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(54) SERRATION FEATURE BASED CLEARANCE COMPENSATION MECHANISM FOR AN
ELECTRICAL CONNECTOR

(57) The present disclosure relates to a mechanism
for clearance compensation in an electrical connector
system.Anelectrical connector system (100) is provided.
The electrical connector system (100) comprises a con-
nector housing (102) adapted for holding one or more
electrical contact elements, a mate assist device (150)
associatedwith the connector housing (102), and locking
means for locking themate assist device (150) relative to
the connector housing. The locking means comprise a
first plurality of teeth (110) associated with the connector
housing (102) and a second plurality of teeth (156) as-
sociated with the mate assist device (150). The first
plurality of teeth (110) and the second plurality of teeth
(156) are adapted to be engaged with each other and
thereby to enable different locking positions of the mate
assist device (150) relative to the connector housing
(102) in a mated state of the connector housing (102)
with a corresponding counter connector housing.
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Description

1. Field of the invention

[0001] The present disclosure generally relates to a
mechanism for clearance compensation in an electrical
connector system. More specifically, it discloses an elec-
trical connector system having pluralities of teeth pro-
vided on members thereof which are adapted to be
engaged with each other and thereby to enable different
locking positions of the electrical connector system.

2. Prior art

[0002] Electrical connector systems are generally
used to provide a removable electrical connection be-
tween respective electrical contact elements arranged in
their members. Typically, an electrical connector system
comprises a first member, for example, a female compo-
nent which is often referred to as a socket, and a corre-
sponding second member, for example, a male compo-
nent which is often referred to as a plug. In some cases,
an electrical connector system additionally comprises a
mate assist device to facilitate establishing amated state
of themembers of the electrical connector system.When
the members of the electrical connector system are
mated in accordance with their respective positions de-
fined solely by design, various factors such as manufac-
turing tolerances affect the clearance and hence the
quality of electrical contact between respective electrical
contact elements. Inmany applications, the quality of the
electrical contact plays an important role in ensuring
desired signal quality, connector durability, or the like.
While generally plural clearance compensationmechan-
ismsexist, thesemechanismsdonot enablealtering their
fixed locking position.
[0003] The object of the disclosed subject matter is to
overcome disadvantages of the prior art electrical con-
nector systems, particularly, to provide an electrical con-
nector system that is adapted to advantageously provide
compensation of manufacturing tolerances of compo-
nents of such electrical connector system.

3. Summary of the invention

[0004] Theabove-mentionedobject is realizedbyeach
of an electrical connector system according to claim 1
and by an electrical connector system according to claim
2.
[0005] Particularly, the above mentioned object is rea-
lized by an electrical connector system comprising a
connector housing, a mate assist device and locking
means. The connector housing holds (is adapted for
holding) one or more electrical contact elements. The
mate assist device is associated with the connector
housing and, as generally known to the skilled person,
is adapted to facilitate establishing a mate state of the
connector housing with a corresponding counter con-

