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(57) Abstract: An electrical connector including a housing, electrical contacts and a connector position assurance (CPA) member.

& The housing has deflectable cantilevered mating connector latch arms. The latch arms are movable between a latched position and
& an unlatched position. The CPA member is movably mounted to the housing between an open position and a closed position. The
CPA member includes a first section and a deflectable second section. The second section includes a cam surface for contacting a
housing of the mating electrical connector and being deflected as the CPA member is moved from the open position to the closed
position and an interference portion adapted to contact the latch arms when the latch arms are not in their latched position such that
g the CPA member is blocked from reaching the closed position unless the latch arms are in their latched positions.
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Electrical Connector Having Connector Position
Assurance Member

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to electrical connectors
and, more particularly, to an electrical connector having

a connector position assurance (CPA) member.
2. Brief Description of Prior Developments

Electrical connectors for use with vehicle air bag gas
generators are generally well known in the art. U.s.
Patent No. 6,364,683 discloses an electrical connector
for a gas generator which includes a locking device that
can move a shorting clip off of electrical connection
with electrical contacts in a mating electrical

connector.

There is a desire to make vehicle air bag gas generator
electrical connectors very small such that they can be
used in areas of limited space, such as in a seat belt,
and that are lightweight for vehicle fuel economy
reasons. However, 1in making such electrical connector
smaller, it is difficult to determine if the electrical
connector is properly installed in a mating connector.
In the past, tactile feel and audible sounds during
connection of the two connectors could be used as an
indicator for the installer that a proper connection was
made. However, with smaller size electrical connectors,
there is not enough tactile feel or audible sound during
connection to be a dependable source of good connection

indication. Thus, there is a need for a dependable
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system for small electrical «connectors to indicate
connection to a mating connector which does not depend

upon an audible or tactile signal to the user.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention,
an electrical connector is provided including a housing,
electrical contacts and a connector position assurance
(CPA) member. The housing has deflectable cantilevered
mating connector latch arms. The latch arms are movable
between a latched position and an unlatched position.
The CPA member is movably mounted to the housing between
an open position and a closed position. The CPA member
includes a first section and a deflectable second
section. The second section includes a cam surface for
contacting a housing of the mating electrical connector
and being deflected as the CPA member is moved from the
open position to the closed position and an interference
portion adapted to contact the latch arms when the latch
arms are not in their latched position such that the CPA
member 1is Dblocked from reaching the c¢losed position

unless the latch arms are in their latched positions.

In accordance with another aspect of the present
invention, a wvehicle air bag gas generator electrical
connector is provided comprising a housing having
deflectable latch arms, electrical contacts connected to
the housing, and a connector position assurance (CPA)
member movably mounted to the housing between an open
position and a closed ©position. The CPA member
comprising a first section adapted to move a shorting
clip of a mating electrical connector and second

sections. The second sections each have a cam surface
2
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for contacting a housing of the mating electrical
connector and being deflected thereby as the CPA member
is moved from the open position to the closed position,
and an interference portion adapted to contact the latch
arms if the latch arms are not in a latched position and
thereby block deflection of the second sections to
prevent the CPA member from being moved to the closed
position unless the latch arms are in their latched

positions.

In accordance with one method of the present invention, a
method of assuring a position of an electrical connector
in a mating connector is provided comprising steps of
inserting a portion of the electrical connector into the
mating connector; moving a connector position assurance
(CPA) member from an open position on a housing of the
electrical connector towards a closed position;
deflecting a section of the CPA member by contact of the
section with a housing of the mating connector as the CPA
member is moved from the open position towards the closed
position; and preventing the CPA member from reaching the
closed position unless a latch on the housing of the
electrical connector is located at a latched position.
The step of preventing comprising the latch being located
behind the section of the CPA member when the latch is
not in its latched position to at least partially block
deflection of the section by the housing of the mating

connector.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and other features of the present

invention are explained in the following description,
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taken in connection with the accompanying drawings,

wherein:

Fig. 1 is a perspective view of an electrical connector
incorporating features of the present invention having a

CPA member located in an open position;

Fig. 2 1s a cross sectional wview of the electrical

connector shown in Fig. 1;

