ELECTRICAL CONNECTOR FIELD OF THE INVENTION The present
invention relates to an electrical connector that includes a male connector
part and a female connector part. More particularly the invention relates to
an electrical connector that possesses sensing means able to sense the
mated state of the two parts. BACKGROUND OF THE INVENTION
Electrical connectors including a male connector part and a female
connector part are genﬁﬂﬁ%ﬂfﬁf&({e@d@ﬁ%‘f@ﬁg means to prevent the
two parts from suddenly coming apart when coupled. However, it
sometimes happens that during mating of the two parts, their contact pins
become electrically couplBHRoOsECHBIMEYENINION parts in, for example, a
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surface of the housing 101 with a particular spacing therefrom, in such a
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direction. Provided on the bottom surface of the locking arm 103, that is, the inner surface
that faces the top surface of the housing 101, are a pair of latching protrusions 104F and 104R
into which a flexible latching piece 121 included in the sensing member 120 latches. Further,
the sensing member 120 has a guide portion 122, the flexible latching piece 121 that extends
outward from the guide portion 122, and a gripping portion 123 that rises upward from the rear
edge portion of the guide portion 122.

The sensing member 120 is able, in the state where the bottom surface of its guide
portion 122 is in contact with the top surface of the housing 101 and at least its front end
portion is held between the housing 101 and the locking arm 103, to move back and forth
between a standby position and a sensing position forward of the standby position. Thanks to

this structure, a semi-mated state can be sensed by moving the sensing member during mating



1 of the first and second parts. Similarly, in Patent Publication Nos.
W02004/109866 and W02004/095642, electrical connectors are set forth
in which a locking arm possessing resilience is provided integrally with
the top surface of the housing, locking protrusions are formed on the outer
surface thereof, engaging protrusions are formed on the bottom surface,
and a sensing member (CPA) is inserted into the locking arm's gap. In

of th@"i’i?ﬁ ﬁ&@&&lﬁ%l‘@' connectors set forth in JP-2004-63090-A and Patent
Publication Nos. W02004/109866 and W02004/095642 a lockin
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between the locking arm and the top surface of the housing even
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includes: a first connector part th at as a male housing provided with an
the ity SRRt BoFElSASEh BB tsInG R RSB WPlereof; a second connector part

that has a female housing provided with a portion defining a cavity for

receiving the male hayising; SRPSHMOMEaRS/ g keRses the mated state of

the first and second parts; and Iocklng means that locks the first and
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invention is to provide an electrical connector in which the operations of the sensing means and
locking means are linked, so that mating and locking of the connector parts are reliable.

Another advantage of the present invention is to provide a simple-to-assemble and
more compact electrical connector.

Accordingly, the electrical connector of claim 1 of the present invention includes: a
first connector part that has a male housing provided with an engaging portion on the outer
periphery thereof, a second connector part that has a female housing provided with a portion
defining a cavity for receiving the male housing; sensing means that senses the mated state of
the first and second parts; and locking means that locks the first and second parts in the mated
state at a regular mating position. The locking means is made of a clip member made of a

spring wire-like body and having a first latch portion that latches into the engaging portion of



state at a regular mating position. The locking means is made of a clip
member made of a spring wire-like body and having a first latch portion
that latches into the engaging portion of 2 the male housing and a second
latch portion that latches into the sensing means. The sensing means is
made of a sliding sensing member having a sensing arm made of a
resilient piece provided with an engaging portion that latches into the
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decoupled by the pressing portions’ being pushed.

According to claim 5 of the present invention, in the electrical connector of claim 1,
the sliding sensing member includes a pair of opposed first and second sidewall portions that
contact against the outer periphery of the female housing, and a coupling portion that couples
the first and second sidewall portions, and the sensing arm made of a resilient piece is provided
to the coupling portion.