nector housing. The locking means are adapted for lock-
ing the mate assist device relative to the connector
housing such that, as generally known to the skilled
person, relative movement of the mate assist device
relative to the connector housing is blocked (e.g., until
the locking means are unlocked). The locking means
comprise a first plurality of teeth associated with (e.g.,
attached to, formedon,or the like) theconnector housing.
Further, the lockingmeans comprise a secondplurality of
teeth associatedwith (e.g., attached to, formed on, or the
like) themate assist device. The first and second plurality
of teeth are adapted to be engaged with each other.
Engaging the teeth enables establishing different locking
positions of the mate assist device relative to the con-
nector housing in amated state of the connector housing
with a corresponding counter connector housing. As a
result, the mate assist device may be locked relative to
the connector housing (andhence the connector housing
relative to the corresponding counter connector housing)
in a position that advantageously compensates manu-
facturing tolerances of various components of the elec-
trical connector system.
[0006] Furtherparticularly, theabovementionedobject
is realizedbyanelectrical connector systemcomprisinga
first connector housing, a corresponding second con-
nector housing and locking means. Each of the two
connector housings holds (is adapted for holding) one
or more electrical contact elements. The locking means
are adapted for locking the two housings with each other
such that, as generally known by the skilled person,
relative movement of the two housings relative to each
other is blocked (e.g., until the locking means are un-
locked). The locking means comprise a first plurality of
teeth associatedwith (e.g., attached to, formed on, or the
like) the first connector housing. Further, the locking
means comprise a second plurality of teeth associated
with (e.g., attached to, formed on, or the like) the corre-
sponding second plurality of teeth. The first and second
plurality of teeth are adapted to be engaged with each
other. Engaging the teeth enables establishing different
locking positions of the first connector housing relative to
the corresponding second connector housing in a mated
state of the electrical connector system. As a result, the
first connector housing may be locked relative to the
corresponding second connector housing in a position
that advantageously compensates manufacturing toler-
ances of various components of the electrical connector
system.
[0007] In an aspect of the present disclosure, each of
the first plurality of teeth and the second plurality of teeth
comprises a saw-tooth geometry. As a result, the locking
means, when engaged, may advantageously withstand
forces acting upon the locking means which are trans-
ferred thereon from other components of the electrical
connector system.
[0008] In a further aspect of the present disclosure, the
first plurality of teeth and the second plurality are each
respectively arranged in a tooth rack. As a result, the
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respective electrical connector system may advanta-
geously assume different locking positions in a stepwise
manner, for example, in equidistant steps.
[0009] In a further aspect of the present disclosure, the
first plurality of teeth and the second plurality of teeth are
adapted to allow relative movement with each other in
only one direction, when engaged. As a result, the re-
spective electrical connector system, when the locking
means are engaged, may advantageously offer a ratch-
et-like functionality.
[0010] In a further aspect of the present disclosure, the
connector housing comprises a locking latch for locking
the mate assist device in the mated state. In this aspect,
the first plurality of teeth is provided on the locking latch.
As a result, the locking means may be advantageously
locked and unlocked by operating the locking latch to
respectively engage or disengage the first and second
plurality of teeth with each other. Preferably, the locking
latch may be at least partially accessible in the mated
state of the connector housing with the corresponding
counter connector housing.
[0011] In a further aspect of the present disclosure, the
electrical connector system further comprises an unlock-
ing arm. In this aspect, the unlocking arm is accessible
when the two housings are in the mated state. The
unlocking arm is arranged such that, when the unlocking
arm is operated, the unlocking arm disengages the first
and second plurality of teeth. As a result, the electrical
connector system may be advantageously unmated.
[0012] In a further aspect of the present disclosure, the
mate assist device comprises a lever. In this aspect, the
second plurality of teeth is provided on the lever. As a
result, the locking means are advantageously applied to
a lever-based mate assist system.
[0013] In a further aspect of the present disclosure, the
mate assist device comprises a slider. In this aspect, the
second plurality of teeth is provided on the slide. As a
result, the locking means are advantageously applied to
a slider-based mate assist system.
[0014] In a further aspect of the present disclosure, the
mate assist device comprises a cam-lever system. In this
aspect, the second plurality of teeth is provided on a cam
of the cam-lever system. As a result, the locking means
are advantageously applied to a cam-lever mate assist
system.
[0015] In a further aspect of the present disclosure,
each of the first plurality of teeth and the second plurality
of teeth comprises at least two teeth. As a result, plural
different locking positions may be advantageously en-
abledwhile the number of teeth and their footprintmaybe
advantageously optimized. Preferably, each of the first
plurality of teeth and the second plurality of teeth com-
prises at least three teeth, at least four teeth, or at least
five teeth. As a result, a tradeoff between a number of
teeth (and hence a number of different locking positions)
and their footprint may be advantageously established.
[0016] In a further aspect of the present disclosure, a
number of the first plurality of teeth and a number of the

