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(54) ELECTRICAL CONNECTOR ASSEMBLY WITH MATE ASSIST LEVER

(67)  The present invention relates to an electrical
connector assembly comprising a connector comprising
a connector housing (20), a corresponding counter-con-
nector (30) comprising a counter-connector housing and
a mate assist member comprising a rotatable lever (10)
to facilitate the mating process of the connector with the
corresponding counter connector. The lever further com-

(A)

prises a lever cam slot (11) and a lever cam peg (12) and
the connector housing (20) comprises a connector cam
peg (22) and a connector cam slot (24), wherein in mount-
ed condition, the lever cam slot (11) interacts with the
connector cam peg (22) and the lever cam peg (12) in-
teracts with the connector cam slot (24).
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Description
1. Field of the invention

[0001] This invention generally relates to an electrical
connector arrangement. Particularly, it relates to an elec-
trical connector arrangement comprising connector and
counter connector and a mate assist device in the form
of arotary lever, to facilitate the mating of the connectors.

2. Prior art

[0002] A common "lever-type" electrical connector in-
cludes an assembly of a first connector or housing and
a second counter connector or header. To mate the con-
nectors together, the assembly has an actuating or assist
lever mounted for pivoting on the first connector with piv-
oting of the lever causing the first and second connectors
to shift between unmated and fully mated configurations.
Usually, the actuating lever and the counter connector
typically have a cam slot (groove) and a cam peg (fol-
lower) arrangement for drawing the second connector
into mating condition with the first connector in response
to pivoting of the lever. Such connectors are commonly
used in the automotive industry but offer room for im-
provement.

[0003] A typical example for such lever-type electrical
connectors is to provide a generally U-shaped lever
structure having a pair of relatively thin-walled lever arms
that are disposed on opposite sides of the housing con-
nector. The lever arms may have cam grooves for en-
gaging cam follower projections or pegs on opposite
sides of the header assembly. These types of lever con-
nectors are often used where relatively large forces are
required to mate and un-mate a pair of connectors. For
instance, frictional forces encountered during connecting
and disconnecting the connectors may make the process
difficult to perform by hand. In some cases, relatively
large electrical connectors with high pin counts, such as
connectors with 90 or more pin contacts, require at least
about 300 N to mate or un-mate the connectors. Further,
automotive industry standards specify a maximum of 75
N of user input force be required to perform this mating
and un-mating of the connectors.

[0004] A typical example of a connector assembly with
a mate assist mechanism in the form of a rotatable lever
is described in WO 2013/ 011345 A1. The mate assist
lever disclosed in this document is provided rotatable on
a connector housing and has generally a U-shaped form
with two lever arms connected by a common web. Each
lever arm comprises a cam groove (cam slot) that is
adapted to interact with a corresponding cam peg or cam
follower provided on the counter connector housing. Up-
on mating, the cam follower is introduced in the cam
groove of the lever and upon rotating of the lever from a
preliminary mating position to a fully mated position, the
cam groove acts on the cam follower, whereby the two
connectors to be mated are pulled towards each other.
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[0005] Although such lever-type connectors provide
significant advantages over connectors without mating
aid, current lever-actuator configurations have problems
to mate or to un-mate large connectors such as described
above while keeping user input force at or below the level
specified by the industry standard, or the levers are rel-
atively large to generate the required forces. With current
lever connector configurations, the mechanical advan-
tage provided by the lever actuators is often not sufficient
to overcome the high frictional forces seen by large elec-
trical connector assemblies between pins and sockets of
the connectors as they are mated and un-mated. Gen-
erally speaking, the known solutions of the prior art with
regard to rotary-lever-type mate assist devices function
satisfactorily, but still offer room for improvement.

[0006] The object of the present invention is to over-
come the disadvantages of the prior art connectors, and
particularly to provide an electrical connector that can be
mated and un-mated with little effort, provides a reliable
design and has only a small space consumption.

