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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 de?nes 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

Provisional application No. 60/333,103, ?led on Nov.

having a tapered end and a body diameter siZed for sliding
engagement with the bore is provided which includes a cir
cumferential groove in the pin body for receiving the coil
spring upon insertion of the pin into the bore. A circumferen
tial 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

21,2001.

from the bore.
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METHOD FOR CONTROLLING CONNECT
AND DISCONNECT FORCES OF A
CONNECTOR

presses the coil spring along the spring minor axis and upon
further WithdraWal of the pin from the bore the spring expands

CROSS-REFERENCE TO RELATED
APPLICATION

a centerline of the coil spring, should the load angle be above
the centerline of the coil spring, disconnect Would not be

radially.
[0012]

[0001]

This application is a divisional application of US.

application Ser. No. 11/111,109, ?ledApr. 21, 2005, Whichis
a divisional application of US. application Ser. No. 10/300,
358, ?led Nov. 19, 2002, Which is a regular application of
Provisional No. 60/333,103, ?led Nov. 21, 2001, the contents
of all of Which are expressly incorporated herein by reference
for all purposes.
[0002] 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.

More particularly, the load angle is disposed beloW

possible. This distinguishes the present invention from the
hereinabove referenced prior art patents.
[0013] More particularly, the housing groove may include a
coil groove stop) disposed betWeen the release angle and the
bore inside surface for limiting axial movement of the coil
spring upon WithdraWal of the pin from the bore.
[0014] The release angle may be disposed at betWeen about
50 and about 90° to the centerline connector and is preferably
disposed at betWeen about 25° and about 65° to the connector
centerline.
[0015] 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.

BACKGROUND

[0003] Connectors have beef used in a great variety of
applications, see, for example, US. Pat. Nos. 4,678,210,
4,763,683, 5,411,348 and 5,545.842. Each ofthe connectors
referenced are directed to speci?c applications.

[0004] For example, US. 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 ?rst and second cylin
drical member.
[0005] US. 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 de?ne a center fuel

supply passage.
[0006]

US. 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 dissi
pation and environmental sealing.

[0016]

Still more particularly, the coil spring may be ini

tially disposed Within the cavity With a major axis disposed
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.

[0017] In all of the embodiments of the present invention,
the load angle may be disposed at an angle of betWeen about
50° and about 90° With the connector centerline and prefer
ably at about 40° to the connector centerline.

[0018] 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 10.
[0019] Further, control of the ratio of connect to disconnect
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.

[0007] The present invention provides for a connector uti
liZing a radial canted coil spring positioned Within a housing

BRIEF DESCRIPTION OF THE DRAWINGS

groove in a manner for controlling connect and disconnect

[0020] The advantages and features of the present invention
Will be better understood by the folloWing description When
considered in conjunction With the accompanying draWings

forces With a groove pin.
SUMMARY

[0008] 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.

[0009] A retainer is provided for de?ning 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.

[0010] 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.
[0011]

The circumferential groove includes a load angle for
rotating the coil spring in an orientation in Which the spring

in Which:
[0021] 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 de?ning 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:
[0022] FIGS. 2-3 are front and right hand side vieWs
respectively, of a radial canted coil spring for use in the

present invention;
[0023] 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 rotating the coil spring

major axis is parallel With the release angle upon initial With

to an orientation in Which the spring major axis is parallel to
the release angle upon initial WithdraWal of the pin from the

draWal of the pin from the bore. Continued WithdraWal com

bore;
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[0024]

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°
[0025] FIG. 10 is a vieW of another embodiment to the

present invention in Which the radial spring is initially dis
posed Within the cavity in a convex orientation having an

included angle of about 30°;
[0026]

FIGS. 11-16 are similar to the embodiment shoWn in

incorporated hereWith in their entirety by this speci?c refer
ence thereto for describing the types of radial springs suitable
for the present invention.
[0041] This spring 32 includes an inside diameter, D, Which
is smaller than the air groove 48 diameter in order that the
spring 32 is forced toWard a pin groove bottom, or inside

diameter, 66.
[0042] As shoWn in FIGS. 1 and 4-8, the release angle 22 is

FIGS. 1 and 4-8 shoWing stepWise positions of the pin, spring

disposed at about 23° to a centerline 70 of the connector 10.

and housing during connect and disconnect With a release

It should be appreciate that this release angle may be disposed

angle of about 33°;

at betWeen about 5° and 90° With the centerline 70 of the
connector 10 in order to control, connect and disconnect
forces, as hereinafter described.