secondplurality of teetharedifferent.Asa result, footprint
may be advantageously saved at one of the first or
second plurality of teeth and the other plurality of teeth
may ensure sufficient number of locking positions.
[0017] In a further aspect of the present disclosure, the
different locking positions are at least two locking posi-
tions. As a result, plural different locking positionsmaybe
advantageously enabled while the number of teeth and
their footprint may be optimized. Preferably, the different
locking position are at least three locking positions, at
least four locking positions, or at least five locking posi-
tions.Asa result, a tradeoffbetweenanumberof different
locking positions (and hence a number of teeth) and their
footprint may be advantageously established.
[0018] In a further aspect of the present disclosure, the
different locking positions are arranged to provide com-
pensation of manufacturing tolerances of components of
the electrical connector system. As a result, quality of the
electrical contact between respective electrical contact
elements of the electrical connector systems may be
advantageously enhanced.
[0019] In a further aspect of the present disclosure, the
electrical connector system further comprises the corre-
sponding counter connector housing.

4. Brief description of the drawings

[0020] In the following, various aspects of the dis-
closed subject matter are described in detail with refer-
ence to the accompanying figures, in which:

Fig. 1A shows a three-dimensional view of an embo-
diment of a connector housing;

Fig. 1B shows a three-dimensional view of an embo-
diment of a mate assist device;

Fig. 2A shows a cross section view of an embodi-
ment of a connector housing and a mate as-
sist device in an unmated state;

Fig. 2B shows a cross section view of an embodi-
ment of a connector housing and a mate as-
sist device in a mated state in a locking posi-
tion defined solely by design;

Fig. 2C shows a cross section view of an embodi-
ment of a connector housing and a mate as-
sist device in a mated state in a locking posi-
tion with compensated tolerances;

Fig. 2D shows a cross section view of an embodi-
ment of a connector housing, a mate assist
device and a corresponding counter connec-
tor housing in a mated state in a locking posi-
tion with compensated tolerances;

Fig. 3A shows schematically an initial phase of an
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unlocking process of an embodiment of a
connector housing and a mate assist device;

Fig. 3B shows schematically a further phase of an
unlocking process of an embodiment of a
connector housing and a mate assist device;

Fig. 4A shows a three-dimensional view of a further
embodiment of an electrical connector sys-
tem;

Fig. 4B shows a cross section view of a further em-
bodiment of an electrical connector system.

5. Detailed description

[0021] Fig. 1A shows - in a three-dimensional view - a
connector housing 102 of an electrical connector system
100 according to an embodiment of the present disclo-
sure. The connector housing 102 comprises a portion
104 for mating with a corresponding counter connectors
housing (not shown). Further, the connector housing 102
comprises a portion 106 adapted for associating the
connector housing 102 with a mate assist device 150
(not shown in Fig. 1A but explained in conjunction with
Fig. 1B). The mate assist device 150 is associated with
the connector housing 102 such that it is rotatably mo-
vable around the axis of the hole in the portion 106 of the
connector housing 102. The connector housing 102
further comprises a locking latch 108 having a plurality
of teeth110 formed thereon.Theplurality of teeth110and
a further plurality of teeth 156 (not shown in Fig. 1A but
explained in conjunctionwith Fig. 1B) formedon themate
assist device 150 compose an embodiment of locking
means of the present disclosure. A portion 112 of the
locking latch 108 is accessible and is adapted to be
operable (e.g., by the user) to facilitate locking and un-
locking the locking means. The first plurality of teeth 110
comprises a saw-tooth geometry and is formedasa tooth
rack.
[0022] Fig. 1B shows - in a three-dimensional view - a
mate assist device 150of the electrical connector system
100 according to an embodiment of the present disclo-
sure. Themate assist device 150 comprises portions 152
(corresponding to the portion 106 of the connector hous-
ing 102) which is adapted for associating the mate assist
device150with the connector housing102.Furthermore,
themate assist device 150 comprises gear elements 154
which are adapted for meshing with corresponding gear
elements 206 (not shown in Fig. 1B but explained in
conjunction with Fig. 2D) of the counter connector hous-
ing (not shown). In addition, the mate assist device 150
comprises a plurality of teeth 156 formed thereon. The
second plurality of teeth 156 comprises a saw-tooth
geometry and is formed as a tooth rack. The number
of teeth of the second plurality of teeth 156 of the mate
assist device 150 is less than the number of teeth of the
first plurality of teeth 110 of the connector housing 102