Fig. 3 1s a cross sectional view of the electrical

connector shown in Fig. 2 taken along line 3-3;

Fig. 4. is a cross sectional view of the connector shown

in Fig. 2 taken along line 4-4;

Fig. 5 is a perspective view of the electrical connector
as shown in Fig. 1 with the CPA member located in its

closed position;

Fig. 6 1is a cross sectional wview of the -electrical

connector shown in Fig. 5;

Fig. 7 1s a cross sectional view of the electrical

connector shown in Fig. 6 taken along line 7-7;

Fig. 8 1is a partial schematic view of some of the
components of the electrical connector shown in Fig. 1

when being inserted into the mating electrical connector;

Fig. 9 is a partial schematic view as in Fig. 8 showing
the CPA member partially moved from 1its open position

towards its closed position;

Fig. 10 is a partial cross sectional view of one of the
rails of the electrical connector shown in Fig. 1 and a

shorting «clip and contact of a mating electrical

4
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connector with the rail of the CPA member located in its

open position;

Fig. 11 is a partial cross sectional view as in Fig. 10
with the rail of the CPA member located in its closed

position;

Fig. 12 is an exploded perspective view of an alternate

embodiment of the present invention;

Fig. 13 is an enlarged partial cross sectional view of

the housing and CPA member shown in Fig. 12;

Fig. 14 1is a perspective view of another alternate

embodiment of the present invention;

Fig. 15 is a perspective view of the CPA member of the
connector shown in Fig. 14 and a shorting clip that

contacts pins of a mating electrical connector;

Fig. 16 1is a partial cross sectional view of the
electrical connector shown in Fig. 14 with the CPA member
in an open position and the electrical connector not

fully inserted into the mating electrical connector;

Fig. 17 is a partial cross sectional view as in Fig. 16
with the electrical connector fully inserted into the
mating electrical connector, but the CPA member still

located in an open position; and

Fig. 18 is a partial cross sectional view as in Figs. 16
and 17 with the electrical connector fully inserted into
the mating electrical connector and the CPA member moved

to its closed position.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Fig. 1, there is shown a perspective view of
an electrical connector 10 incorporating features of the
present invention. Although the present invention will
be described with reference to the exemplary embodiments
shown 1in the drawings, it should be understood that the
present invention can be embodied in many alternate forms
of embodiments. In addition, any suitable size, shape or

type of elements or materials could be used.

Referring also to Figs. 2-4, the electrical connector 10

generally comprises a housing 12, electrical contacts 14

(see Fig. 4), and a connector position assurance (CPA)
member 16. The housing 12 generally comprises a main
housing member 18 and a cover 20. The cover 20 is

preferably snap lock mounted to the main housing member
18. In the embodiment shown the electrical connector 10
is a vehicle air bag gas generator electrical connector
which is adapted to be attached to a mating electrical
connector of a gas generator. The main housing member 18
comprises an end 22 which 1is sized and shaped to be
removably inserted into a receiving area of /the gas
generator mating electrical connector. However, in
alternate embodiments, features of the present invention
could be wused in any suitable type of electrical

connector.

The housing 12 generally comprises the first section 24

and the second section 26. The first section 24
comprises contact receiving areas 28 (see Fig. 4), latch
arms 30, and a detent and retaining section 32. The

second section 26 is sized and shaped to receive ends of

conductors, such as electrical wires (not shown) therein
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which are connected to the electrical contacts 14 inside
the second section 26. In the embodiment shown, the
second section 26 1is located at a right angle to the
first section 24. However, 1in an alternate embodiment,
the electrical connector 10 might not be a right angle

connector.

The main housing member 18 1is preferably provided as a
one-piece member and is preferably comprised of a molded
plastic or polymer material. The latch arms 30 are
located on two opposite lateral sides of the first
section 24. The latch arms 30 extend upward and outward
from the front end 22 in a general cantilever fashion.
Each latch arm 30 comprises a latch 34 and the finger
contact section 36. A user can depress the latch arms 30
in inward directions to move the latches 34. The latch
arms 30 can preferably resiliently snap lock mount with
the mating electrical connector when the end 22 is
inserted into the socket receiving area of the mating

electrical connector.

