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(54) Break-away electrical connector

(57) An electrical connector 12 for electrically con-
necting a terminal to a cord 18 of a peripheral device 16,
the electrical connector 12 including a plug member 20,
a lever arm 40 pivotally attached to the plug member 20,
and a biasing member 44. The plug member 20 and lever
arm 40 each include an engagement claw 36, 38 adapted
to engage complementary surfaces on the terminal, and
the biasing member 44 imparts a biasing force on the
lever arm 40 to force the engagement claws 36, 38 to
close onto the complementary surfaces on the terminal.
The lever arm 40 advantageously includes a first gripping
surface 52 with a contoured concave profile 48 for a user
to apply a releasing force against the biasing force to
remove the plug member 20 from the terminal. A second
surface 72 includes a concave surface 74, 76 for engag-
ing a user’s finger and forming a grip bump 77.
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Description

Field of the Invention

[0001] This invention relates generally to connectors
and more specifically, to electrical connectors having use
with wearable, portable and/or mobile computers and pe-
ripheral devices.

Background of the Invention

[0002] Wearable, portable and/or mobile computer de-
vices and terminals are used for a wide variety of tasks.
Such portable computers allow a worker using them to
have mobility, while providing them with desirable com-
puting and data-processing functions. Furthermore, var-
ious portable computers provide a communication link to
a larger, more centralized computer system and are be-
ing implemented for an ever-increasing number of worker
and communication tasks.
[0003] One illustrative example of a specific use for a
wearable or portable computer is voice-directed or voice-
assisted work, although the invention will have applica-
bility with a wide variety of uses as will be understood by
a person of ordinary skill in the art. Centralized work man-
agement systems involve a combination of a central com-
puter system for the work management and data man-
agement and storage, a plurality of portable computers
that interface with the central system, and the workers
and other people who use and interface with the portable
computers and central system.
[0004] To provide an interface between the central sys-
tem and the users, the portable computers are worn and
used by the users as they complete their numerous tasks.
In a voice-based system, the portable computers obtain
information directly from the central system and translate
the information into voice or text commands for the users.
Through wireless links, the commands to the users and
responses from the users are communicated between
the system and the portable computers. To communicate
in a voice-based system, for example, the user wears a
headset, which is coupled to their wearable computer.
Through the headset, the users are able to receive voice
instructions, ask questions, report the progress of their
tasks, report working conditions, and provide and capture
other data.
[0005] In addition to headsets, other peripheral devic-
es are often coupled to the portable computers depend-
ing upon the tasks to be performed. For example, bar
code readers, RFID readers, and other scanners may be
utilized alone or in combination with a headset to com-
municate back and forth in the system. Although the ex-
ample of a voice-based system is set forth for illustration,
the invention has applicability beyond voice-based ap-
plications.
[0006] The peripheral devices, such as headsets, are
often attached to a portable computer with a cord. For a
headset, the cord extends generally from the computer

(typically worn on a belt or at the waist area of a user) to
the head of the user where the headset is located. With
other peripheral devices, such as scanners or readers,
the cord may extend from the portable computer at the
waist to the hand of the user. As may be appreciated,
the users are often moving rapidly around their work area
or facility and are in some cases maybe jumping on and
off of equipment, such as forklifts, pallet loaders, and
other equipment. Therefore, there is always a possibility
for a cord to get caught on some object. When this occurs,
the cord will tend to want to separate either from the at-
tachment point with the peripheral device or from the at-
tachment point with the portable computer. Generally,
the cords are permanently attached to the peripheral,
such as a headset, and each user maintains their own
headset (e.g. for individual responsibility and/or hygiene
purposes). The cords are then plugged into the portable
computers. Therefore, the separation will generally occur
at the plug or socket of the portable computer.
[0007] Attempts have been made to appropriately han-
dle a snagged cord and cord separation. However, there
are competing issues that must be addressed. When the
cord plug is strongly secured to the portable computer
socket, a snagged cord may actually pull the socket out
of the computer housing or otherwise damage the socket
and computer. This may render the computer inoperable
and require repair or replacement. However, strengthen-
ing the anchoring point at the socket may lead to the
cords actually pulling away from their attachment to the
peripheral device, thus damaging the peripheral device.
[0008] One example of an attempt to balance and oth-
erwise address these issues is provided in the connector
of U.S. Patent No. 6,910,911, which is owned by the as-
signee of the current application. However, it is still de-
sirable to further improve upon the connector of the ’911
patent. It is also desirable to address separation issues
between devices connected by a cord regardless of what
direction the break-away or puling force is applied to the
cord and with respect to the plug and socket. It is further
desirable to improve the robustness of a connector and
cord arrangement for use in dynamic environments
where the cords may be pulled and stressed on a some-
what regular basis.

Brief Description of the Drawings

[0009] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate embodiments of the invention and, together with
a general description of the invention given below, serve
to explain the principles of the invention.

Figure 1 is an illustration of a portable computer de-
vice and peripheral device coupled with a cord and
connector of the present invention.
Figure 2 is an exploded view of the encircled area 2
of Figure 1, depicting a connector according to an
embodiment of the present invention.
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Figure 3 is a perspective view of the plug member
of the connector of Figure 2.
Figure 3A is a side view of the plug member of the
connector of Figure 2.
Figure 4 is a front view of the plug member of the
connector of Figure 2.
Figure 5 is a cross-sectional view of the connector
taken generally along lines 5A-5A and 5B-5B of Fig-
ure 2, showing the plug member and socket portion
completely uncoupled from one another.
Figure 6 is a cross-sectional view of the connector
of Figure 5, showing the plug member and socket
portion just prior to coupling.
Figure 7 is a cross-sectional view of a tension mem-
ber of Figure 5, showing the plug member and socket
portion coupled together.
Figure 8 is a perspective view of the strain relief of
the connector of Figure 2.
Figure 9 is a side view showing exemplary dimen-
sions of the terminal housing in cross-section and
the engagement claws in elevation.
Figure 10 is a front view showing exemplary dimen-
sions of the of the second engagement claw in ele-
vation.

