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ELECTRICAL CONNECTOR .WITH

Wmmuw_m
Field of the Invention

This invention generally relates to the art of
electrical connectors and, particularly, to an electrical
connector assembly which includes a terminal position
assurance sysfem whereby the connector assembly cannot mate
with a complementary mating connector assenbly unless all
of the terminals are properly positioned.

Bac ound of the venﬁ'o

A common type of electrical connector includes a
dielectric housing having a plurality of terminal-receiving
cavities within which are mounted a plurality of terminals.
The terminals may be stamped and formed metal components
and include a mating end for mating with terminals of a
complementary electrical connector assembly, along with
terminating ends for termination to a plurality of
electrical cables, wires or to circuitry on a printed
circuit board, for instance. The terminals must be
properly positioned within their respective housing
cavities for proper mating with the terminals ‘of the
complementary connector assembly.

Improper installation of electrical connectors
has long been a problem in mating connector assemblies
having large numbers of terminals for interconnecting large
numbers of electrical circuits. The mating assemblies may
perform quite -adequately under normal circumstanées, but
open circuits can occur when the terminals are not properly
positioned within the dielectric housings of the connector .

1
eet Has Been Re‘laced

TR



-

-

193-004 EP

assemblies or when the assemblies are not properly mated.

- In addition to open circuits, terminal retention also is

important because of problems that can be encountered due
to continuous mating and unmating of the connectors over
the life of the assemblies. In addition, use of the
connectors in vibration environments can cause the
terminals to become loosened and improperly positioned.
Improper retention of the terminals can result in unstable'
electrical interconnections.

Various designs have been used to improve the
retention of terminals within electrical conneétgr housings
and to improve the mating integrity of the connector
assemblies themselves. For example, regarding the mating

.connectors, plastic terminal latches integral with the

connector housings often are used to enhance the mating
integrity between the connectors. However, regardless of
the integrity between the connector housings themselves, if -
the terminals are improperly positiocned, open circuits,

- terminal damage and other problems can occur even though

the connector housings are properly mated. = Therefore,
various devices have been designed to protect against
improperly positioned terminals and, in fact, to prevent
the connector assemblies from mating unless all of the
terminals therewithin are properly positioned. Such’
devices commonly have been called "terminal position
assurance” devices. ' '

For .instance » @ known terminal position assurance
system in an elohgated connector utilizes an elongated
terminal position assurance (TPA) member extendable
longitudinally through the housing, with the TPA member
including a plurality of primary locking devices for
retaining the terminals within the connector. Secondary
locks on the TPA member are effective to prevent unlocking
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of the primary locking devices. The connector cannot mate
with a complementary connector unless the TPA member is
properly positioned. Although this system is quite
effective, by providiné both the primary locking devices
and the secondary locks on the TPA member itself, the
system is somewhat complicated and, in some applications,
may not be totally cost effective. This invention is
directed to an improved system of the character described
wherein the primary locking devices are located on the
connector housing and the secondary locking devices are
located on the TPA member. This sYstem simplifies the TPA
member design and provides for more cost effective
manufacture of the TPA member and the connector housing.

Summaxy of the Inventio _ _
An object, therefore, of the invention is to

‘provide a new and improved terminal position assurance

system for an electrical connector assembly.

In the exemplary embodiment of the invention, the
connector assembly includes an elongated dielectric housing
having a plurality of terminal-receiving cavities extending
transversely of the housing. A plurality of terminals are
insertable transversely of the housing into the cavities.
A passageway extends longitudinally of the housing, and an
elongated terminal position assurance (TPA) member is
insertable into the passageway. The TPA member is movable
between a preloaded position and a lcdaded position. The
TPA member prevenf:s mating of the connector assembly with
a complementary connector assembly when the TPA member is
in its preloaded position. _

The invention contemplates the provision of a -
plurality of primary 1locking devices on the connector
housing and movable between locking positions to lock the
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terminals in their respective cavities when the terminals
are properly positioned or fully loaded into the cavities,
and second positions projecting into the passagewéy when
the terminals are ofxly partially loaded into their
respective cavities. If any one of the primary locking
devices is in its second position, the TPA member is
prevented from moving from its preloaded position to its
loaded position which, in turn, _prevents mating of the
connector assemblies. A secondary locking means is
provided on the TPA member and is provided on the TPA
member and is operatively associated between the primary
locking devices to hold the primary locking devices in
their first, locking positions when the TPA member is in
its loaded position.