The detent and retaining section 32 generally comprises a

latch 38, a detent receiving area 40 having a detent

protrusion 42, and retaining protrusions 44 Thaving
retaining surfaces 46. The latch 38 1is snap lock
attached to the cover 20. The detent receiving area 40

is sized and shaped to receive a portion of the CPA
member therein. The detent protrusion 42 extends in an
inward direction into the detent receiving area 40. The
protrusion 42 comprises sloped top and bottom surfaces.
The detent and retaining section 32 comprises two of the
retaining protrusions 44, one on each side of the first
section 24. The retaining protrusions 44 extend in

reward directions.
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The CPA member 16 1is preferably a one-piece member
comprised . of a molded plastic or polymer material. The
CPA member 16 1is movably mounted to the housing 12
between an open position as shown in Figs. 1, 2 and 3,
and a closed position as shown in Figs. 5, 6 and 7. The
CPA member 16 generally comprises a first section 48, two
second sections 50, a third section 52 and a fourth
section 54. The fourth section 54 forms a top surface
for the CPA member 16 for a user to press the CPA member
from its open position to its closed position. The first
section 48 is adapted to move a shorting clip 56 of a

mating electrical connector (see Figs. 10 and 11).

In the embodiment shown, the first section 48 comprises
two rails 58 which extend downward from the fourth
gsection 54 and are slidable located in grooves 60 at the
front of the main housing member 18. The bottom ends of
the rails 58 are sloped to function as cam surfaces for
moving portions of the shorting «c¢lip 56. More
specifically, referring to Figs. 10 and 11, the mating
electrical connector comprises pin contacts 63 (only one
of which is shown). The shorting clip 56 contacts the
two pin contacts 63 in order to electrically connect the
two pin contacts 63 with each other. The shorting clip
56 is only moved away from the pin contacts 63 when the
electrical <connector 10 1is mated with the mating
electrical connector and the CPA member 16 is moved to

its closed position.

Fig. 10 shows one of the rails 58 when the CPA member 16
is in its open position. As can be seen, even though the
electrical connector 10 is attached to the mating
electrical connector, the shorting clip 56 still
electrically connects the contact pins 63 with each

8
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other. Fig 11 shows one of the rails 58 when the CPA
member 16 is moved to its closed position. As can be
seen, the bottom end of the rail 58 moves the shorting
clip 56 to remove electrical connection between the

shorting clip 56 and the pin contacts 63.

The second sections 50 are located at opposite lateral
sides of the CPA member 16. The second sgections 50
extend downward from the fourth section 54 in a general
cantilever fashion. As seen best in Fig. 3, each second
section 50 generally comprises a retaining section 62, a
cam surface 64, and an interference portion 66. The
retaining section 62 extends 1in a general forward
direction and comprises a retaining surface 68. With the
CPA member 16 in its open position, the retaining surface
68 is located above the retaining surface 46 to prevent
the CPA member 16 from being moved to its closed

position.

The cam surface 64 is located at the bottom of the second
section 50 and 1is adapted to contact a housing of the
mating electrical connector as the CPA member 16 is moved
from its open position to its closed position. More
specifically, referring also to Figs. 8 and 9, when the
electrical connector 10 is attached to the mating
electrical connector and the CPA member 16 starts to be
depressed by a user, the cam surface 64 rides against a
portion of the housing 70 of the mating electrical
connector. This causes the second section 50 to deflect
in a general cantilevered fashion in a reward direction
72 as shown in comparing Fig. 8 to Fig. 9. This caming
action causes the retaining section 62 to be moved away
from the retaining section 44 such that the two retaining

surfaces 46, 68 are separated from each other. This

9
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enables the CPA member 16 to be fully depressed to its

closed position as shown in Fig. 7.

As noted above, the second section 50 also comprises an
interference portion 66. The interference portion 66
extends in a general reward direction at the bottom end
of the second section 50. The interference portion 66 is
located in line with a gap 74 between the latch arm 30
and the main portion of the first section 24. More
specifically, when the CPA member 16 1is 1in its open
position, the interference portions 66 of the two second

sections 50 are located in front of the gaps 74.