Detailed Description of the Invention

[0010] Although the invention will be described herein
in relation to certain embodiments, the invention is not
limited to practice in any one specific type of portable or
wearable computer or one specific type of peripheral de-
vice. It is contemplated that the principles of the invention
can be used to connect a variety of electronic devices,
including but not limited to wearable, portable and/or mo-
bile computers and headsets and scanners/readers. The
description of the invention is intended to cover all alter-
natives, modifications, and equivalent arrangements as
may be included within the spirit and scope of the inven-
tion as defined by the appended claims. In particular,
those skilled in the art will recognize that the components
of the invention described herein could be arranged in
multiple different ways.
[0011] Referring to Figure 1, there is shown a wearable
computer 10 which incorporates a break-away connector
12 of the present invention. While described herein with
regard to a wearable computer 10, it will be appreciated
that the exemplary connector 12 is generally applicable
to electronic devices connected together by a wire or
cord. The wearable computer 10 may be worn by a work-
er on a belt 14 or other support and may be connected
to a peripheral device 16, such as a voice headset, by a
cord 18. The cord 18 is connected to the headset 16 and
is coupled to the computer 10 by a break-away connector
12 in accordance with the principles of the invention. The
portable computer 10 and peripheral device 16 permit a
user to communicate with a central computer system, or
other information system and to send and receive infor-
mation regarding the activities performed by the user.

[0012] In certain uses and environments, the cord 18
connecting the two devices 16, 18 may become snagged
or entangled. Therefore, it is desirable to have a connec-
tor 12 which provides a secure electrical connection be-
tween the device 16 and cord 18 and the computer 10,
but which will break away at a specified break-away force
whereby the connector becomes uncoupled from the
computer 10 to prevent permanent damage to the com-
puter 10, the peripheral device 16 or the cord 18.
[0013] While an exemplary embodiment, as illustrated
and disclosed herein, shows a peripheral device as a
voice headset, other peripheral devices 16 may also be
utilized equally with the present invention. For example,
bar code readers, scanners, printers and other peripher-
als which might be coupled to computer 10 through cord
18 will also benefit from the aspects of the present inven-
tion.
[0014] Figure 2 shows detail of the exemplary connec-
tor 12 comprising two elements, a plug member 20 and
a socket portion 22. The plug member 20 and socket
portion 22 are shown uncoupled in Figure 2 for clarity.
Advantageously, plug member 20 may be coupled to
socket portion 22 to provide an electric connection be-
tween a peripheral device 16 and the portable computer
10 via conductive electrical contacts 24, such as conduc-
tive pins, on the plug member 20 and corresponding con-
tacts 26 on the socket portion 22. In the illustrated em-
bodiment, socket portion 22 is illustrated as part of the
housing 98 of computer 10. However, socket portion 22
might take other forms and not be part of the housing but
still operably coupled thereto.
[0015] The computer 10 may have a socket portion 22
for a single connector 12, or may be provided with mul-
tiple socket portions 22 for the coupling of multiple plug
portions 20, as depicted in Figure 2. When multiple con-
nectors 12 are used, the plug member 20 and socket
portions 22 may be provided with keys 28 and corre-
sponding keyways or key slots 30, respectively, to ensure
that the appropriate plug member 20 is coupled to its
respective socket portion 22.
[0016] Figures 3 and 4 illustrate external details of the
plug member 20 of the current embodiment. The plug
member 20 includes a plug housing 32 which is config-
ured to be attached to an end of a cord or cable 18 having
one or more electrical conductors. A strain relief 34 is
provided at one end of the plug housing 32 and also cou-
ples with cord 18. The strain relief 34 helps to retain the
cord 18 with the connector housing 32, and has a gen-
erally elongated conical profile to prevent stress damag-
es to the end of the cord 18 when the cord 18 is bent in
any direction near the plug housing 32. The plug member
20 further includes first and second engagement claws
36, 38 which are used to secure the plug member 20 to
the socket portion 22 in a break-away fashion in accord-
ance with the principles of the present invention. The
claims 36, 38 are positioned at opposite sides or ends of
the force surface or mating surface 60.
[0017] Referring to Figure 3, the first engagement claw
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36 is provided on one part of the plug housing 32 such
as by being formed integrally with the housing 32, for
example. The second engagement claw 38 is provided
on a lever arm 40 which is pivotally mounted by a pin 42
or other axis with the plug housing 32. The second en-
gagement claw 38 is positioned substantially opposite
the first engagement claw 36 on the housing 32. As most
clearly shown in Figure 4, the second engagement claw
38 includes chamfered side edges 114 as discussed be-
low. A biasing member or spring 44 disposed between
the lever arm 40 and the plug housing 32 applies a biasing
force to bias the lever arm 40 in one direction toward a
first position for engaging the socket portion 22 of con-
nector 12 when coupled thereto. The lever arm 40 may
be pivoted in the opposite direction toward a second po-
sition for coupling and uncoupling the plug member 20
and socket portion 22 by pressing down upon the lever
arm 40 to rotate the arm 40 about the pin 42 against the
force of spring 44.
[0018] The lever arm 40 further includes an upper sur-
face 46 that is contoured and includes a generally con-
cave profile portion 48 and a raised rear lever portion 50,
as shown in Figure 3. The concave profile portion 48 and
raised rear lever portion 50 together define a first gripping
surface 52 in the form of a "bowl" that is configured to
receive a user’s thumb. The gripping surface 52 is adapt-
ed to provide a desirable contour for the thumb of a user
as the lever arm 40 is depressed against the biasing
force. In the embodiment illustrated, the gripping surface
52 includes a raised surface feature, such as a plurality
of raised bumps 54, to further improve a user’s grip on
the lever arm 40.
[0019] Figures 5-7 show cross-sectional views illus-
trating additional details of the plug member 20 and sock-
et portion 22 of an exemplary electrical connector 12 of
Figure 2. Individual electrical conductors 56 of the multi-
conductor cord 18 terminate and are separated within
the plug housing 32 to be electrically coupled with re-
spective electrical contacts 24. In the exemplary plug
member 20 shown, the electrical contacts 24 are com-
pressible contacts, such as pogo pin contacts. The con-
tacts 24 protrude through apertures 58 provided in mating
surface 60 of the plug member 20. The contacts 24 have
respective biasing members or springs 62 that bias the
pins 24 in a direction toward the mating surface 60, and
which also permit the contacts 24 to be displaced when
the plug member 20 couples with the socket portion 22.
This insures a robust electrical contact between the plug
member and socket portion.
[0020] Each contact 24 is provided with an insert 64,
such as a solder cup, that is press-fit into a corresponding
cavity 66 provided in the plug housing 32. In the illustrated
embodiment, a plate structure 63 is press fit into housing
32. The plate structure 63 forms the cavities 66 and de-
fines at least part of the mating surface 60. Each spring
62 is contained in the insert and is compressed between
the insert 64 and the respective contact 24 to bias the
contact toward mating surface 60. The insert 64 also elec-