3. Summary of the invention

[0007] The above-mentioned object is realized by an
electrical connector assembly according to claim 1.
[0008] Particularly, the above-mentioned object is re-
alized by an electrical connector assembly comprising a
connector comprising a connector housing, a corre-
sponding counter-connector comprising a counter-con-
nector housing and a mate assist member comprising a
rotatable lever to facilitate the mating process of the con-
nector with the corresponding counter connector. By ac-
tuating the lever, e.g. manually, the two connectors are
pulled together in mating direction to facilitate mating and
un-mating of the two connectors depending on the direc-
tion of rotation of the lever. To this end, the lever com-
prises a lever cam slot (cam groove) and a lever cam
peg (cam follower) and the connector housing comprises
a connector cam peg and a connector cam slot, wherein
in mounted condition, the lever cam slot interacts with
the connector cam peg and the lever cam peg interacts
with the connector cam slot. In other words, the rotatable
lever and the connector housing interact by means of a
double cam slot arrangement, wherein each of lever and
housing comprises at least one cam slot and at least one
cam peg. One advantage of this arrangement is a par-
ticularly robust construction and an improved mechanical
guidance of the relative movements of lever and housing.
[0009] Generally preferred, the rotary lever has a sub-
stantially U-shaped configuration as it is known from the
art, wherein the connector housing is arranged between
the legs of the lever, and lever and connector housing
have a symmetrical configuration, where for example
each leg of the U-shaped lever has a corresponding cam
slot and cam peg and likewise the connector housing
comprises on two opposite sides corresponding connec-
tor cam pegs and connector cam slots.

[0010] Preferably, the lever is pivotably hinged onto



3 EP 4 447 235 A1 4

the counter connector. Thus, the pivot pointaround which
the lever is rotated is arranged on the counter connector
and the lever accordingly can rotate relative to said coun-
ter connector. Upon rotation of the lever, the respective
cam slots and cam pegs arranged on the lever and the
connector housing interact to move the connector and
the counter connector in mating direction for mating and
un-mating depending on the direction of rotation of the
lever.

[0011] Preferably,thelever comprises apivot member,
such as a pivot pin or pivot pin recess, and the counter
connector comprises a corresponding pivot member,
such as a corresponding pivot recess or pivot pin. For
example, the lever may comprise two pivot pins or pivot
recesses that are engaged into corresponding pivot re-
cesses or pivot pins on the counter connector, such that
the pins and recesses define a rotating axis for the lever
with respect to the counter connector.

[0012] Preferably the pivot members are fixed, such
that upon rotating of the lever, no linear displacement
between the pivot members of lever and counter connec-
tor occurs. In other words, the pivot members allow a
relative rotational movement of the lever with respect to
the counter connector, but the pivot axis itself remains
stationary with respect to counter connector and lever.
[0013] Preferably, the cam slot of the connector hous-
ing extends linearly in mating direction. As described
above, the connector housing comprises a cam slot as
well as a cam peg (cam follower). In this preferred ar-
rangement, the cam slot extends in the mating direction
of connector and counter connector. As the cam slot of
the connector interacts with the lever cam peg, this
means that the lever upon actuating can move relative
to the connector housing essentially linearly in mating
direction. It should be noted that the term mating direction
as used herein indicates the direction of movement upon
mating and un-mating of connector and counter connec-
tor. Thus, depending on the direction of rotation of the
lever, the same can move intwo linear opposite directions
with respect to the connector housing guided by the con-
nector cam slot.

[0014] Preferably, the lever cam slot and/or the con-
nector cam slot are straight. Typically, in the prior art,
cam slots provided with rotary levers have a curved ar-
rangement. With the present preferred arrangement, the
cam slots do not have active curved cam surfaces but
are preferably both straight. This allows for an improved
force transmission between the different parts of the con-
nector assembly.

[0015] Preferably, the cam slots oflever and connector
are arranged in parallel planes and extend at transvers
angles relative to each other. That is, if for example as
described above, the cam slot of the connector housing
extends generally in mating direction, the lever cam slot
when mounted, extends generally transverse to said mat-
ing direction. For example, in an unmated or pre-mated
position of the mate assist lever, the cam slots of lever
and connector housing may be arranged at an angle of
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approximately 90° to each other.

[0016] Preferably, upon actuating of the lever, the an-
gle between the cam slots varies. Typically, the connec-
tor cam slot has a certain orientation, like for example
extending generally in mating direction and the lever cam
slot extends in a different direction, as for example es-
sentially perpendicular when the lever is in the unmated
or pre-mated position. Uponrotation of the lever, the lever
cam slot follows the rotational movement of the lever, so
that the relative angle between the lever cam slot and
the connector cam slot changes.

[0017] Preferably, upon actuating the lever, the lever
cam peg is guided by the connector cam slot and the
connector cam pegis guided by the lever cam slot. There-
by, the movement of the lever relative to the connector
housing is guided double, once by the interaction of the
lever cam peg with the connector cam slot and at the
same time by the interaction of the lever cam slot with
the connector cam peg. The skilled person will under-
stand, that in all the embodiments described herein, the
lever preferably may have a U-shaped configuration with
two lever legs or arms, whereby each leg is e.g. provided
with one cam slot and one cam peg and the connector
housing will likewise have e.g. one cam slotand one cam
peg on opposite faces of the housing.