When the electrical connector 10 is fully inserted into
the mating electrical connector and the latch arms 30 are
located in their latched positions, the interference
portion 66 can move into the gaps 74 as illustrated in
Fig. 5. However, 1f the electrical connector 10 is not
fully inserted into the mating electrical connector the
latch arms 30 will not be 1located at their latched
positions. The latch arms 30 would be deflected inward
towards the main body of the first section 24. Thus, the
gaps 74 would be reduced. The reduced size of the gaps
74 prevent the interference portions 66 from entering the
gaps 74. Instead, the interference portions 66 would
contact the front sides of the latch arms 30. Thus, the
latch arms 30 would block movement of the interference

portions 66 in a reward direction.

As can be seen with reference to Fig. 9, in order for the
retaining surfaces 46, 68 to pass each other as the CPA
member 16 is depressed, the interference portions 66 are
deflected towards the gaps 74. The latch arms 30 each

include a front notch 31 on their front side. The

10
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notches 31 allow the interference portions 66 to move
towards the latch arms 30 while the latch arms 30 are
still being moved downward in the mating connector (i.e.,
before the latch arms have been able to fully spring back
outward towards their home positions). Thus, the notches
31 function as a temporary clearance area, but the latch
arms 30 must be in their home outward positions (i.e.,
latched positions) in order for the CPA member 16 to be

moved to a fully downward position.

When the 1latch arms 30 are not in their latched
positions, the interference portions 66 contact the front
surfaces of the latch arms 30 at the notches 31 and the
interference portions 66 are prevented from entering the
gaps 74. Thus, the second sections 50 are prevented from
being fully deflected to allow the retaining sections 44,
62 to disengage each other. Therefore, the two retaining
sections 44, 62 engage each other to prevent the CPA
member 16 from being moved to its closed position. The
inability to move the CPA member 16 to its fully closed
position immediately signals to the wuser that the
electrical connector 10 is not fully inserted into the

mating electrical connector.

The third section 52 comprises a latch detent section for
retaining the CPA member 16 at either the open position
or the closed position. In the embodiment shown, the
third section 52 generally comprises a center guide
member 76 and two latch arms 78, 80. The center guide
member 76 and the latch arms 78, 80 extend downward from
the fourth section 54 in a general cantilever fashion.
The center guide member 76 and the latch arms 78, 80
extend through an aperture in the cover 20 and into the
detent receiving area 40 of the main housing member 18.

11
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The two latch arms 78, 80 interact with the bottom
surface of the cover 20 to prevent disconnection of the

CPA member 16 from the electrical connector.

The center guide member 76 1is slidably 1located in a
groove 82 of the main housing member 18. The first latch
arm 78 includes a detent section 84 which is located
above the detent protrusion 42 when the CPA member 16 is
in its open position. Referring also to Fig. 6, when the
CPA member 16 is moved to its closed position, the first
latch arm 78 1is able to resiliently deflect inward and
outward again such that the detent section 84 is now
located below the detent protrusion 42. Once the CPA
member 16 is moved to its closed position, the detent
system described above can help prevent the CPA member 16
from unintentionally moving back to its open position

unless a user applies a sufficient amount of force.

After the electrical connector 10 is properly inserted
into the mating electrical connector and the CPA member
16 is moved to its closed position, the CPA member 16
prevents the side 1latches 30 from being inwardly
deflected to their unlatched positions. The interference
portions 66, located in the gaps 74, prevent the side
latches 30 from being fully inwardly deflected. Thus,
the CPA member 16 prevents the electrical connector 10
from being inadvertently wunlatched from the mating
electrical connector. The CPA member 16 must be moved to
its open position before the electrical connector 10 can
be unlatched and disconnected from the mating electrical
connector. This also insures that the shorting clip 56
is connected to the two contacts 63 before the contacts
14 of the electrical connector 10 are disconnected from
the contacts 63.

12
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Referring now to Figs. 12 and 13, an alternate embodiment
of the present invention is shown. In this embodiment
the cover 20 is the same as that shown in the first
embodiment. However, 1in this embodiment main housing
member 90 and the CPA member 92 are slightly different.
The main housing member 90 includes a detent receiving
area 94 with a detent protrusion 96. The detent
protrusion 96 extends in a reward direction from the
front latching wall 98 of the main housing member 90.
The CPA member 92 has a center section 100 and two side
sections 102 which extend downward from the top 104. The
two side sections 102 are identical to the second
sections 50 shown in the first embodiment. The center
section 100 comprises the two rails 58 and a front

portion having a forward extending detent protrusion 106.