trically couples each conductor 56 of the multi-conductor
cord 18 with a corresponding one of the electrical con-
tacts 24. The insert 64 further operates to seal off the
junction between each conductor 56 and the correspond-
ing contact 24 to prevent moisture from infiltrating around
the contact 24 into the associated cavity 66.
[0021] With continued reference to Figures 5-7, the
plug housing 32 includes a lever cavity 68 adapted to
contain the biasing member 44 and the lever arm 40. A
protrusion 70 is formed into one end of the lever arm 40
to help retain the biasing member 44 in position on the
plug housing 32. When the lever arm 40 is rotated against
the biasing force to a position as shown in Figure 5 so
as to engage or disengage the socket portion 22 with the
plug member 20 , the raised rear lever portion 50 of the
concave profile 48 still projects above the height H of
lever cavity 68 (See Figure 3A). This allows a user to
maintain a good grip on the first gripping surface 52 at
all locations along the lever arm’s 40 rotation.
[0022] The raised lever portion 50 of the gripping sur-
face 52 provides significant advantages to the plug 20 of
the invention. Not only does the raised lever portion 50
create the "bowl" for providing a thumb grip on the plug
portion, but that lever portion 50 also provides a tactile
feel for the user throughout the travel of the lever arm 40
and the engagement and disengagement of the plug.
Even when the lever arm is fully depressed, the thumb
of the user is able to stay engaged with gripping surface
52, such as to pull the plug member 20 away from the
socket portion or to engage the plug member with the
socket portion.
[0023] As illustrated in Figures 3 and 5-7, the plug
member 20 also includes a second gripping surface 72
generally opposite the lever arm 40 and first gripping sur-
face 52. In the embodiment illustrated, the second grip-
ping surface 72 has a contoured profile including a con-
cave surface 74 formed in the plug housing 32 and an-
other concave surface 76 formed in the strain relief 34.
The concave surfaces 74, 76 cooperate to form a grip
"bump" 77. The concave surfaces 74, 76 and grip bump
77 are adapted to engage a user’s fingers comfortably
as the user’s thumb presses on the first gripping surface
52. This keeps the user’s hand in the most efficient po-
sition to depress lever arm 40 and disengage or engage
the plug member 20 with socket portion 22, thereby mak-
ing the connector more ergonomic.
[0024] The ergonomic design encourages manual ac-
tuation of the lever arm 40 for removing or unplugging
the plug member 20 instead of breaking the connection
between the plug member 20 and the socket portion 22
with a break-away force on the cord 18. The second grip-
ping surface 72 may also include raised bumps 54 like
the first gripping surface 52 to increase the grip friction
and ensure a proper grip. Although the illustrated em-
bodiment shows the strain relief 34 and housing 32 form-
ing the grip bump 77, the grip bump 77 might also be
completely formed on the housing.
[0025] The unique combination of the lever arm 40 de-
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fining the first gripping surface 52 and the opposing sec-
ond gripping surface 72 provides an additional benefit in
the invention when the plug member 20 is disengaged
or unplugged from the socket portion 22. Particularly, the
opposing bowl formed in the lever arm and grip bump 77
formed in the second gripping surface 72 creates a rear-
ward force upon the plug member when the lever arm 40
is depressed. Referring to Figure 3A, squeezing plug
member 20 to deflect lever arm 40 to the second portion
provides a force at the concave portion 48 and raised
rear lever portion 50 and also at concave surface 74 and
grip bump 77 thus creating a rearward force in the direc-
tion of arrow 75 in Figure 3A to direct the plug member
20 away from socket portion 22. This further facilitates a
more efficient removal or unplugging of the plug member
20. To further facilitate an efficient grip of the plug mem-
ber 20, the plug housing 32 also includes ridges 33
formed therein, as seen in Figure 3A.
[0026] With continued reference to Figures 5-7 as well
as Figure 8, details of the strain relief 34 are provided.
The cord 18 of the peripheral device 16 includes at least
one outer insulation layer 78 surrounding and containing
the individual conductors 56 and at least one tension
member 80. The tension member 80, which might be a
Kevlar tension member, for example, is configured to ab-
sorb tension placed on the cable or cord 18 in order to
protect the conductors 56.
[0027] In accordance with one aspect of the invention,
the tension member 80 is incorporated into the plug mem-
ber so that significant tension on the cord 18 at the plug
member is transferred to the tension member 80. In par-
ticular, the tension member 80 is secured with the plug
member, and particularly with an element of the plug
member at the end where the cord 18 terminates into the
plug member 20. In one embodiment of the invention, an
end of the tension member 80 is drawn out of the terminal
end of cord 18, and out of an end of the insulation layer
78, and is secured to that terminal end. Furthermore, the
tension member 80 is biased when it is connected with
the plug member in order to ensure that the tension mem-
ber is properly tensioned and will absorb the tension forc-
es on cord 18. To that end, the tension member 80 is
exposed with the individual conductors when terminating
the cord.
[0028] Referring to Figure 8, one end of the cord 18 is
stripped of the insulation layer 78 in order to make the
previously discussed connections between the individual
conductors 56 and the electrical contacts 24 in the plug
member 20. The insulation layer 78 may actually be one
or more layers, and layer 78 is discussed as the outer-
most layer. The insulation layer(s) of cord 18 are stripped
at the terminal end of cord 18 to expose the conductors
56 and tension member 80. A tensioning element, such
as a coil spring 84 for example, may be positioned to
engage the end 82 of the cord so that the conductors 56
and tension member 80 pass therethrough as seen in
Figure 8. The exposed end 86 of the tension member 80
extends through the coil spring 84 and is then reversed