In the preferred embodiment of the invention, the
dielectric housing is molded of plastic material, and the
primary locking devices are provided by resilient
cantilevered latch arms. The TPA member includes a
plurality of ribs separated by grooves spaced lengthwise of
the member. When the TPA member is in its pfeloaded
position, the bottoms of the grobves, between - the ribs,
define wall means located to prevent overstressing of the
resilient cantilevered latch arms. When the TPA member is
in its loaded position, allowing mating of the connector
assemblies, the ribs of the TPA member are located for
blocking movement of the cantilevered latch arms from their
locking positions to their second positiocas and thereby
retain the terminals within the housing. 1f any terminal
is not fully loaded, its respective cantilevered latch arm
projects into the passageway of the TPA member; the TPA
member therefore cannot move to its loaded position; and
the mating_ connectors consequent_ly cannot be mated.
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Other objects, features and advantages of the
invention will be apparent from the following detailed
description taken in connection with the accompanyihg
drawings. '
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escriptj of the Drawings .

The features of this invention which are believed
to be novel are set forth with particularity in the
appended claims. The invention, together with its objects
and the advantages thereof, may be best understood by
reference to the following description taken in conjunction
with the accompanying drawings, in which like reference
numerals identify 1like elements in the figures ‘and in
which:

FIGURE 1 is an exploded perspective view of an

'electrical connector assembly embodying the concepts of the

invention, and including a pair of TPA members;

FIGURE 2 is a perspective view on an enlarged
scale, of one of the TPA members;

FIGURE 3 is a cross-sectional view through the
connector assembly, with the illustrated left-hand terminal
fully loaded within the connector housing, with the right-
hand terminal not fully lqaded within the housing, and with
the TPA member in its prelocaded position;

FIGURE 4 is a view similar to that of Figure 3,
with both terminals in their fully loaded positions, and
with the TPA member in its loaded position;

' FIGURE 5A is a longitudinal section through a
connector assembly, with the TPA member in its preloaded
position and illustrating how the TPA member prevents
mating of the connector assembly with a complementary
connector;

FIGURE 5B is a view similar to that of Figure 5A,
but showzng the TPA member in its loaded position allowing
mating of the connector assembl:.es, and

FIGURE 5C is a view similar to that of Figures 5A
and 5B, with the connector assemblies in fully mated
condition.
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etajled Description of the eferred bodiment
Referring to the drawings in greater detail, and
first to Figure i, an elongated electrical connector -
assembly, generally designated 10, is shown to include a
dielectric housing, generally designated 12, which includes
a mating end 14 and a terminal/wire receiving or
terminating end 16 defined by a rear housing portion 18.
The housing includes a plurality of terminai-receiving
cavities 38 communicating between the mating and terminal-
receiving ends of the housing. A plurality of cantilevered
spfing latch arms 22 are protected within respective hoods
24 for latching the connector aesembly to a complementary
mating connector (not shown). A passageway 26 extends
longitudinally through the housing for receiving a pair of
terminal position assurance (TPA) members, generally
designated 28. The TPA members are insertable into open
ends of passageway 26 at opposite ends of the connector
housing, in the direction of arrows "av,
| Although two TPA members 28 are shown in Figure
1 for insertion into opposite ends of passageway 26 of
connector 10, it should be understood that a single TPA
member could be employed and inserted into the passageway
the entire length of the'connector assembly. A pair of TPA
members are shown and utilized in the preferred embodiment
for manufacturing and assembly convenience and efficiency.
Figure 2 shows one of the TPA members 28 to be an
elongated strip having a distal insertion end 28a and a
proximal gripping end 28b adjacent which is located a
cantilevered latch arm 30. The latch arm has a latch hook
30a for latchlng the TPA member in its pre-loaded and fully
loaded positions, as will be described hereinafter. The
TPA member is unitarily molded of dielectric material, such

~as plastic or the like, and each longitudinal side of the
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member is formed with a plurality of ribs 32 spaced
longitudinally of the member and separated by a plurality
of grooves 34. '

Referring to Figure 3, each terminal-receiving
cavity 38 in housing 12 is separated by a central partition
36 to define a pair of transversely aligned terminal-
receiving cavity portions 38. A metal stamped and formed
terminal, generally designated 40, is mcunted in each
cavity portion 38. Each terminal includes a contact
receiving end 40a and a wire terminating end 40b. The
contact receiving end is shown to be of a "female"
configuration for receiving a male terminal or contact pin
of a complementary mating connector (not shown). Wire
terminating end 40b is provided for termination to
conductors 42 of an insulated electrical wire 44. Each
terminal 40 is provided with an inwardly . facing locking
shoulder 46. Terminals 40 and terminated wires 44 are
inserted into cavity portions 38 in housing 12 in the
direction of arrows "B". A seal 48 is provided inside rear
housing portion 18, and seals 50 are provided for seaiing
with pb_rtions of the complementary mating connector.

