishes the present invention from the 
hereinabove referenced prior art patents. 
0012 More particularly, the housing groove may include 
a coil groove Stop disposed between the release angle and 
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the bore inside Surface for limiting axial movement of the 
coil spring upon withdrawal of the pin from the bore. 
0013 The release angle may be disposed at between 
about 5 and about 90 to the centerline connector and is 
preferably disposed at between about 25 and about 65° to 
the connector centerline. 

0014 With the use of the stop means, hereinabove noted, 
the preferable release angle is between about 25 and about 
30 to a centerline of the connector. 

0015 Still more particularly, the coil spring may be 
initially disposed within the cavity with a major axis dis 
posed within an included angle of between about 30 and 
about 45. In that regard, the coil spring may be initially 
disposed in the cavity in a conveX orientation or in a concave 
orientation. 

0016. In all of the embodiments of the present invention, 
the load angle may be disposed at an angle of between about 
5 and about 90 with the connector centerline and prefer 
ably at about 40 to the connector centerline. 
0017 Preferably, the coil spring has an inside diameter 
Smaller than the pin body diameter, So that a force is 
provided which urges the coil Spring toward the inside 
diameter of the pin groove. This facilitates insertion of the 
pin into the Spring. In addition, preferably, the load angle 
means is greater than the release angle by at least 1. 
0018 Further, control of the ratio of connect to discon 
nect forces is provided by a Spring having a ratio of coil 
width to coil height of between about 1 to about 1.5, 
preferably, between about 1 to about 1.04. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The advantages and features of the present inven 
tion will be better understood by the following description 
when considered in conjunction with the accompanying 
drawings in which: 
0020 FIG. 1 is a side view, in partial cross section, of a 
connector in accordance with the present invention generally 
showing a housing with a bore and groove therein, a retainer 
for defining a Spring cavity, a circular radial canted coil 
Spring disposed in the cavity and a pin having a tapered end 
with a body diameter sized for sliding engagement with the 
bore inside Surface; 
0021 FIGS. 2-3 are front and right hand side views, 
respectively, of a radial canted coil spring for use in the 
present invention; 
0022 FIGS. 4-8 are similar to FIG. 1 showing stepwise 
insertion, or connect, and withdrawal, or disconnect, of the 
pin from the housing utilizing a release angle of 23 and 
further showing Stop means disposed between the release 
angle and a bore inside Surface for limiting axial movement 
of the coil upon withdrawal of the pin from the bore, the 
circumferential pin groove including a load angle for rotat 
ing the coil spring to an orientation in which the Spring 
major axis is parallel to the release angle upon initial 
withdrawal of the pin from the bore; 
0023 FIG. 9 is an alternative embodiment to the present 
invention in which the radial Spring is initially disposed in 
the cavity in a concave orientation with an included angle of 
30°: 
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0024 FIG. 10 is a view of another embodiment to the 
present invention in which the radial Spring is initially 
disposed within the cavity in a convex orientation having an 
included angle of about 30; 
0025 FIGS. 11-16 are similar to the embodiment shown 
in FIGS. 1 and 4-8 showing stepwise positions of the pin, 
Spring and housing during connect and disconnect with a 
release angle of about 33; 
0026 FIGS. 17-22 are similar to the embodiment shown 
in FIGS. 11-16 with the spring being initially disposed in the 
cavity in a concave orientation; 
0027 FIGS. 23-28 are similar to the embodiment shown 
in FIGS. 11-16 with the spring initially disposed in the 
cavity in a conveX orientation; 
0028 FIGS. 29-34 are similar to FIGS. 1 and 3-8 
showing connect and disconnect Steps with a release angle 
of about 45; 
0029 FIG.35 is a view similar to FIG. 17 with a release 
angle at 45; 
0030 FIG. 36 is a connector similar to that shown in 
FIG. 10 with a release angle of 45°; 
0031 FIGS. 37-38 shown an embodiment in which the 
release angle is 65; 
0032 FIGS. 39-40 are similar to the embodiment shown 
in FIGS. 37-38 utilizing a radial spring in a concave orien 
tation with an included angle at 45 and a release angle of 
65; and 
0.033 FIGS. 41-45 shows stepwise connect and discon 
nect Sequential movement of the pin in housing utilizing a 
radial Spring in a convex orientation with an included angle 
of 45 and a release angle of 65. 