[0027]

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;
[0028] 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;

[0029] FIGS. 29-34 are similar to FIGS. 1 and 3-8 shoWing
connect and disconnect steps With a release angle of about

45°;
[0030]

FIG. 35 is a vieW similar to FIG. 17 With a release

angle at 45°;
[0031]

FIG. 36 is a connector similar to that shoWn in FIG.

10 With a release angle of 45';
[0032] FIGS. 37-38 shoWn an embodiment in Which the

release angle is 65°;
[0033] FIGS. 39-40 are similar to the embodiment shoWn in
FIGS. 37-38 utiliZing a radial spring in a concave orientation
With an included angle at 45° and a release angle of 65°; and

[0034] 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
[0035]

With reference to FIG. 1 there is shoWn a connector

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.

[0036] A retainer 28 is provided, Which de?nes a spring
cavity 30 betWeen the retainer 28 and the release angle sur

[0043]

With reference again to FIG. 1, the load angle, L,

may be disposed at an angle of betWeen about 50 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.
[0044] 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.
[0045] 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 all insertion direction of the pin 34, as indi
cated by the arroW 86. It should be appreciated that common

reference numbers used throughout the speci?cation and all
of the draWings represent identical or substantially similar

components.
[0046]

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 uti
liZing a convex spring 82 With a release angle of about 33°.
[0047]

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

face 22.

sequential connect/disconnect steps are represented in FIGS.

[0037] 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.
[0038] The pin 34 includes a circumferential pin groove 48

30-34.
[0048]

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.
[0039] Further WithdraWal of the pin 34 from the bore 14
compresses the coil spring 32 along a spring minor axis 56

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.
[0049] FIGS. 41-45 shoWs the convex spring 82 With
sequential connect and disconnect steps With a release angle
of 65°.
[0050] Variation of the load angle 46 to the release angle 22
affects the force required to disconnect. The larger the release

(again, see FIGS. 2-3) and expands the spring 32 radially

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 re?ection
and the greater the force required to disconnect.

upon continued WithdraWal of the pin 34 from the bore 14 as
also discussed hereinafter.

[0051] As hereinabove noted, the closer the radial center
line 70 of the spring 32 to a load point 90 at the intersection of

[0040]

the pin body 38 With the load angle surface 46 (see FIG. 1) the
higher the disconnect force preparing in mind. HoWever, if

With speci?c referenced to FIGS. 2 and 3, there is

shoWn the circular radial canted coil spring 32 having a cen
terline 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 US. Pat. Nos.
5,139,243, 5,108,076 and 4,893,795. These patents are to be

the load point 90 is above the centerline 70 disconnect is not

possible.
[0052]

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
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connector centerline 70. The concave springs 72 have an

[0061]

included angle of between 1° and 89° included angle and the

entry angle of the spring.

a. A connector Whose entry angle is parallel to the

convex spring 82 has a turn angle of betWeen about 10 and 89°

[0062]

included angle, With 30° being shoWn in the FIGS. 17-22 and

connecting process has the minimum amount of frictional
force. A concave spring Will have less frictional force.
[0063] c.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 de?ecting the
disconnect Will create a higher force.
[0064] d. A spring When de?ected at disconnect Will

23-38 respectively.
[0053] 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.
[0054] 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.
[0055] 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

b. A coil that When de?ected radially during the

develop a higher force by varying the release angle. The
higher the release angle, the higher the amount of spring
de?ection and the higher the force developed at disconnect.
[0065] In addition to the type of spring used, the many
factors that Will affect the disconnect force.
[0066] a. The larger the release angle of the housing, the
greater the force required to disconnect.
[0067] b. The larger the load angle, the greater the force
required to disconnect.
[0068] c. The larger Wire diameter of the spring coil, the

greater the force developed and the higher the force required
to disconnect.

[0069] d. 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.
[0070] e. The smaller the back angle of the coil, the higher
the force required to disconnect.

connect force.

[0071]

[0056] The concave spring 72 has the advantage that the
tapered end 36 of the phi 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 con

the force required to disconnect.
[0072] g. 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.

cave angle the same as the tapered end 36.

[0057]

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 appli
cations for a high entry force is desirable.

[0058]

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,

[0073]

f. The smaller the front angle of the coil, the higher

h. 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 maxi
miZing the ratio of disconnect to connect.
[0074] i. The relationship betWeen the load angle and the

release angle. The load angle must alWays be larger than the
release angle. The smaller the difference betWeen the tWo, the
greater the force required to disconnect. For most applica

82 utiliZed be it the radial 32, radio concave 72 or radio
convex 82 With the concave spring 72 requiring more force to

tions, a variation betWeen the tWo of 70 appears to Work

disconnect than the radial spring 32 and convex spring 82.

satisfactorily.