Still referring to Figure 3, generally, the
invention contemplates a plurality of primary locking
devices on housing 12 and movable between locking positions
to lock terminals 40 in their respective cavities or cavity
portions when the terminals are fully loaded into the
cavities, and second positions projecting into passageway
26 for TPA member 28. More particularly, hoixsing 12 is
molded of dielectric mat_erial such as plastic or the like,
and the primary iocicing devices are provided by resilient
cantilevered latch arms 52 having hook portions 52a for
locking under shoulders 46 of the respectivé terminals. In
Figure 3, the left-hand terminal 40 is shown in its fully
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inserted and properly posit'ioned condition. It can be seen
that hook portion 52a of the left-hand cantilevered latch
arm 52 is in a locking position behind shoulder 46 of the
left-hand terminal to lock the terminal in its fully loaded
position. It also is important to note that the left-hand
cantilevered latch arm 52 does not project into passageway
26 for TPA member 28.

Now, referring to the right-~hand terminal 40 in
Figure 3, it can be seen that this terminal is not fully
loaded nor properly positioned within the connector
housing. In this position, it can be seen that hook
portion 52a of the right-hand cantilevered latch arm 52
abuts against the side of the terminal, and the right-hand
cantilevered latch arm projects into passageway 26 for TPA
member 28. Right-hand terminal 40 in Figure 3 is shown in
a partially loaded pésition for two purposes. First, this
position can represent an improperly positioned terminal.
Second, it also shows how a tool 54 can be inserted into
cavity 20 to move the cantilevered latch arms 52 inwardly
and allow selective removal of the terminal and its
respective electrical wire 44.

Still referring to Figure 3, generally, TPA
member has a preloaded position and ‘a loaded position
longitudinally of the connector housing, with the preloaded
position being shown in Figure 3, and the loaded position
being shown in Fiqure 4 as described hereinafter. 1In its
preloaded position of Figure 3, it can be seen that grooves
34, spaced lengthwise of the TPA member, are aligned with
the primary locking devices defined by cantilevered latch
arms 52. Thereforé, the latch arms are allowed to flex
inwardly into the grooves to allow loading and unloading of
terminals 40. When all of the terminals are fully loaded
or properly pbsitioned within the connector housing, the

9
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cantilevered latch arms flex outwardly to their locking
positions as shown by the left-hand latch arm 52 in Figure
3. In their locking positions, the latch arms 52 lock the
terminals in their fully loaded, proper positions and, in
addition, the latch arms are clear of passageway 26 to
allow movement of TPA member 28. The bottoms of grooves 34
provide a further function of preventing overstressing of
the flexible latch arms away from their locking positions,
such as when utilizing tool 54 to remove a terminal.
Turning to Figure 4, it can be seen that both
terminals 40 are fully inserted into the connector housing
and, thereby, are properly positioned. It also can be seen
that hook portions 52a of both primary locking devices or
cantilevered latch arms 52 are in their locking positions
to lock the terminals in their fully loaded, proper
positions. 1In such a position, TPA member 28 can be moved
a small amount (see arrows "A", Fig. 1) to move ribs 32
(Fig. 2) into alignment with cantilevered latch arms 52 as
shown clearly in Figure 4. The TPA member, through ribs
32, thereby provides a secondary locking means operatively
associated between the primary locking devices on latch
arms 52, to hold the latch arms in their locking positions
behind shoulders 46 of terminals 40. It should be
understood that if any single terminal 40 is not properly
positioned or fully loaded within the connector, TPA member
28 cannot be moved to its loaded position as shown in
Figure 4. In other wofds, the cantilevered latch arm 52

for that single términal will remain in its position shown

by the r@qht-hand_latch_grm in Figure 3 and, thereby, block
any movement of the'TPA member to its loaded position.
Figures 5A-5C show the invention incorporated in
a shorter electrical connector assembly, generally
designated 10', and which incorporates only one TPA member
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28. Otherwise, like numerals have been applied to Figures
SA-5C corresponding to like elements described above in
relation to connector assembly 10 in Figures 1-4. The

simpler connector assembly 10' is shown in Figures SA-5C to
illustrate how the TPA member prevents mating of the
connector assembly with a complementary connector if the
TPA member cannot be moved to its loaded positioﬁ, i.e.
should any terminal not be in its proper, fully loaded

‘position, as described above.

More particularly, Figure S5A shows TPA member 28
in its preloaded position, with proximal gripping end 28b
thereof projecting outwardly of one end of the connector
assembly. Latch arm 30 of the TPA member also is shown
projecting from the end of the connector housing. A
complementary mating connector, generally designated 70,
also is shown to include end walls 72 which are
positionable over housing 12 of connector assembly 10°',
connector 70 including pin-type terminals 74 for mating

‘with female contact receiving ends 40a of terminals 40.