and pulled back along the cord 18, partially compressing
the coil spring 84 and tensioning the tension member 80.
The pre-tensioned tension member 80 is then secured
to the end 82 of the cord 18 so that a pre-mold portion
90 of plug member 20 may be molded onto end 82 to
further secure the cord in the plug member. A securing
element 88 secures the end of the tension member. In
the illustrated embodiment as show in Figure 8, a crimp-
ing member such as a ring 88 is rigidly coupled around
the cord 18, and over the exposed pre-tensioned section
of the tension member 80. Preferably, prior to crimping
to the ring 88 or otherwise securing the end of tension
member 80 to cord end 82, the spring 84 is compressed
to maintain the tension on the tension member 80. The
pre-mold portion 90 is then molded over the end of the
tension member, over the coil spring 84, over crimping
member 88, and over cord 18 as illustrated in Figures
5-7. The tension maintained by the compressed coil
spring 84 and crimping member 88 on the tension mem-
ber 80 ensures that the tension member 80 is the first
member within the cord 18 to experience tension forces
when the cord 18 is stretched or pulled or catches on an
external structure. Thus, the likelihood of damage to the
individual conductors 56 is reduced significantly by the
plug member of the invention.
[0029] Connector 12 incorporates a strain relief ele-
ment 34, as noted above. In the illustrated embodiment,
the strain relief is over molded onto cord 18 at the back
end of the plug housing, as illustrated in Figure 5-7. Spe-
cifically, the strain relief portion 34 has a flange section
35 that extends into the back end of the housing 32 to
engage both the housing as well as a rear portion 91 of
the pre-mold portion 90. In that way, the strain relief 34
is secured as part of the plug member 20. In the illustrated
embodiment, the strain relief is generally conical, as it
tapers back to the cord 18. As discussed above, in the
illustrated embodiment, the strain relief portion 34 forms
part of the grip bump 77 to make up a section of the
second gripping surface 72. The strain relief portion 34
also closes the end of lever cavity 68 to contain the lever
arm 40 at its rearward edge (Figures 5-7). As illustrated
in Figure 3, strain relief portion 34 includes a plurality of
slots 37 to allow bending in various directions when cord
18 is bent with respect to plug member 20.
[0030] The first and second engagement claws 36, 38
have angled surfaces 92, 94, 114, which facilitate cou-
pling and uncoupling the plug member 20 with the socket
portion 22.
[0031] In accordance with one aspect of the invention,
the plug member 20 incorporates angled surfaces both
along a following edge of the engagement claw 38 and
the side edges of the claw 38 as well. For example, re-
ferring to Figures 9 and 10, the engagement claw portion
38 of lever arm 40 includes angled surface 94 along the
following edge of the claw, and includes angled surfaces
114 on either side. The cooperating edges provide a sig-
nificant advantage in the break-away of the plug member
20 from the socket portion 22 in usage. As discussed
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further hereinbelow, the combination of angle surface 94
and the side angled surfaces 114 facilitate the ability of
the plug member 20 to properly break away when a force
is applied generally along the axis 79 of the cord, as il-
lustrated in Figures 5-7, or when a force is applied from
the side of the plug member angled from axis 79, such
as shown by arrow 81 in Figure 3. In use, the inventors
have found that significant break-away forces are often
not applied to the cord 18 and plug member 20 cleanly
along the axis 79 of the cord. Often, such forces are ap-
plied at an angle to the plug and cord axis 79. Further-
more, users of plugs along the lines of the invention will
often apply a force to the side of the plug member in order
to break it away from the socket portion or "snap" the
plug member from the socket portion. As discussed be-
low, the side surfaces 114 are then positioned to engage
and ride up the angled surface 112, which is provided by
the socket portion 22 of the inventive connector.
[0032] The second engagement claw 38 on lever arm
40 has a leading edge 96 which is angled to facilitate
coupling the plug member 20 with the socket portion 22.
Contact between a leading edge angled surface 96 of
the claw 38 and an angled surface 109 on an engagement
lip 108 on the socket portion 22 urges lever arm 40 from
its downward most position or a first position toward the
upward or second position, against the opposing bias
force created on lever arm 40 by spring 44. The angled
surfaces 92, 94, 114 permit the plug member 20 to be-
come uncoupled from the socket portion 22 in a desired
"break-away" fashion when a specified force is applied
to the plug member 20, as will be described more fully
below.
[0033] With continued reference to Figures 5-7, the
socket portion 22 of the electrical connector 12 is shown
as part of a device housing 98 to secure the socket por-
tion. As may be appreciated, the device housing 98 might
contain the electronics of a personal computer or some
other electronic device that operably interfaces with a
peripheral device coupled to cord 18 and plug member
20 in a connected fashion. The housing 98 may be con-
nected to, or formed integrally with the housing of such
a device. One or more conductors 100 might be routed
to the socket portion 22 to be attached to electrical con-
tacts 26 that are configured to mate with corresponding
electrical contacts 24 of the plug member 20. Alterna-
tively, a flex circuit 101 might be coupled to the contacts
26 and connected to other device circuitry (not shown).
Therefore, the contacts 26 are arranged generally in the
same fashion as the contacts 24 as seen in Figure 2. In
the exemplary electrical connector 12 shown, the termi-
nal contacts 26 have flat ends which protrude just above,
but generally flush with, a mating surface 102 of the sock-
et portion 22 (as opposed to the upraised pins 24), which
is configured to interface with the mating surface 60 of
the plug member 20.
[0034] As shown in Figures 6 and 7, the contacts 26
are configured to mate with the contacts 24 of the plug
member 20 when the plug member 20 is coupled to the