When the CPA member 92 dis in 1its open position, the
detent protrusion 106 is located above the detent
protrusion 96. When the CPA member 92 is moved towards
its closed position, the detent protrusion 106 can be
resiliently wedged inward by the detent protrusion 96 and
the detent protrusion 106 can subsequently be located
below the detent protrusion 96 to retain the CPA member
92 in its closed position. Once the CPA member 92 is
moved to its closed position, the detent system described
above can help prevent the CPA member 92 from
unintentionally moving back to its open position unless a

user applies a sufficient amount of force.

Referring now to Figs. 14-18, another alternate
embodiment will be described. In this embodiment the
electrical connector 110 includes a housing 112 and a CPA
member 114. The housing 112 includes a main housing

member 116 and a cover 118, The CPA member 114 includes
13
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a top 120 and two rails 122, 124. The two rails 122, 124
comprise outwardly extending latch protrusions 126. The
latch protrusions 126 are located below the cover 118 and
prevent the CPA member 114 from being disconnected from
the housing 112. The second rail 124 also comprises two
inward facing protrusions or projections 128, 130. The
protrusions 128, 130 project from the first rail 128 in a
direction towards the second rail 130. The first
projection 128 has a general pyramid shaped cross
section. A space is provided between the rails 122, 124
for receiving a portion of the housing of the mating

electrical connector.

The main housing member 116 includes a lateral facing
receiving area 132 which is adapted to receive the second
protrusion 130. In the open position, the second
protrusion 130 is located above the receiving area 132 as
indicated in Fig. 16. As indicated by comparing Fig. 16
to Figs. 17 and 18, in order to move the second
protrusion 130 into the receiving area 132 a portion of
the second rail 124 must be deflected laterally outward.
In order to accomplish this, the second rail 124 uses the
first protrusion 128 and its interaction with the housing
134 of the mating electrical connector. More
specifically, as the electrical connector 110 is mounted
to the mating electrical connector the housing 134 of the
mating electrical connector contacts the bottom surface
of the first protiusion. 128 and deflects the rail 124
outward. The CPA member 114 can then be depressed to
move the second protrusion 130 into the receiving area
132. The first protrusion 128 moves below the ledge 136

of the housing 134 for the rail 124 to straighten.

14



10

15

20

WO 2004/095642 PCT/US2004/007189

Without the Thousing 134 of the mating -electrical
connector deflecting the rail 124 outward, the second
protrusion 130 would not be able to pass by the wedge 138
located above the receiving area 132. Thus, without the
electrical connector 110 being mounted to the mating
electrical connector, the CPA member 114 1is prevented
from moving from its open position to its closed
position. As shown in Fig. 15, the rails 122, 124 also
function to contact the shorting clip 56 to move the clip
off of engagement with the contact pins 63 of the mating
electrical connector similar to that described above in
regard to the first embodiment. In one type of alternate
embodiment, the bottom ends of the rails 122, 124 could

be connected to each other.

It should be understood that the foregoing description is
only illustrative of the invention. Various alternatives
and modifications can be devised by those skilled in the
art without departing from the invention. Accordingly,
the present invention is intended to embrace all such
alternatives, modifications and variances which fall

within the scope of the appended claims.

15
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CLAIMS
What is claimed is:
1. An electrical connector comprising:

a housing having a deflectable cantilevered mating
connector latch arm, wherein the latch arm 1is
movable between a latched position and an unlatched

position;
electrical contacts connected to the housing; and

a connector position assurance (CPA) member movably
mounted to the housing between an open position and
a closed position, the CPA member comprising a first
section adapted to move a shorting clip of a mating
electrical <connector and a deflectable second
section, the second section comprising a cam surface
for contacting a housing of the mating electrical
connector and being deflected as the CPA member is
moved from the open position to the closed position
and an interference portion adapted to contact the
latch arm when the latch arm is not in its latched
position such that the CPA member is blocked from
reaching the closed position unless the latch arm is

in its latched position.