With the depiction of Figure 5A, it can be understood that
if anzattempt is made to mate connector 70 with connector
assembly 10' in the direction of arrow "C", the left-hand
end wall 72 of connector 70 will abut the protruding TPA
member as long as the TPA member is in its preloaded
position, as shown. In other words, if there is even one
terminal 40 which is not properly positioned with connector
assembly 10', as described above, the TPA member cannot be
moved to its loaded position and, therefore, complementary
connector 70 cannot be mated with connector assembly 10°.

Now, referring to Figure 5B, it can be seen that
TPA member 28 has been moved inwardly in the direction of
arrow "D%, whereby end 28a of the TPA member now is clear
of the path of movement of end wall 72 of complementary

r‘-——-\
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mating connector 70. Of course, the position of TPA member
28 in Figure SB indicates that all of the terminals have
been properly positibned within connector 10' and the
primary locking devices afforded by cantilevered latch arms
52 all have been moved to their locking positions as shown
in Figure 4. Latch arm 30 is shown with its latch hook 30a
latched behind a latching rib 80 of housing 12 to hold the
TPA member in its loaded position. |

Lastly, Figure 5C shows complementary mating
connector 70 moved to its fully mated condition with
connector assembly 10', and with the edges of_end walls 72
of connector 70 in engagement with seals 50. Of course,
fully mating of connectors 70 and 10' has been allowed
because TPA member 28 has been moved to its loaded position
and all of the terminals are properly positioned within
connector assembly 10°'. |

It will be understood that the invention may be
embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be considered
in all respects as illustrative and not restrictive, and
the invention is not to be limited to the details given
herein.
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CLAIMS

1. In an electrical connector assembly (10)
which includes a terminal position assurance system, the
assembly including an elongated dielectric housing (12)
having a plurality of terminal-receiving cavities (20,38)
extending transversely of the housing, a plurality of ter-
minals (40) insertable transversely of the housing into the
cavities, a passageway (26) extending longitudinally of the
housing, and an elongated terminal position assurance mem-
ber (28) insertable into the passageway and movable between
a preloaded position and a loaded position, the terminal
position assurance member preventing mating of the connec-
tor assembly with a complementary electrical connector when

~the terminal position assurance member is in its preloaded

position (70), wherein the improvement comprises a
plurality of primary locking devices (52,52%) on the hous-
ing and movable between locking positions te lock the ter-
minals in their respective cavities when the terminals are
fully loaded into the cavities and second positions pro-
jecting into said passageway when the terminals are only
partially loaded into their respective cavities to thereby
prevent the terminal position assurance member from moving
from its preloaded position to its loaded position, and
secondary locking means (32) operatively associated between
the terminal position assurance member and the primary
locking devices to hold the primary locking devices in
their first, .locki'ng positions when the terminal assurance
member J.s in its loaded position, and wherein said
dielectrlc housing is molded of plastic material, said
primary locking devices comprise resilient cantilevered
latch arms, and said terminal position assurance member
includes wall means located, when the terminal position

13
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assurance member is in its preloaded position, to prevent
overstressing of the resilient cantilevered latch arms.

2. In an electrical connector assembly as set
forth in claim 1, wherein said terminal position assurance
member (28) includes a plurality of ribs (32) for blocking
movement of the cantilevered latch arms (52) from their
locking positions to their second positions when the termi-
nal position assurance member is in its loaded position.

3. In an electrical connector assembly as set
forth in claim 2, wherein said terminal position assurance
member (28) includes a plurality of grooves (34) between
said ribs, the bottoms of the grooves defining said wall
means.

4. In an electrical connector assembly as set
forth in claim 2, wherein said terminal position assurance
member /28) includes a plurality of ribs (32) for blocking
movement of the cantilevered latch arms (52) from their
locking positions to their second positions when the termi-
nal position assurance member is in its loaded position.

5. In an electrical connector assembly as set
forth in claim 1, including latch means (30,30a) operative-
ly associated between said terminal position assurance
member (28) and dielectric housing (12,80) for holding the
terminal position member in its loaded posifion.

" 6. In an electrical connector assembly as set
forth in claim 1, wherein portions of said terminal-receiv-
ing cavities (20) are oversized relative to the terminals
(40) at an exterior face (14) of the housing to allow in-
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sertion of an appropriaté tool (54) ‘into the cavities to
move the primary locking devices (52) to said second posi~
tions and permit withdrawal of the terminals. '

s "
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