socket portion 22. An O-ring 104 might be positioned
inside the housing 98 to seal the interior of the housing
98 to protect the conductor-contact interface against
moisture infiltration. While the contacts 24, 26 shown in
the exemplary embodiment are pogo pins and flat con-
tacts configured to mate with the pogo pins, it will be
understood that the contacts 24, 26 may be of various
other configurations as are known in the art for electrical
connectors.
[0035] As shown in Figures 5-7 and 9, the housing 98
further includes first and second engagement lips 106,
108 which are configured to mate with the first and sec-
ond engagement claws 36, 38 of the plug member 20
when the plug member 20 is coupled to the socket portion
22. The first and second engagement lips 106, 108 have
angled surfaces 110, 112, 109. The angled surfaces 110,
112 correspond to the angled surfaces 92, 94 of the first
and second engagement claws 36, 38, respectively. The
contact between the first and second engagement claws
36, 38 and first and second engagement lips 106, 108
retains the plug member 20 in or on the socket portion
22, as shown in Figure 7. When the plug member 20 and
the socket portion 22 are coupled together, the mating
surfaces 60, 102 of the plug member 20 and socket por-
tion 22 interface with one another such that the contacts
24 on the plug member 20 and the contacts 26 on the
socket portion 22 are in full contact.
[0036] Referring to Figures 6 and 9, a forward angled
surface 109 of engagement lip 108 facilities coupling of
the plug member with the socket portion. As the plug
member is pushed toward the socket portion, angled sur-
face 96 of the engagement claw 38 is directed against
angled surface 109. Based upon the force of the plug
member, the angled surface 96 rides up the angled sur-
face 109 thus flexing the lever arm against the bias of
biasing member 44. When the lever arm has been de-
flected sufficiently, the engagement claw 38 slides over
lip 108 such that the rear angled surface 94 on engage-
ment claw 38 engages the angled surface 112 of lip 108.
[0037] Advantageously, the angled surfaces 92, 94,
110, 112, 114 on the first and second engagement claws
36, 38 and on the corresponding first and second en-
gagement lips 106, 108 act in cooperation with the bias-
ing member 44 on the plug member 20 to allow the plug
member 20 to appropriately break away from the socket
portion 22 when force of a specific magnitude is applied
to the plug member 20. This force may be applied to the
plug member 20 through the cord 18 connected to the
plug housing 32, such as when the cord 18 becomes
snagged on an object or machine, or might be applied
directly to the housing 32 of the plug member. Accord-
ingly, the angled surfaces 92, 94, 110, 112, 114 on the
first and second engagement claws 36, 38 and the first
and second engagement lips 106, 108 may be selected,
in conjunction with a given biasing force, such as a spring
constant or spring biasing member 44 to permit the plug
member 20 to break away from the socket portion 22 at
a predetermined break-away force. As noted earlier, the
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second engagement claw 38 includes chamfered side
edges that form angled surfaces 114 at the sides of the
angled surface 94, which allows the same break-away
force to be applied to the plug member 20 in any direction,
such as normal to the mating surface 60 (arrow 75 of
Figures 3-4), tangential to the mating surface 60 (arrow
81 of Figures 3-4), or generally any angular direction ther-
ebetween. In other words, the angled surfaces 114 of the
chamfered side edges and the angled surface 94 are
configured to begin sliding along angled surface 112 of
the second engagement lip 108 at a certain break-away
force, regardless of the specific direction of the break-
away force.
[0038] This provides a significant advantage to the
present invention. For example, the angled side surfaces
114 in combination with surface 94 allow the plug to be
pulled in any particular direction to facilitate a clean break
away of the plug member 20 from the socket portion 22.
[0039] When the force applied to plug member 20
reaches the predetermined break-away force value, le-
ver arm 40 is caused to rotate or deflect about pin 42
from the first position (Figure 7) toward the second posi-
tion (Figures 5 and 6), whereby plug member 20 may
become uncoupled from socket portion 22.
[0040] Advantageously, the break-away force may be
specified such that the plug member 20 will remain cou-
pled to the socket portion 22 during normal operation of
the computer 10. The plug member 20 then uncouples
from the socket portion 22 when the force applied to the
plug member 20 directly or through the cord 18 reaches
the specified break-away force to thereby prevent dam-
age to the electrical connector 12, or to prevent hindering
the user of device 10. For example, the orientation of the
angled surfaces 92, 94, 110, 112, 114 and the spring
constant of bias spring 44 may be selected such that the
break-away force is approximately equal to a force at
which cord 18 has been rated to operate without sustain-
ing damage, multiplied by a design factor.
[0041] Generally, the maximum rated load or force for
which the cord 18 may operate without failing is specified
by the manufacturer of the cord. A derating factor gen-
erally has a value less than 1 and is applied to the rated
force to account for variations in material properties, the
number of loadings which may be experienced by the
cord, aging of the cord, and other considerations which
add uncertainty to the determination of a precise load
rating for the cord. In an exemplary embodiment, cord
18 may fail at about 100 pounds (45.36 kg) and the de-
rating factor is selected to range from about 0.04 to about
0.08, whereby the desired break-away force is about 5
pounds. The break-away force may be at least 4% - 5%
of the rated failure load of the cord.
[0042] With reference to Figures 9 and 10 in an exem-
plary embodiment, the first engagement claw 36 has an
angled surface 92 oriented approximately 46° from the
plane of the mating surface 60 of the plug member 20
that corresponds to surface 110 at a similar angle to the
plane of the mating surface (Figure 9). The second en-