The reason for this force difference is due to the fact that the

[0075] j. The force required to stretch the spring during

spring 32, 72, 82 must position itself With the major axis 76,

connection. The higher the force, the loWer the ratio of dis

84, 94 of the coil parallel to the release angle surface 22 in the

connect to connect.

housing 12, and that requires turning of the spring 32, 72, 82.

[0076] k. For this type of application, a spring force that
increases With de?ection is highly desirable. This character
istic 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 de?ection.
[0077] With the present invention the ratio of disconnect

[0059] The concave spring 72 requires greater ° 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 signi?cant advantage.
[0060] In general, there are four main factors that affect the
selection of the spring for maximum connect or disconnect
ratio. They are:

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 ?gures shoW a comparison
betWeen the effect that the release angle 22 has on the axial

play and de?ection of the spring 32. As hereinabove noted,
the smaller the release angle 22 the loWer the force developed.
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The larger the release angle 22 the higher the de?ection and
the higher the force developed to disconnect.
[0078] It should be appreciate that the actual play of the pin
34 varies With the release angle 22. By Way of speci?c
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

de?ection is 0. All ofthe springs 22, 72, 82 (see FIGS. 37-45).
[0079] Although there has been hereinabove described a
speci?c 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 inven

tion illustratively disclosed herein suitably may be practiced
in the absence of any element, Which is not speci?cally dis
close herein. Accordingly any and all modi?cations, varia
tions 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 de?ned in the appended claims.

4. The method according to claim 1, further comprising
selecting a spring coil Width to coil height ratio of 1.04 or
beloW.
5. The method according to claim 1, Wherein the pin groove
comprises a load point and Wherein the load point is located
beloW a centerline of the coil spring.

6. The method according to claim 1, further comprising the
step of selecting the angle of the release surface to bottom
surface to be smaller than the angle of the load surface to
groove bottom surface.

7. The method according to claim 1, further comprising the
step of selecting an angle of the tapered end of the pin relative
to the longitudinal axis so that the angle is parallel to the

major axis of the coil spring.
8. The method according to claim 1, Wherein the bottom
surface of the housing groove is spaced from the coil spring
When the pin is connected to the housing to permit radial
expansion of the coil spring.
9. The method according to claim 1, Wherein the housing is
held steady relative to the pin While the pin is moved in the
second direction to separate from the housing.
10. The method according to claim 1, in the spring second
position, the ma or axis is parallel to the to the release surface.

What is claimed is:
1. A method of connecting a pin to a housing of a connector
With a connect force, Which is less than a disconnect force to

disconnect the pin from the housing said method comprising:
providing the housing With a bore and a housing groove,
said housing groove comprising a bottom surface and a
release surface that forms an angle to the bottom surface,
Wherein said angle betWeen said bottom surface and said
release surface is betWeen 5° and 89°;
providing a coil spring for use With the housing, said coil
spring comprising a major axis, a minor axis, and a
passage in betWeen tWo coil sections;

11. The method according to claim 1, Wherein the angle of
the bottom surface and the release surface is selected of an
amount cause the coil spring to de?ect upon disconnect.
12. The method of claim 1, Wherein the disconnect force is

from about eleven times to about thirty times greater than the
connect force.
13. A method of connecting a pin to a housing of a connec
tor With a connect force, Which is less than a disconnect force

to disconnect the pin from the housing, the method compris

ing:
inserting a pin into a bore of a housing by moving the pin in

providing the pin With a longitudinal axis, a tapered end,

a ?rst direction so that a canted coil spring is positioned
betWeen a pin groove and a housing groove to connect

and a pin groove comprising a groove bottom surface
and a load surface that forms an angle to the groove

the pin to the housing; Wherein:
the pin comprises a longitudinal axis, an insertion end

bottom surface, Which is less than ninety degrees;
Wherein the connect force is controlled by selecting the

comprising an acute tapered surface relative to the

tion to the longitudinal axis of the pin When the pin is

longitudinal axis, and a body having an outside diam
eter and the pin groove, said pin groove comprising a
groove bottom surface being generally parallel to the

moved in a ?rst direction relative to the housing to con

longitudinal axis and a load surface that forms an

major axis of the coil spring to have a concave orienta

nect the pin to the housing;
Wherein the disconnect force is controlled by selecting the
angle of the release surface to bottom surface and the
angle of the load surface to groove bottom surface that
cooperate to force the major axis of the coil spring to

angle to the groove bottom surface and Wherein the

angle is less than ninety degrees;
the housing comprises a bore having the housing groove
disposed on an inside surface of said bore, said hous

ing groove comprising a groove bottom surface being

generally parallel to the longitudinal axis of the pin

rotate from a ?rst position relative to the longitudinal
axis to a second position relative to the longitudinal axis
upon removing the pin in a second direction relative to

bottom surface and Wherein the angle is less than

the housing, Which is opposite the ?rst direction, to
disconnect the pin from the housing; and

the canted coil spring comprises a major axis and a

Wherein the disconnect force is at least one time greater
than the connect force.