2. An electrical connector as in claim 1 wherein the
latch arm extends in a general cantilever fashion from a

leading insertion end of the housing.

3. An electrical connector as 1in c¢laim 1 wherein the
first section of the CPA member comprises rails slidably

mounted in grooves along an exterior side of the housing.

16
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4. An electrical connector as in claim 1 wherein the CPA
member further comprises a latch detent section for
retaining the CPA member at either the open position or

the closed position.

5. An electrical connector as 1in claim 4 wherein the
latch detent section comprises an inwardly deflectable
arm adapted to be located above a protrusion on the
housing when the CPA member is in the open position and
adapted to be located below the protrusion when the CPA

member is in the closed position.

6. An electrical connector as in claim 1 wherein the
second section comprises a retaining surface which
engages a retaining surface on the housing to retain the
CPA member in the open position and prevents the CPA
member from being moved from the open position to the
closed position unless the second section is deflected
inward by contact between the cam surface and the housing
of the mating connector to disengage the retaining

surfaces from each other.

7. In a vehicle air bag gas generator electrical
connector comprising a housing having deflectable latch
arms, electrical contacts connected to the housing, and a
connector position assurance (CPA) member movably mounted
to the housing between an open position and a closed

position, wherein the improvement comprises:

the CPA member comprising a first section adapted to
move a shorting «c¢lip of a mating electrical
connector and second sections, the second sections
each having a cam surface for contacting a housing
of the mating electrical connector and being

deflected thereby as the CPA member is moved from
17
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the open position to the closed position, and an
interference portion adapted to contact the latch
arms if the latch arms are not in a latched position
and thereby block deflection of the second sections
to prevent the CPA member from being moved to the
closed position unless the latch arms are in their

latched positions.

8. A vehicle air bag gas generator electrical connector
as in claim 7 wherein the latch arms extend in a general
cantilever fashion from a leading insertion end of the

housing.

9. A vehicle air bag gas generator electrical connector
as in claim 7 wherein the first section of the CPA member
comprises rails slidably mounted in grooves along an

exterior side of the housing.

10. A vehicle air bag gas generator electrical connector
as in claim 7 wherein the CPA member further comprises a
latch detent section for retaining the CPA member at

either the open position orxr the closed position.

11. A vehicle air bag gas generator electrical connector
as in claim 10 wherein the latch detent section comprises
an inwardly deflectable arm adapted to be located above a
protrusion on the housing when the CPA member is in the
open position and adapted to be located below the

protrusion when the CPA member is in the closed position.

12. A vehicle air bag gas generator electrical connector
as in claim 7 wherein the second section comprises a
retaining surface which engages a retaining surface on
the housing to retain the CPA member in the open position

and prevents the CPA member from being moved from the
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open position to the closed position unless the second
section is deflected inward by contact between the cam
surface and the housing of the mating connector to

disengage the retaining surfaces from each other.

13. A method of assuring a position of an electrical

connector in a mating connector comprising steps of:

inserting a portion of the electrical connector into

the mating connector;

moving a connector position assurance (CPA) member
from an open position on a housing of the electrical

connector towards a closed position;

deflecting a section of the CPA member by contact of
the section with a housing of the mating connector
as the CPA member is moved from the open position

towards the closed position; and

preventing the CPA member from reaching the closed
position unless a latch on the housing of the
electrical connector is located at a latched
position, the step of preventing comprising the
latch being located behind the section of the CPA
member when the latch is not in its latched position
to at 1least partially block deflection of the

section by the housing of the mating connector.

14. A method as in claim 13 wherein the step of
preventing further comprises locating a retaining surface
of the section above a retaining surface of the housing
when the CPA member is at the open position, and
preventing the retaining surfaces from disengaging each

other unless the section is deflected inward by the

19
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contact of the section with the housing of the mating

connector.

15. A method as in claim 13 further comprising a detent
locating the CPA member on the housing at the closed

position.

16. A method as in claim 13 wherein the step of moving
the CPA member towards the closed position comprises
moving a rail section of the CPA member along an exterior
side of the housing to move a shorting clip of the mating

connector.
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