DETAILED DESCRIPTION 

0034). With reference to FIG. 1, there is shown a con 
nector 10, which includes a housing 12 having a bore 14, 
having a groove 16 disposed on an inside Surface 18. The 
groove 16 establishes a release angle, or Surface, 22 between 
a housing groove bottom 24 and the bore inside surface 18. 
0.035 A retainer 28 is provided, which defines a spring 
cavity 30 between the retainer 28 and the release angle 
Surface 22. 

0036) A circular radial canted coil spring 32 is disposed 
in the spring cavity 30 and a pin 34 having a tapered end 36 
includes a body 38 having a diameter sized for sliding 
engagement with the bore inside Surface 18. 
0037. The pin 34 includes a circumferential pin groove 
48 having a load angle, or Surface, 46, which provides a 
means for rotating the Spring 32 to an orientation in which 
a spring major axis 54, see FIGS. 2 and 3, is parallel with 
the release angle 22 upon initial withdrawal of the pin 34 
from the bore 14, as will be hereinafter discussed in greater 
detail. 

0038. Further withdrawal of the pin 34 from the bore 14 
compresses the coil spring 32 along a Spring minor axis 56 
(again, see FIGS. 2-3) and expands the Spring 32 radially 
upon continued withdrawal of the pin 34 from the bore 14 
as also discussed hereinafter. 
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0039. With specific referenced to FIGS. 2 and 3, there is 
shown the circular radial canted coil Spring 32 having a 
centerline 60 and a turn angle A. The turn angle A is the 
angle between the centerline 60 of the spring 32 and a 
centerline of the coils 62. Such springs 32 are described in 
U.S. Pat. Nos. 5,139,243, 5,108,076 and 4,893,795. These 
patents are to be incorporated herewith in their entirety by 
this specific reference thereto for describing the types of 
radial Springs Suitable for the present invention. 
0040. This spring 32 includes an inside diameter, D, 
which is smaller than the pin groove 48 diameter in order 
that the Spring 32 is forced toward a pin groove bottom, or 
inside diameter, 66. 

0041 As shown in FIGS. 1 and 4-8, the release angle 22 
is disposed at about 23 to a centerline 70 of the connector 
10. It should be appreciate that this release angle may be 
disposed at between about 5° and 90° with the centerline 70 
of the connector 10 in order to control, connect and discon 
nect forces, as hereinafter described. 

0042. With reference again to FIG. 1, the load angle, L, 
may be disposed at an angle of between about 5 and about 
90° to the connector centerline 70, with about 40 being 
shown in FIGS. 1-8. This load angle surface contributes to 
the control of connects/release force ratios, as will be 
hereinafter discussed in greater detail. 
0043. As shown in FIG. 9, a radial spring 72 may be 
initially disposed in the cavity 30 in a concave orientation 
with an included angle of between about 30 and about 45, 
30 being shown. In this arrangement, a major axis 76 is 
initially oriented in a direction toward a connect direction of 
the pin 34, as shown by the arrow 78. 
0044) With reference to FIG. 10, there is shown a spring 
82 disposed in a convex orientation within the cavity 30 
having an included angle of between about 30 and about 
45, 30 being shown. In this arrangement, a coil major axis 
84 is oriented against an insertion direction of the pin 34, as 
indicated by the arrow 86. It should be appreciated that 
common reference numbers used throughout the Specifica 
tion and all of the drawings represent identical or Substan 
tially similar components. 

004.5 FIGS. 11-16 are similar to FIGS. 1 and 4-8 with a 
release angle of about 33. Similarly, FIGS. 17-22 include a 
release angle at 33 utilizing the concave spring 72 and 
FIGS. 23-28 represent sequential connect and disconnect 
StepS utilizing a conveX Spring 82 with a release angle of 
about 33. 