(explained in conjunction with Fig. 1A). However, the
skilled person recognizes that various constellations of
the respective numbers of teeth may be advantageously
applied. The plurality of teeth 110 (shown in Fig. 1A) and
the plurality of teeth 156 compose an embodiment of
locking means of the present disclosure. The second
plurality of teeth 156 comprises a saw-tooth geometry
and is formed as a tooth rack.
[0023] Fig. 2A shows - in a cross section view - a
section of the connector housing 102 and a section of
the mate assist device 150 of the electrical connector
system 100 according to an embodiment of the present
disclosure. The position of the connector housing 102
and the mate assist device 150 relative to each other
corresponds to an unmated state of the connector hous-
ing 102 with the corresponding counter connector hous-
ing (not shown). In the unmated state, the plurality of
teeth 110 and the plurality of teeth 156 are not engaged
with each other. Furthermore, Fig. 2A shows the locking
latch 108 and the portion 112 of the locking latch 108
which are described in the context of Fig. 1A. For sim-
plicity, these two portions are not referenced again in
Figs. 2B and 2C.
[0024] Fig. 2B shows - in a cross section view - a
section of the connector housing 102 and a section of
the mate assist device 150 of the electrical connector
system 100 according to an embodiment of the present
disclosure. The position of the connector housing 102
and the mate assist device 150 relative to each other
corresponds to a mated state of the connector housing
and the corresponding counter connector housing (not
shown). In themated state, the plurality of teeth 110of the
connector housing 102 and the plurality of teeth 156 of
the mate assist device 150 are engaged with each other.
This means that relative movement of the mate assist
device 150 relative to the connector housing 102 is
blocked. Hence, the position of the connector housing
102 and themate assist device 150 relative to each other
may be referred to as a locking position of the electrical
connector systems. The skilled person recognizes that
the two pluralities of teeth 110 and 156 provide different
locking positions. The locking position shown in Fig. 2B is
a position defined solely by design of components of the
electrical connector system 100 and is marked by a
dashed line 200. In other words, the locking position
indicated by the line 200 corresponds to the theoretical
case in which manufacturing tolerances are neglected.
Furthermore, as generally known to the skilled person,
when the first plurality of teeth 110 and the second
plurality of teeth 156 are engaged with each other, the
saw-tooth geometry allows their relative movement with
each other in only one direction and may be regarded as
offering a ratchet-like functionality.
[0025] Fig. 2C shows - in a cross section view - a
section of the connector housing 102 and a section of
the mate assist device 150 of the electrical connector
system 100 according to an embodiment of the present
disclosure. The position of the connector housing 102
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and the mate assist device 150 relative to each other
correspond to the mated state. However, unlike in Fig.
2B, in Fig. 2C manufacturing tolerances are considered.
This results in the locking position of the plurality of teeth
110 and the plurality of teeth 156 being shifted from the
theoretical case indicated by the line 200 to the left-hand
side (counterclockwise). The actual locking position is
marked by a dashed line 202 and its deviation from
theoretical case is indicated by two curved arrows point-
ing respectively to the lines 200 and 202. The locking
position indicated by the line 202 corresponds to the
mated state in which manufacturing tolerances are com-
pensated due to displacement of the mate assist device
150 anticlockwise beyond the line 200. This displace-
ment results in enhanced quality of electrical contact
between respective electrical contact elements (for hold-
ing of which the connector housing 102 and the corre-
sponding counter connector housing are adapted). Due
to integration of the locking means (the first plurality of
teeth 110 and the second plurality of teeth 156) with the
connector housing102and themateassist device150no
additional burden for the user of the electrical connector
system 100 arises - beyond the usual mating of the
connector housing 102 with the mate assist device 150.
[0026] Fig. 2D shows - in a cross section view - a
section of the connector housing 102, a section of the
mate assist device 150 and a section of the correspond-
ing counter connector housing 204 of the electrical con-
nector system 100 according to an embodiment of the
present disclosure. Further, oneof thegear elements154
of the mate assist device 150 and corresponding gear
elements 206 of the counter connector housing 204 are
shown. The displacement between the lines 200 and 202
explained in Fig. 2C results in an angular displacement of
the mate assist device 150 in a counterclockwise direc-
tion which leads to a force acting upon the gear elements
206 as indicated by an arrow 208. This force results in
tightening of the mating state of the connector housing
102 and the counter connector housing 204 along their
mating direction indicated by an arrow 210.
[0027] Fig. 3A shows schematically an initial phase of
an unlocking process of the connector housing 102 and
the mate assist device 150 of the electrical connector
system 100 according to an embodiment of the present
disclosure. Prior to the initial phase of the unlocking
process, the connector housing 102and theirmate assist
device 150 are in the mated state; the first plurality of
teeth 110 and the second plurality of teeth 156 are en-
gaged with each other in their locking position. An arrow
300 indicates a direction of a force to be exerted upon the
portion 112 of the locking latch 108 in order to unlock the
locking means (i.e., to effectuate disengagement of the
first plurality of teeth 110 and the second plurality of teeth
156 fromeach other). This direction is essentially parallel
to teeth flanks carrying engaging forces between the first
plurality of teeth 110and the secondplurality of teeth 156.
[0028] Fig. 3B shows schematically a further phase of
an unlocking process of the connector housing 102 and