2. The method according to claim 1, Wherein the step of

controlling the disconnect force comprises selecting the angle
betWeen the bottom surface of the housing groove and the
release surface to be betWeen 25° and 65°.

3. The method according to claim 1, Wherein the step of

controlling the disconnect force comprises selecting the angle
betWeen the groove bottom surface of the pin groove and the
load surface to be larger than about 40°.

and a release surface that forms an angle to the groove

ninety degrees;
minor axis;
removing the pin from the housing so that the canted coil
spring is no longer positioned betWeen the pin groove
and the housing groove by moving the pin in a second
direction and causing the major axis of the spring to
rotate from a ?rst angle relative to the longitudinal axis
to a second angle relative to the longitudinal axis; and
Wherein the disconnect force to disconnect the pin from the
housing is one or more times greater than the connect

force to connect the pin to the housing.
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14. The method according to claim 13, wherein the step of

said pin groove comprising a groove bottom surface

controlling the disconnect force comprises selecting the angle

being generally parallel to the pin longitudinal axis and

betWeen the bottom surface of the housing groove and the

a load surface that forms an angle to the groove bottom

release surface to be betWeen 25° and 65°.

15. The method according to claim 13, Wherein the step of

controlling the disconnect force comprises selecting the angle
betWeen the groove bottom surface of the pin groove and the
load surface to be larger than about 40°.
16. The method according to claim 13, further comprising
selecting a spring coil Width to coil height ratio of 1.04 or
beloW.
17. The method according to claim 13, Wherein the pin
groove comprises a load point and Wherein the load point is
located beloW a centerline of the canted coil spring.
18. The method according to claim 13, further comprising
the step of selecting the angle of the release surface to bottom
surface to be smaller than the angle of the load surface to
groove bottom surface.
19. The method according to claim 13, further comprising

the step of selecting an angle of the tapered end of the pin
relative to the longitudinal axis so that the angle is parallel to

the major axis of the coil spring.
20. The method according to claim 13, Wherein the bottom
surface of the housing groove is spaced from the coil spring
When the pin is connected to the housing.
21. The method according to claim 13, Wherein the second
angle is the same as the angle betWeen the release surface and
the groove bottom surface.
22. The method according to claim 13, Wherein the coil
spring is a canted coil spring.
23. The method according to claim 13, Wherein the angle of
the bottom surface and the release surface is selected of an
amount cause the coil spring to de?ect upon disconnect.
24. The method of claim 13, Wherein the disconnect force

is from about ?ve times to about thirty times greater than the
connect force.

25. A connector having a pin and a housing structured to
have a connect force to connect the pin to the housing being
less than a disconnect force to disconnect the pin from the

housing, said connector comprising:
a pin longitudinal axis, a pin insertion end comprising a

surface;
a housing bore comprising a housing groove disposed on
an inside surface of said housing bore, said housing
groove comprising a groove bottom surface being gen
erally parallel to the longitudinal axis of the pin and a
release surface that forms an angle to the groove bottom

surface;
a canted coil spring comprising a major axis and a minor

axis located in both the pin groove and the housing
groove When the pin is connected to the housing;
Wherein said major axis of said canted coil spring forms a
concave orientation relative to the pin longitudinal axis
prior to connecting the pin to the housing to control, at
least in part, the connect force;
Wherein the angle of the groove bottom surface and the
load surface of the pin is larger than the angle of the
groove bottom surface and the release surface of the
housing groove to control, at least in part the disconnect

force; and
Wherein the disconnect force to disconnect the pin from the
housing is greater than the connect force to connect the

pin to the housing.
26. The connector of claim 25, Wherein the angle of the
groove bottom surface and the load surface of the pin is at

least forty degrees to about eighty nine degrees.
27. The connector of claim 25, Wherein the angle of the
groove bottom surface and the release surface of the housing
groove is about ?ve degrees to about eighty nine degrees.
28. The connector of claim 25, Wherein the groove bottom
surface of the housing groove is spaced from the canted coil

spring When the pin is connected to the housing to permit
radial expansion of the coil spring.
29. The connector of claim 25, further comprising a

retainer forming part of the housing groove.
30. The connector of claim 25, Wherein the connector is
structured so that the pin is connectable to the housing When
moving in a ?rst direction and disconnectable from the hous
ing When moving in a second direction.

tapered surface relative to the pin longitudinal axis, and
a pin body having an outside diameter and a pin groove,
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