0046 FIGS. 29-34 are similar to FIGS. 1 and 4-8 with a 
release angle at 45°. FIG. 35 is similar to FIG. 29 utilizing 
a concave spring 72 and FIG. 36 utilizing the convex spring 
82 sequential connect/disconnect StepS are represented in 
FIGS. 30-34. 

0047 FIGS. 37 and 38 are similar to FIG. 1, with a 
release angle of 65 with a corresponding concave spring 72 
and convex spring 82 being shown in FIGS. 39 and 40. 

0048 FIGS. 41-45 shows the convex spring 82 with 
Sequential connect and disconnect Steps with a release angle 
of 65°. 

0049 Variation of the load angle 46 to the release angle 
22 affects the force required to disconnect. The larger the 
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release angle 22, the higher the force to disconnect. The 
larger the load angle 46 the greater the force required to 
disconnect. The greater the release angle 22 the greater the 
coiled 62 reflection and the greater the force required to 
disconnect. 

0050. As hereinabove noted, the closer the radial center 
line 70 of the spring 32 to a load point 90 at the intersection 
of the pin body 38 with the load angle surface 46 (see FIGS. 
1) the higher the disconnect force preparing in mind. How 
ever, if the load point 90 is above the centerline 70 discon 
nect is not possible. 
0051. As shown in FIG. 1, the radial spring 32 has a 0° 
turn angle that is a major axis 94 (see FIG. 1) is parallel with 
the connector centerline 70. The concave springs 72 have an 
included angle of between 1 and 89 included angle and the 
convex spring 82 has a turn angle of between about 1 and 
89 included angle, with 30 being shown in the FIGS. 
17-22 and 23-28 respectively. 
0.052 Concave springs 72 have the advantage of reduced 
force during initial connection when the concave angle is the 
same as the entry angle B, see FIGS. 1 and 9 of the pin 34 
because minimum force is require to turn the Spring 72 
during connection. If the angles of the Springs 32, 82 and the 
entry angle B are different the tapered end 36 of the pin 34 
must turn the spring 32, 82 so that the major axis 94, 84 is 
parallel to the entry angle B of the tapered end 36 of the pin 
34. The higher the variation that exists between the entry 
angle B of the tapered end 32 of the pin 34 and the turn angle 
of the Spring the higher the force will be required to connect. 
0053 As shown in FIGS. 1 and 4-8, the radial spring 32 
has a major axis 94, which is parallel to the centerline 70, 60 
of the spring 32, see FIGS. 2-3. This type of spring 32 is 
desirable when the pin 34 has no chamfer, or tapered end, 
not shown. 

0054. In this case, the pin 32 outside diameter at entry 
will be parallel to the major axis of coil Since the inside 
diameter of the Spring 32 is generally Smaller than the pin 
body outside diameter 38. A tapered end, or chamfer, 36 is 
desirable for facilitating assembly. The tapered end 36 
reduces the force required to connect, which is important 
Since an objective of the present invention is to maximize the 
ratio of disconnect to connect force. 

0.055 The concave spring 72 has the advantage that the 
tapered end 36 of the pin 34 at the entry angle can be made 
parallel to the concave angle. In this manner, the initial force 
required to connect is minimized by making the Spring 
concave angle the same as the tapered end 36. 
0056. The convex spring 82 requires substantially greater 
force at entry because it will be necessary to turn this Spring 
82 to the position of the entry angle of the tapered end 36 of 
the pin 34. Thus, the convex spring 82 is desirable and 
applications for a high entry force is desirable. 
0057 When connection takes place, the spring 32,72, 82 
positions itself at the normal or initial position at the bottom 
66 of the pin groove 48. The force required to disconnect the 
connector 10 varies depending upon the type of Spring 32, 
72, 82 utilized be it the radial 32, radio concave 72 or radio 
conveX 82 with the concave Spring 72 requiring more force 
to disconnect than the radial Spring 32 and conveX Spring 82. 
The reason for this force difference is due to the fact that the 
spring 32,72, 82 must position itself with the major axis 76, 
84, 94 of the coil parallel to the release angle surface 22 in 
the housing 12, and that requires turning of the Spring 32,72, 
82. 
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0058. The concave spring 72 requires greater degree of 
turning of the coil in the conveX Spring 82 and the more 
turning the Spring 72, 82, the more StreSSes are parted to the 
Spring causing greater force at disconnect. For these reasons, 
the spring 32, 72, 82 that requires minimum amount of 
turning results in minimum disconnect force and maximum 
turning results and maximum disconnect force. The concave 
Spring 72 offers greater variation between disconnect and 
connect ratio because it requires less force to connect and 
greater forces to disconnect. When this feature is desirable 
to concave Spring 72 has significant advantage. 
0059. In general, there are four main factors that effect 
the Selection of the Spring for maximum connect or discon 
nect ratio. They are: 