[0018] Preferably, upon actuating ofthe lever, the lever
cam slot and the connector cam peg interact such that a
force is exerted onto the connector housing in mating
direction. As already mentioned above, the term mating
direction is used toindicate the general direction of move-
ment of connector and counter connector relative to each
other upon mating and un-mating. Thus, due to the ar-
rangement of the respective cam slots and cam pegs,
the lever will transfer a force onto the connector housing
upon rotation to facilitate mating and un-mating.

[0019] Preferably, the lever has U-shaped configura-
tion and is essentially symmetrical. As it is common in
the art, the lever typically has two parallel lever legs that
are interconnected by a common web, giving the whole
lever a so-called U-shaped configuration. Typically, the
connector housing is arranged between the two legs and
each leg of the lever comprises for example a corre-
sponding configuration of cam slot and cam peg, so that
the lever is essentially symmetrical at least with regard
to its functional features. Accordingly, also the connector
housing preferably has a symmetrical configuration with
a cam slot and a cam peg on both opposing housing
sides.

[0020] Preferably, upon actuating ofthelever, the lever
is adapted to rotate relative to the connector housing.
Thereby, the lever path is increased, without necessarily
increasing the structural size of the lever itself. This al-
lows a very compact construction.

[0021] Preferably, the lever has a symmetrical U-
shape and two opposing side faces and two lever arms
extending from the side faces, wherein a respective pivot
member is arranged at the distal ends of the lever arms,
and the counter connector comprises two corresponding
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pivot members adapted to engage with the pivot mem-
bers of the lever arms, such that upon actuating of the
lever, the lever pivots relative to the counter connector
around said pivot members. Thereby, the lever is hinged
to the counter connector and rotates around a rotation
axis defined by the pivot members. Preferably, the pivot
axis remains stationary with respect to counter connector
and lever, so that the lever only comprises a rotational
movement with respect to the counter connector. Even
more preferred, due to the arrangement of a cam slot in
the connector housing, which for example extends in
mating direction as described above, the lever may re-
alize also a linear movement essentially in mating direc-
tion with regard to the connector (but not with regard to
the counter connector).

[0022] Preferably, the connector housing comprises
an electrical contact module and a cover member mount-
able to the module, and wherein the connector cam slot
and the connector cam pin are arranged on the cover
member. Such a model or arrangement allows the use
of different contact modules, having for example different
numbers of electrical terminal slots, without the necessity
for a redesign of the components related to the mate
assist functionality. For example, the cover member and
the lever and corresponding structural features relating
to the mate assist functionality can remain the same,
while using different contact modules according to need.
[0023] Preferably, the lever is provided with a latching
means adapted to automatically latch the lever onto the
connector housing in fully mated condition of connector
and counter connector. The latching means may serve
as an additional safety measure to prevent an accidental
release of the lever, which might lead to an undesired
un-mating of connector and counter connector. The
latching means may comprise for example an elastic
latching tongue provided on the lever and a correspond-
ing latching aperture provided on the connector housing
or vice versa. Upon actuating of the lever and rotating it
into the mating position, i.e. a position in which connector
and counter connector a fully mated with each other, the
latching tongue and aperture will automatically engage,
thereby providing a releasable locking of the lever onto
the connector housing.

4. Short description of the drawings
[0024] In the following, preferred embodiments of the
invention are disclosed by reference to the accompany-

ing figures, in which:

Fig. 1A and 1B show schematic illustrations of alever
and a part of the connector housing;

Fig. 2A and 2B illustrate the assembly of the con-
nector housing;

Fig. 3A and 3B show schematic illustrations of the
lever from two different perspectives;
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Fig. 4A and 4B show schematic illustrations of a part
of the connector housing from two different perspec-
tives;

Fig. 5 shows the counter connector;

Fig. 6A and 6B illustrate details of the counter con-
nector and the arrangement of the lever;

Fig. 7 shows the mating process of the connector
assembly in accordance with the invention; and

Fig. 8 shows the mating process of Fig. 7 in a partly
cut side view.

[0025] Figure 1A shows a rotary mate assist lever 10
and a connector cover 21 of a connector housing in ac-
cordance with the invention in a 3-dimensional exploded
view. The lever 10 has essentially a U-shaped configu-
ration with two parallel legs 14, 15 that extend from par-
allel faces that are interconnected by a common web 13.
The common web 13 is provided with a latching means
16 that allows for locking of the lever 10 onto the con-
nector cover 21 in the finally mated position. The lever
10 comprises cam slots 11 and cam pegs 12. As the
skilled person will recognize, and as it is shown in figure
3, thelever 10 is symmetrical and comprises correspond-
ing cam slots 11 as well as corresponding cam pegs 12
on both sides. The connector cover 21 is likewise struc-
tured symmetrically, as it is for example shown in figure
4, having cam pegs 22 arranged on both opposite faces
of the connector cover 21 and connector cam slots 24,
again on both opposite faces. The connector cover 21
further comprises a latching hook 23, that serves to hold
the lever 10 in the pre-mating position, as shown in figure
1B.