the mate assist device 150 of the electrical connector
system 100 according to an embodiment of the present
disclosure. Pressing the portion 112 of the locking latch
108 in the direction explained in Fig. 3A results in disen-
gagement of the first plurality of teeth 110 and the second
plurality of teeth 156 from each other. Thereupon, rotat-
ing themate assist device 150 clockwise - as indicated by
an arrow302 - transitions the electrical connector system
100 to its unmated state.
[0029] Fig. 4A shows - in a three-dimensional view - an
electrical connector system 400 comprising a first con-
nectorhousing402andasecondconnector housing404.
The electrical connector system 400 further comprises
an unlocking arm 406which is accessible and adapted to
be operable (e.g., by the user) to facilitate unlocking the
electrical connector system as explained in conjunction
withFig. 4Bbelow.Unlike theelectrical connector system
100 explained in the context of Figs. 1A, 1B, 2A, 2B, 2C,
2D, 3A and 3B, the electrical connector system400 is not
equipped with any mate assist.
[0030] Fig. 4B shows - in a cross section view - a
section of the electrical connector system 400. The first
connector housing 402 comprises an interface member
408 adapted to (e.g., in a mated state of the electrical
connector system 400) penetrate the second connector
housing 404. The first connector housing 402 further
comprises a first plurality of teeth 410 formed on the
interface member 408. The second connector housing
404 comprises a locking tongue member 412 having a
second plurality of teeth 414 formed thereon. The first
plurality of teeth 410 and the second plurality of teeth 414
composeanembodiment of lockingmeansof the present
disclosure. In the mated state of the electrical connector
system 400 (as shown in Fig. 4B), the first plurality of
teeth 410 and the second plurality of teeth 414 are en-
gaged with each other. Hence, the position of the first
connector housing 402 and the second connector hous-
ing 404 relative to each other may be referred to as a
locking position of the electrical connector system 400.
The skilled person recognizes that the two pluralities of
teeth 410 and 414 provide different locking positions -
similar as the lockingmeans explained above in conjunc-
tion with the electric connector 100. The unlocking arm
406 is arranged such that, when the unlocking arm is
operated (e.g., by the user), the unlocking arm exerts a
force upon the interface member 408 resulting in disen-
gagement of the first plurality of teeth 410and the second
plurality of teeth414 fromeachotherand therebyenables
transition of the electrical connector system 400 to its
unmated state.