0060) 1. A connector whose entry angle is parallel to 
the entry angle of the Spring. 

0061 2. A coil that when deflected radially during 
the connecting proceSS has the minimum amount of 
frictional force. A concave Spring will have less 
frictional force. 

0062. 3. A spring that when it is in the connect 
position will assume a turn angle that will require 
maximum turning, thus creating greater Stresses on 
the Spring and upon deflecting the disconnect will 
create a higher force. 

0063 4. A spring when deflected at disconnect will 
develop a higher force by varying the release angle. 
The higher the release angle, the higher the amount 
of Spring deflection and the higher the force devel 
oped at disconnect. 

0064. In addition to the type of spring used, the many 
factors that will affect the disconnect force. 

0065 1. The larger the release angle of the housing, 
the greater the force required to disconnect. 

0066 2. The larger the load angle, the greater the 
force required to disconnect. 

0067 3. The larger wire diameter of the spring coil, 
the greater the force developed and the higher the 
force required to disconnect. 

0068 4. The smaller the ratio of the coil width to the 
coil height, the rounder the croSS Section of the coil 
will be and the higher the force to disconnect. The 
typical desirable ratio to develop higher force would 
be 1 to 1.04. 

0069) 5. The smaller the back angle of the coil, the 
higher the force required to disconnect. 

0070) 6. The smaller the front angle of the coil, the 
higher the force required to disconnect. 

0071 7. The relationship between the centerline of 
the Spring coil in a connect position to the diameter 
of the pin at the load point. The shorter the radial 
distance between the centerline of the coil and the 
load point, the greater the axial force developed at 
disconnect and the greater the force required to 
disconnect. 

0072 8. The higher the modulus of elasticity of the 
wire, the higher the force to disconnect. Therefore, 
the Selection of the Spring material becomes a very 
important factor in maximizing the ratio of discon 
nect to COnnect. 
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0073 9. The relationship between the load angle and 
the release angle. The load angle must always be 
larger than the release angle. The Smaller the differ 
ence between the two, the greater the force required 
to disconnect. For most applications, a variation 
between the two of 7 appears to work satisfactorily. 

0074 10. The force required to stretch the spring 
during connection. The higher the force, the lower 
the ratio of disconnect to connect. 

0075) 11. For this type of application, a spring force 
that increases with deflection is highly desirable. 
This characteristic can be achieved in a canted coil 
Spring by controlling the ratio of the coil height to 
wire diameter. The smaller the ratio, the higher the 
force as a function of Spring deflection. 

0.076 With the present invention, the ratio of disconnect 
force to connect force may be as high as 30 to 1. FIGS. 1 
and 4-8 illustrate sequential position of the pin 34 and 
housing 12 utilizing a release angle 22 of the 23. FIGS. 
11-16 illustrate the connect disconnect StepS utilizing a 
release angle of 33 and FIGS. 29-34 show the connect/ 
disconnect steps with a release angle at 45. These figures 
show a comparison between the effect that the release angle 
22 has on the axial play and deflection of the Spring 32. AS 
hereinabove noted, the Smaller the release angle 22 the lower 
the force developed. The larger the release angle 22 the 
higher the deflection and the higher the force developed to 
disconnect. 