gagement claw 38 has an angled surface 94 oriented
approximately 25° from the plane of the mating surface
60 of the plug member 20 when the lever arm 40 is in
the first position, as depicted by phantom lines in Figure
9. Surface 94 corresponds to surface 112 at a similar
angle to the plane of the mating surface (Figure 9). In the
exemplary embodiment, the 25° angle of the surface 94
of second engagement claw 38 corresponds to an angle
of approximately 122° from a surface which is parallel to
a longitudinal axis of lever arm 40, as shown in Figure 9.
The socket portion 22 of the exemplary embodiment has
first and second engagement lips 106, 108 with angled
surfaces 110, 112 oriented at approximately 46° and 25°,
respectively, from the plane of the mating surface 102 of
the socket portion 22. Surface 109 on the leading edge
of lip 108 is oriented at an angle of approximately 45°
from the plane of face surface 102 shown in Figure 9.
When the spring constant of the spring 44 is 79.5 lb/in.,
the break-away force of the exemplary electrical connec-
tor 12 is in the range of approximately 8 to 12 pounds or
more specifically 4 to 6 pounds. Of course, other selected
break-away force ranges may be used, such as by var-
ying the biasing force or spring force of biasing member
44 or the angles of the respective angled surfaces 92,
94, 110, 112 on the engagement claws 36, 38 and lips
106, 108. Generally, the break-away force may range
from about 3 pounds to about 15 pounds (1.361 to 6.804
kg) without departing from the spirit and scope of the
invention. In the exemplary embodiment, leading edge
angled surface 96 is angled approximately 118° from the
plane of the angled surface 94 of second engagement
claw 38, as depicted in Figure 9. Referring to Figure 10,
the chamfered side edges provide surfaces 114 that are
angled at approximately 28° from a side edge plane of
the second engagement claw 38.
[0043] The plug housing 32, housing 98, lever arm 40
and strain relief may be formed from polymeric material.
In an exemplary embodiment, the plug housing 32, hous-
ing 98, and lever arm 40 are formed from Xenoy 5220u,
a thermoplastic resin available from SABIC, Seven Hills,
Ohio. This polymer has good low temperature character-
istics useful when the connector 12 is exposed to low
temperatures. The strain relief in an exemplary embod-
iment is formed of polyurethane resin (BFG Estane
58881).
[0044] With reference to Figures 5-7, coupling of the
plug member 20 with the socket portion 22 will be de-
scribed. In use, the connector 12 of the present invention
may be used to couple a peripheral device 16, such as
a headset, to a portable computer 10 or other device. A
user depresses lever arm 40 at the gripping surface 52
to pivot or deflect the arm 40 toward the second position
and brings the first engagement claw 36 on the plug mem-
ber 20 into engagement with the first engagement lip 106
on the socket portion 22 (Figures 5 and 6). The corre-
sponding keys 28 and keyways 30 will ensure that the
proper plug member 20 is coupled with the proper socket
portion 22. The user then urges the second engagement
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claw 38 into engagement with second engagement lip
108, whereby the angled surface 96 of the second en-
gagement claw 38 facilitates engagement of the claw 38
with second engagement lip 108 (Figure 6). Mating sur-
faces 60, 102 are brought into substantially abutting re-
lation and contacts 24, 26 are in full contact with one
another. The plug member 20 and socket portion 22 are
fully coupled and the user may then release lever arm
40 (Figure 7). Advantageously, the connector 12 securely
couples peripheral 16 to computer 10 during normal ac-
tivities of the worker. However, if cord 18 should become
snagged on an object or the plug member 20 is pushed
on or pulled, the plug member 20 will become uncoupled
from socket portion 22 when the force applied to plug
member 20 either directly or through cord 18 reaches the
specific break-away force. This thereby prevents dam-
age to computer 10, connector 12 or cord 18 while allow-
ing a clean break-away for the user. The connector 12
may then be easily coupled or re-secured with the com-
puter 10 for further use.
[0045] While the present invention has been illustrated
by the description of the embodiments thereof, and while
the embodiments have been described in considerable
detail, it is not the intention of the applicant to restrict or
in any way limit the scope of the appended claims to such
detail. Additional advantages and modifications will read-
ily appear to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific
details representative apparatus and method, and illus-
trative examples shown and described. Accordingly, de-
partures may be made from such details without depar-
ture from the spirit or scope of applicant’s general inven-
tive concept.
[0046] Embodiments of the invention can be described
with reference to the following numbered clauses, with
preferred features laid out in the dependent clauses:

1. A connector comprising:

a plug member and a socket portion configured
for mating with the plug member;
the plug member including a first engagement
claw having a first angled surface positioned to
engage a first complementary angled surface of
the socket portion;
a lever arm pivotally mounted on the plug mem-
ber and movable between a first position for cou-
pling the plug member to the socket portion and
a second position for uncoupling the plug mem-
ber from the socket portion, the lever arm includ-
ing a second engagement claw having a second
angled surface configured to engage a second
complementary angled surface of the socket
portion when said lever arm is in said first posi-
tion;
the lever arm including a first gripping surface
having a concave profile portion and raised rear
lever portion, the first gripping surface creating

a force to direct the plug member away from the
socket portion when the lever arm is moved to
second position;
a biasing member disposed between said plug
member and said lever arm for biasing said lever
arm toward said first position with a biasing
force,
the plug portion being adapted to uncouple from
the socket portion when a break-away force is
applied to the plug member to cause said sec-
ond angled surface to slide over the second
complementary angled surface of the terminal
connector portion by overcoming the biasing
force.

2. The connector of clause 1, wherein the plug mem-
ber includes a second gripping surface generally op-
posite the first gripping surface, the second gripping
surface including at least one concave surface for
engaging a user’s fingers when the lever arm is man-
ually actuated.
3. The connector of clause 2 wherein the second
gripping surface includes multiple concave surfaces
for engaging a user’s fingers when the lever arm is
manually actuated.
4. The connector of clause 2, wherein at least one
of the said first gripping surface and said second
gripping surface include raised bumps configured to
improve a user’s grip on the connector.
5. The connector of clause 1 wherein the plug mem-
ber includes a plug housing with a cavity to contain
the lever, the raised rear lever portion being config-
ured to project beyond said cavity in said plug hous-
ing when said lever arm is in the second position.
6. The connector of clause 1, wherein said second
engagement claw includes chamfered side edges
with angled surfaces that are configured to allow said
second angled surface to slide over the second com-
plementary angled surface of the terminal connector
portion when the break-away force is applied to the
connector.
7. The connector of clause 1, wherein said connector
is configured to uncouple from the terminal connec-
tor portion when a magnitude of the break-away
force is at least 4% - 5% of the rated failure load of
the cord coupled to the peripheral device.
8. The connector of clause 1, wherein said connector
is configured to uncouple from the terminal connec-
tor portion when a magnitude of the break-away
force is between about 3 pounds and about 15
pounds.
9. A connector comprising:

a plug member and a socket portion configured
for mating with the plug member;
the plug member including a first engagement
claw having a first angled surface positioned to
engage a first complementary angled surface of
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the terminal connector portion;
a lever arm pivotally mounted on the plug mem-
ber and movable between a first position for cou-
pling the plug member to the socket portion and
a second position for uncoupling the plug mem-
ber from the socket portion, the lever arm includ-
ing a second engagement claw having a second
angled surface configured to engage a second
complementary angled surface of the socket
portion when said lever arm is in said first posi-
tion;
the lever arm also including a chamfered side
edge that forms at least one angled surface at
a side of the second angled surface;
a biasing member disposed between said plug
member and said lever arm for biasing said lever
arm toward said first position with a biasing
force;
the plug portion being adapted to uncouple from
the socket portion when a break-away force is
applied to the plug member to cause said sec-
ond angled surface, an angled surface of the
chamfered side edge, or a combination of those
angled surfaces to slide over the second com-
plementary angled surface of the terminal con-
nector portion by overcoming the biasing force.

10. The connector of clause 9, wherein said connec-
tor is configured to uncouple from the terminal con-
nector portion when a magnitude of the break-away
force is at least 4% - 5% of a rated failure load of the
cord coupled to the peripheral device.
11. The connector of clause 9, wherein said connec-
tor is configured to uncouple from the terminal con-
nector portion when a magnitude of the break-away
force is between about 3 pounds and about 15
pounds.
12. The connector of clause 9, wherein the angled
surface of the chamfered side edge is angled ap-
proximately 28° from said second angled surface.
13. The connector of clause 9 further comprising
chamfered side edges on both sides of the second
angled surface to form angled surfaces at the sides
of the second angled surface.
14. A cable assembly comprising:

a cord having at least one electrical conductor
extending in an insulation layer having an end;
a tension member extending in the insulation
layer generally alongside of the conductor;
an end of the tension member extending out of
the end of the insulation layer and extending
along an external surface of the insulation mem-
ber;
a securing element to couple the end of the ten-
sion member with the insulation layer to maintain
pre-tension on the tension member;
a plug member secured at the end of the cord,

a portion of the plug member being molded over
the end of the tension member and the securing
element.