According to claim 6 of the present invention, in the electrical connector of claim 5,
each of the first and second sidewall portions is provided with a locking portion that inhibits
actuation of the clip member with the first and second connector parts mated in the regular

position.



to the coupling portion. According to claim 6 of the present invention, in
the electrical connector of claim 5, each of the first and second sidewall
portions is provided with a locking portion that inhibits actuation of the clip
member with the first and second connector parts mated in the regular
position. 3 The structures according to the present invention have the
advantages that will now be described. According to the present invention
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engaging portions of the male housing.

According to the present invention as in claim 5, the sliding sensing member has a pair
of opposed first and second sidewall portions that contact against the outer periphery of the
female housing, and a coupling portion that couples the first and second sidewall portions, with
the sensing arm made of a resilient piece being formed on the coupling portion, thanks to which,
the member has a simple structure and is easy to mount to the female housing. Further,
because the sensing arm is constituted of a resilient piece, the resilience thereof can be utilized
to move the sliding sensing member when the first and second connector parts are uncoupled,
and hence there is no need for a special tool to release the arm from the clip member.

According to the present invention as in claim 6, each of the first and second sidewall

portions is provided with the locking portion that inhibits actuation of the clip member when



female housing, and a coupling portion that couples the first and second
sidewall portions, with the sensing arm made of a resilient piece being
formed on the coupling portion, thanks to which, the member has a
simple structure and is easy to mount to the female housing. Further,
because the sensing arm is constituted of a resilient piece, the resilience
thereof can be utilized to move the sliding sensing member when the first
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exterior perspective view of Fig. € ? ed 180 degrees. Fig. 10 (a) Is a
of the femalenaytan et fiomy e et Fig. 9 (a), and Fig. 10 (b) is a

Fig. 9 illustrates the male and female parts mated in the regular position, Fig. 9 (a)
being an exterior perspective view and Fig. 9 (b) being the exterior perspective view of Fig. 9 (a)
rotated 180 degrees.

Fig. 10 (a) is a sectional view cut along line D — D in Fig. 9 (a), and Fig. 10 (b) is a
sectional view cut along line E — E in Fig. 9 (a).

Fig. 11 illustrates the mated state in Fig. 8 from other angles, Fig. 11 (a) being a side
view, Fig. 11 (b) a rear view, and Fig. 11 (c) a sectional view cut along line F — F in Fig. l1 (a).

Fig. 12 is a sectional view cut along line E ~ E in Fig. 9 (a), explicating the separation
of the male and female parts.

Fig. 13 is a sectional view illustrating a related art electrical connector.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
A preferred embodiment of the present invention will now be described with reference

to the drawings. It should be understood however that the embodiment below is merely an



sectional view cut along line E - E in Fig. 9 (a). Fig. 11 illustrates the
mated state in Fig. 8 from other angles, Fig. 11 (a) being a side view, Fig.
11 (b) a rear view, and Fig. 11 (c) a sectional view cut along line F - F in
Fig. 11 (a). Fig. 12 is a sectional view cut along line E - E in Fig. 9 (a),
explicating the separation of the male and female parts. Fig. 13 is a
sectional view illustrating a related art electrical connector. DETAILED
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The female housing has: at the front, an insertion opening 3, into which the housing
of the male part 10 is inserted; at the rear, a tubular outer housing 3 with an opening 3y (see Fig.
5) into which an inner housing 4 is inserted; and in the interior, receiving holes 41 and 42 that
receive the two female contact pins Ty, Ty; and is so configured that the inner housing 4 is
tubular, is inserted into the outer housing 3’s opening 35, and fits over the male housing 11 of
the male part 10 (see Fig. 5).