[0026] Figure 1B shows the assembly of lever 10 with
the connector cover 21. One can see, how the connector
cam peg 22 is arranged in the lever cam slot 11 and the
skilled person will recognize, that accordingly the lever
cam peg 12 is arranged in the respective connector cam
slot 24. Although figure 1B only shows the assembly of
connector cover and lever from one perspective, the
skilled person will understand, that the opposite, in the
perspective not visible side, comprises the same ar-
rangement, as lever and connector cover are symmetri-
cal.

[0027] Figures 2A and 2B show the assembly of con-
nector housing 20, which comprises the above-described
connector cover 21 as well as a connector module 25.
The module 25 comprises 12 contact terminal apertures
but it is also possible to use modules with more or less
terminal apertures. Thereby it is possible to easily adapt
the connector housing 20 for different applications, as
different modules 25 may be used with the same cover
21.

[0028] Figures 3A and 3B show the lever 10 in a 3-
dimensional schematic illustration from two different per-
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spectives. One can readily recognize that the lever is
symmetric and comprises the same functional compo-
nents on both legs 14 and 15. One can see two cam pegs
12, that are adapted to interact with the corresponding
cam slots 24 of connector cover 21. The lever further
comprises two pivot recesses 17, that are adapted to
interact with corresponding pivot pins 31 or spigots pro-
vided on the counter connector, as will be described in
more detail in connection with figures 5 and 6.

[0029] Figures 4A and 4B show the respective connec-
tor cover 21 in a 3-dimensional schematic view from two
different perspectives. One can see, that also the cover
21 is structurally symmetrical comprising two opposing
connector cam slots 24 as well as two cam pegs 22 on
opposite sides of the cover 21.

[0030] Figure 5 shows the counter connector 30, that
is in the shown embodiment a header. The counter con-
nector 30 comprises two pivot pins 31. The counter con-
nector 30 is designed to receive the connector at least
partially, in particular the module 25 of the connector
housing 20.

[0031] Figures 6A and 6B show further details of the
counter connector 30. In figure 6A one can see contact
terminals 32, that are adapted to interact with the con-
nector module 25 to establish an electrical connection
between the connector and the counter connector. The
pivot pins 31 are adapted to be received in the respective
pivot recesses 17 of lever 10 as one can see from the
cut side view in figure 6B. When the lever 10 is rotated
the pivot pins 31 and pivot recesses 17 define a rotation
axis that is fixed with respect to the counter connector
30. In other words, the lever 20 can rotate with respect
to counter connector 30, but it does not move linearly
with respect to the counter connector 30.

[0032] Figure 7 shows the mating process of connector
housing 20 and counter connector 30. In the left figure
7A, the lever 10 is arranged on cover 21 and positioned
in a pre-mating arrangement. The module 25 is mounted
onto cover 21. In figure 7B, the connector housing 20 is
plugged partially into the counter connector 30, and the
pivot recesses 17 of lever 10 are engaged with the pivot
pins 31. Upon rotation of the lever 10 to the left in figure
7, the lever cam slot 11 interacts with the connector cam
peg 22, thereby pushing the connector 20 further down
towards the mating direction with the counter connector
30. At the same time, the lever cam peg 12 moves inside
the connector cam slot 24, so that the lever 10 is moved
linearly relative to connector housing 20. In figure 7D,
connector and counter connector are fully mated. The
connector cam peg 22 has reached the end of lever cam
slot 11 and the lever cam peg 12 has reached its end
position in connector cam slot 24. The latching means
16 latch onto a corresponding latching apertures 26 of
connector housing 20.