0077. It should be appreciate that the actual play of the 
pin 34 varies with the release angle 22. By way of specific 
example, at Small angles, that is 23 and 33 the axial play 
is approximately the same at about 0.007 inches. As a release 
angle 22 increases to 45 the axial play decreases to 0.004 
inches with the same dimensions. See FIGS. 29-36. The 
axial deflection is 0. All of the springs 22,72, 82 (see FIGS. 
37–45). 
0078. Although there has been hereinabove described a 
Specific connector with radial Spring in accordance with the 
present invention for the purpose of illustrating the manner 
in which the invention may be used to advantage, it should 
be appreciated that the invention is not limited thereto. That 
is, the present invention may Suitably comprise, consist of, 
or consist essentially of the recited elements. Further, the 
invention illustratively disclosed herein suitably may be 
practiced in the absence of any element, which is not 
Specifically disclose herein. Accordingly, any and all modi 
fications, variations or equivalent arrangements which may 
occur to those skilled in the art, should be considered to be 
within the Scope of the present invention as defined in the 
appended claims. 
What is claimed is: 

1. A connector comprising: 
a housing having a bore with a housing groove disposed 
on an inside Surface of Said bore, Said groove estab 
lishing a release angle between a housing groove 
bottom and the bore inside Surface; 

a retainer for defining a Spring cavity between the retainer 
and Said release angle; 

a circular radial canted coil Spring disposed in Said Spring 
cavity, the coil Spring having a major and a minor axis, 

a pin having a tapered end and a body diameter sized for 
sliding engagement with the bore inside Surface and 
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having a circumferential groove in the pin body for 
receiving the coil Spring upon insertion of the pin into 
the bore, Said circumferential groove having load angle 
means for rotating the coil Spring to an orientation in 
which the Spring major axis is parallel with Said release 
angle upon initial withdrawal of Said pin from Said bore 
and compressing the coil Spring along the Spring minor 
axis and expands the Spring radially upon continued 
withdrawal of said pin from said bore. 

2. The connector according to claim 1 wherein Said load 
angle is disposed below a centerline of the coil Spring. 

3. The connector according to claim 1 wherein the hous 
ing groove includes coil groove Stop means disposed 
between the release angle and the bore inside Surface, for 
limiting axial movement of the coil spring upon withdrawal 
of Said pin from Said bore. 

4. The connector according to claim 1 wherein Said 
release angle is disposed at between about 5 and about 90 
to a centerline of the connector. 

5. The connector according to claim 1 wherein Said 
release angle is disposed at between about 25 and about 65 
to a centerline of the connector. 

6. The connector according to claim 1 wherein Said 
release angle is disposed at between about 25 and about 30 
to a centerline of the connector. 

7. The connector according to claim 6 wherein the hous 
ing groove includes Said groove Stop means disposed 
between the release angle and the bore inside Surface, for 
limiting axial movement of the coil spring upon withdrawal 
of Said pin from Said housing. 

8. The connector according to claim 7 wherein the coil 
Spring is a radial coil Spring. 

9. The connector according to claim 8 wherein the coil 
Spring is initially disposed in the cavity with the major axis 
disposed with an included angle of between about 30 and 
about 45. 

10. The connector according to claim 9 wherein the coil 
Spring is initially disposed in the cavity is a convex orien 
tation. 

11. The connector according to claim 9 wherein the coil 
Spring is initially disposed in the cavity in a concave 
orientation. 

12. The connector according to any one of claims 8, 9, 10 
or 11 wherein Said load angle means is disposed at an angle 
between about 5 and about 90 to said connector centerline. 

13. The connector according to any one of claims 8, 9, 10 
or 11 wherein Said load angle means is disposed at about 40 
to Said connector centerline. 

14. The connector according to claim 1 wherein the coil 
Spring has an inside diameter Smaller than the pin body 
diameter. 

15. The connector according to claim 1 wherein Said load 
angle means is greater than the release angle by at least 1. 

16. The connector according to claim 1 wherein the coil 
Spring has a ratio of coil width to coil height from 1 to about 
1.5. 

17. The connector according to claim 16 wherein the coil 
Spring has a ratio of coil width to coil height from 1 to about 
1.04. 