Claims

1. An electrical connector system comprising:

a. a connector housing adapted for holding one
or more electrical contact elements,
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b. a mate assist device associated with the
connector housing, and
c. locking means for locking the mate assist
device relative to the connector housing;

characterized in that

d. the locking means comprise a first plurality of
teethassociatedwith the connector housingand
a second plurality of teeth associated with the
mate assist device;
e. wherein the first plurality of teeth and the
second plurality of teeth are adapted to be en-
gaged with each other and thereby to enable
different locking positions of the mate assist
device relative to the connector housing in a
mated state of the connector housing with a
corresponding counter connector housing.

2. An electrical connector system comprising:

a. a first connector housing adapted for holding
one or more electrical contact elements and a
corresponding second connector housing
adapted for holding one or more electrical con-
tact elements, and
b. locking means for locking the two housings
with each other;

characterized in that

c. the locking means comprise a first plurality of
teeth associatedwith the first connector housing
and a second plurality of teeth associated with
the corresponding second connector housing;
d. wherein the first plurality of teeth and the
second plurality of teeth are adapted to be en-
gaged with each and thereby to enable different
locking positions of the first connector housing
relative to the corresponding second connector
housing in a mated state of the electrical con-
nector system.

3. The electrical connector system of claim 1 or 2,
wherein each of the first plurality of teeth and the
second plurality of teeth comprise a saw-tooth geo-
metry.

4. The electrical connector system of any one of the
preceding claims, wherein the first plurality of teeth
and the second plurality of teeth are each respec-
tively arranged in a tooth rack.

5. The electrical connector system of any one of the
preceding claims, wherein the first plurality of teeth
and the second plurality of teeth are adapted to allow
relative movement with each other in only one direc-
tion, when engaged.

6. The electrical connector system of claim 1, wherein
the connector housing comprises a locking latch for
locking themateassist device in thematedstate, and
wherein the first plurality of teeth is provided on the
locking latch.

7. The electrical connector system of claim 2, wherein
the electrical connector system further comprises an
unlocking arm, wherein the unlocking arm is acces-
sible when the two housings are in the mated state,
andwherein theunlockingarm is arrangedsuch that,
when the unlocking arm is operated, the unlocking
arm disengages the first and second plurality of
teeth.

8. The electrical connector system of claim 1, wherein
themate assist device comprises a lever andwhere-
in the second plurality of teeth is provided on the
lever.

9. The electrical connector system of claim 1, wherein
themateassist device comprisesa slider andwhere-
in the second plurality of teeth is provided on the
slider.

10. The electrical connector system of claim 1, wherein
the mate assist device comprises a cam-lever sys-
tem and wherein the second plurality of teeth is
provided on a cam of the cam-lever system.

11. The electrical connector system of any of the pre-
ceding claims, wherein the first and second plurality
of teeth each comprises at least two teeth, preferably
at least three teeth, at least four teeth, or a at least
five teeth.

12. The electrical connector system of any of claims 1 to
10,wherein a number of the first plurality of teeth and
anumberof thesecondplurality of teetharedifferent.

13. The electrical connector system of any of the pre-
ceding claims,wherein thedifferent lockingpositions
are at least two locking positions, preferably at least
three locking positions, at least four locking posi-
tions, or at least five locking positions.

14. The electrical connector system of any of the pre-
ceding claims,wherein thedifferent lockingpositions
are arranged to provide compensation of manufac-
turing tolerances of components of the electrical
connector system.

15. The electrical connector system of any of claim 1,
wherein the electrical connector system further com-
prises the corresponding counter connector hous-
ing.
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