[0033] Figure 8 shows the same mating process of fig-
ure 7 but in a cut side view. Figure 8A corresponds to
figure 7B and shows the connector housing 20 being par-
tially arranged inside of the counter connector 30. The

10

15

20

25

30

35

40

45

50

55

pivot pins 31 of the counter connector 30 interact with
the corresponding pivot recesses 17 of lever 10. Figure
8B shows the configuration according to figure 7C in the
middle of the mating process. As one can see them from
the view of figure 8B, the lever 10 has moved linearly
upwards relative to connector housing 20. Thereby, the
lever cam pegs 12 move up relative to the connector cam
slots 24. The skilled person will recognize, that in the
shown configuration, it is actually the connector housing
20 that is moved downwards relative to the counter con-
nector 30, while the lever 10 remains linearly stationary
with respect to the counter connector 30. In other words,
the rotation axis defined by pivot pins 31 and pivot re-
cesses 17 is fixed relative to counter connector 30 but
not with respect to connector housing 20. Figure 8C cor-
responds to the view of figure ;D and shows the finally
mated condition of connector and counter connector. The
skilled person will understand, that it is possible to un-
mate the connectors by means of actuating the lever 10,
such that it rotates clockwise in the orientation shown in
figure 8.

List of reference signs

[0034]

10 lever

11 lever cam slot

12 lever cam peg

13 web

14,15 leverleg

16 latching means

17 pivot recess

20 connector housing
21 connector cover
22 connector cam peg
23 latching hook

24 connector cam slot
25 connector module
26 latching apertures
30 counter connector
31 pivot pin

32 contact terminals
Claims

1. An electrical connector assembly comprising:

a connector comprising a connector housing
(20);

a corresponding counter-connector (30) com-
prising a counter-connector housing;

a mate assist member comprising a rotatable
lever (10) to facilitate the mating process of the
connector with the corresponding counter con-
nector;

the lever comprising a lever cam slot (11) and a
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lever cam peg (12) and

the connector housing (20) comprises aconnec-
tor cam peg (22) and a connector cam slot (24),
wherein in mounted condition, the lever cam slot
(11) interacts with the connector cam peg (22)
and the lever cam peg (12) interacts with the
connector cam slot (24).

The electrical connector assembly according to
claim 1, wherein the lever (10) is pivotably hinged
onto the counter connector (30).

The electrical connector assembly according to
claim 2, wherein the lever (10) comprises a pivot
member (17), such as a pivot pin or pivot pin recess,
and the counter connector (30) comprises a corre-
sponding pivot member (31), such as a correspond-
ing pivot recess or pivot pin.

The electrical connector assembly according to
claim 3, wherein the pivot members (17; 31) are
fixed, such that upon rotating of the lever (10), no
linear displacement between the pivot members (17;
31) of lever (10) and counter connector (30) occurs.

The electrical connector assembly according to any
one of the preceding claims, wherein the cam slot
(24) of the connector housing (20) extends linearly
in mating direction.

The electrical connector assembly according to any
one of the preceding claims, wherein the lever cam
slot (11) and/or the connector cam slot (24) are
straight.

The electrical connector assembly according to any
of the preceding claims, wherein the cam slots (11;
24) of lever (10) and connector (20) are arranged in
parallel planes and extend at transvers angles rela-
tive to each other.

The electrical connector assembly according to the
preceding claim, wherein upon actuating of the lever
(10), the angle between the cam slots (11; 24) varies.

The electrical connector assembly according to any
one of the preceding claims, wherein upon actuating
of the lever (10), the lever cam peg (12) is guided by
the connector cam slot (24) and the connector cam
peg (22) is guided by the lever cam slot (11).

The electrical connector assembly according to any
one of the preceding claims, wherein upon actuating
of the lever (10), the lever cam slot (11) and the con-
nector cam peg (22) interact such that a force is ex-
erted onto the connector housing (20) in mating di-
rection.
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1.

12.

13.

14.

15.

The electrical connector assembly according to any
one of the preceding claims, wherein the lever (10)
has a U-shaped configuration and is symmetrical.

The electrical connector assembly according to any
one of the preceding claims, wherein upon actuating
ofthe lever (10), the lever is adapted torotate relative
to the connector housing (20).

The electrical connector assembly according to any
one of the preceding claims, wherein the lever (10)
has a symmetrical U-shape and two opposing side
faces and two lever legs (14, 15) extending from the
side faces, wherein a respective pivot member (17)
is arranged at the distal ends of the lever legs, and
the counter connector (30) comprises two corre-
sponding pivot members (31) adapted to engage
with the pivot members of the lever arms, such that
upon actuating of the lever, the lever pivots relative
to the counter connector around said pivot members.

The electrical connector assembly according to any
one of the preceding claims, wherein the connector
housing (20) comprises an electrical contact module
(25) and a cover member (21) mountable to the mod-
ule, and wherein the connector cam slot (24) and the
connector cam peg (22) are arranged on the cover
member (21).

The electrical connector assembly according to any
one of the preceding claims, wherein the lever (10)
is provided with a latching means (16) adapted to
automatically latch the lever onto the connector
housing in fully mated condition of connector and
counter connector.
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