15. The cable assembly of clause 14 wherein the
tension member is a Kevlar strand.
16. The cable assembly of clause 14 further com-
prising a tensioning element, the end of the tension
member engaging the tensioning element to create
a pre-tension force on the tension element, the por-
tion of the plug member being molded over the ten-
sioning element and the end of the tension member.
17. The cable assembly of clause 16 wherein the
tensioning element is a coil spring, the end of the
tension member engaging the coil spring to com-
press the spring for creating the pre-tension force.
18. The cable assembly of clause 14 wherein the
securing element includes a crimping member con-
figured to be crimped around the end of the tension
member and the insulation layer to maintain pre-ten-
sion on the tension member.

Claims

1. A connector comprising a plug member (20) and a
socket portion (22) configured for mating with the
plug member (20), the plug member (20) including
a first engagement claw (36) having a first angled
surface (92) positioned to engage a first complemen-
tary angled surface (110) of the socket portion (22),
a lever arm (40) pivotally mounted on the plug mem-
ber (20) and movable between a first position for
coupling the plug member (20) to the socket portion
(22) and a second position for uncoupling the plug
member (20) from the socket portion (22), the lever
arm (40) including a second engagement claw (38)
having a second angled surface (94) configured to
engage a second complementary angled surface
(112) of the socket portion (22) when said lever arm
(40) is in said first position, the lever arm (40) also
including a chamfered side edge that forms at least
one angled surface (114) at a side of the second
angled surface (94), a biasing member disposed be-
tween said plug member (20) and said lever arm (40)
for biasing said lever arm (40) toward said first po-
sition with a biasing force, the plug member (20) be-
ing adapted to uncouple from the socket portion (22)
when a break-away force is applied to the plug mem-
ber (20) to cause said second angled surface (94),
an angled surface (114) of the chamfered side edge,
or a combination of those angled surfaces to slide
over the second complementary angled surface
(112) of the socket portion (22) by overcoming the
biasing force.

2. The connector of claim 1, wherein the angled surface
(114) of the chamfered side edge is angled approx-
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imately 28° from said second angled surface (94).

3. The connector of either claim 1 or claim 2 further
comprising chamfered side edges on both sides of
the second angled surface (94) to form angled sur-
faces (114) at the sides of the second angled surface
(94).

4. The connector of either claim 1 or claim 2, wherein
said second engagement claw includes two cham-
fered side edges forming angled surfaces (114) that
are configured to allow said second angled surface
(94) to slide over the second complementary angled
surface (112) of the socket portion (22) when the
break-away force is applied to the connector.

5. The connector of any preceding claim wherein the
lever arm (40) includes a first gripping surface (52)
having a concave profile portion (48) and raised rear
lever portion (50), the first gripping surface (52) cre-
ating a force to direct the plug member (20) away
from the socket portion (22) when the lever arm (40)
is moved to second position.

6. The connector of claim 5, wherein said first gripping
surface (52) includes raised bumps configured to im-
prove a user’s grip on the connector.

7. The connector of either claim 5 or claim 6 wherein
the plug member (20) includes a plug housing (32)
with a cavity to contain the lever (40), the raised rear
lever portion (50) being configured to project beyond
said cavity in said plug housing (32) when said lever
arm (40) is in the second position.

8. The connector of any preceding claim, wherein said
plug member (20) is configured to uncouple from the
socket portion (22) when a magnitude of the break-
away force is between 3 pounds and 15 pounds
(1.361 and 6.804 kg).

9. A cable assembly including a cord (18) and the con-
nector of any preceding claim, the plug member (20)
secured at an end of the cord.

10. The cable assembly of claim 9, wherein said plug
member (20) is configured to uncouple from the
socket portion (22) when a magnitude of the break-
away force is at least 4% - 5% of the rated failure
load of the cord (18).

11. The cable assembly of either claim 9 or claim 10
wherein the cord (18) has at least one electrical con-
ductor (56) extending in an insulation layer (78) hav-
ing an end, and wherein the cable assembly further
comprises a tension member (80) extending in the
insulation layer (78) generally alongside of the con-
ductor (56), an end of the tension member (80) ex-

tending out of the end of the insulation layer (78) and
extending along an external surface of the insulation
member (78), a securing element (88) to couple the
end of the tension member (80) with the insulation
layer (78) to maintain pre-tension on the tension
member (80), a portion of the plug member (20) be-
ing molded over the end of the tension member (80)
and the securing element (88).

12. The cable assembly of claim 11 wherein the tension
member (80) is a Kevlar strand.

13. The cable assembly of either claim 11 or claim 12
further comprising a tensioning element (84), the end
of the tension member (80) engaging the tensioning
element (84) to create a pre-tension force on the
tension element (84), the portion of the plug member
(20) being molded over the tensioning element (84)
and the end of the tension member (80).

14. The cable assembly of claim 13 wherein the tension-
ing element is a coil spring (84), the end of the tension
member (80) engaging the coil spring (84) to com-
press the spring (84) for creating the pre-tension
force.

15. The cable assembly of any one of claims 11 to 14
wherein the securing element includes a crimping
member (88) configured to be crimped around the
end of the tension member (80) and the insulation
layer (78) to maintain pre-tension on the tension
member (80).
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