The outer housing 3’s insertion opening 3, takes a rectangular shape with mutually
opposed short edges and long edges, while its outer periphery is covered by mutually opposed
left and right sidewalls 33 and 34, and top and bottom walls 31 and 32. Also, the outer
housing 3 has a cavity 30 (see Figs. 4 and 5) formed in its interior, the whole being formed as an
insulating plastic molding in a flattened tubular shape. Flat-bottomed slots 33a and 34a are

formed in a roughly central position along the outer periphery of the outer housing 3 in the



The female housing has: at the front, an insertion opening 3A into which
the housing of the male part 10 is inserted; at the rear, a tubular outer
housing 3 with an opening 3B (see Fig. 5) into which an inner housing 4
is inserted; and in the interior, receiving holes 41 and 42 that receive the
two female contact pins T,, T,; and is so configured that the inner housing
4 is tubular, is inserted into the outer housing 3's opening 3B, and fits
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plastic molding, as shown in F 1 and 4 to 6. Receiving holes 41 and 42
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recewmg holes 41 and 42 respectively. One of the latch portions, 41a,
klvhlch Is formed inside receiving hole 41, is not shown in the drawings.
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the BuidPplaihed! snemhnid aneie3TdAne female part 2. To match the shape of the
outer housing 3, the clip member 6 is bent in a plurality of bend portions 6, to 6y, which are
joined by coupling portions 60 to 68. Thus the member is formed as a body resembling a
single spring wire of a particular thickness. The bottom portion 60B of the clip member 6 is
composed of coupling portions 63 to 65 linking the bend portions 6¢ to 6, and is formed to be
curved in such a manner as to latch into the step portion 32, of the bottom 32 of the housing 3.
Among the coupling portions 60 to 68 of the clip member 6, the two end portions 60 and 68 are
the pressing portions. Also, in the coupling portions 62 and 66, which are proximate to and
face the end portions 60 and 68 respectively, there are formed latching protrusions 62, and 66,

that point inward at each other. These latching protrusions 62,, 66, are projected through the



9 are fitted onto the outer periphery of the inner housing 4. Fig. 7

illustrates the clip member in Fig. 1, Fig. 7 (a) being an enlarged

perspective view of the clip member in Fig. 2 and Fig. 7 (b) being a

perspective view from direction X in Fig. 7 (a). The clip member 6 is

wound, in a state in which resilience is imparted thereto, onto the outer

periphery of the outer housing 3 of the female part 2. To match the shape
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As shown in Figs. 2 and 3, the CPA 7 has: an upper plate portion 73 sufficiently large
to cover the top wall 31 of the outer housing 3; side plate portions 71 and 72 sufficiently large to
cover partially the two sidewalls 33, 34 of the outer housing 3; and a bottom portion 75 in
which are formed guide slots 75a and 75b that engage with the guiding tab 31c. The front is
left open as open portion 7,, and the rear is closed over by a rear wall 74. The CPA is formed
as an insulating plastic molding and, viewed directly from the front, is composed of members
arranged more or less in a broad, inverted U-shape.

At the front (in the direction of mating with the male part) of the upper plate portion

73 there is provided a sensing arm 73a which possesses resilience. At the end of this sensing

arm 73a there is formed a latching bar 73a’ that latches into the latching protrusion 67, of the



67A removes the restriction on movement of the CPA 7's latching bar
73a’, to be described later, so that the CPA 7 can be slid in the mating
direction. Since the clip member 6 can be formed by bend-processing of
a single spring wire, it can be fabricated simply, and moreover at low cost,
to match the shape of the outer housing 3. Although in the present
embodiment the shape of the female part 2's section orthogonal to the
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) into which the spring wire-like bod 3/ of the clip member 6 penetrates.
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procdfficiently large to fit over the outer periphery of the inner housing 4, and,
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the tubular seal member 8 and the TPA 9 are inserted through the front of the inner housing 4.
Insertion of the TPA 9 causes the pair of arm pieces 9, 9, of the TPA 9 to push down the latch
portions 41a, 42a inside the receiving holes 41, 42, thereby securing the contact pins Tj, Tj.
Fig. 6 shows the arm piece 9, engaging the latch portion 42a; the engagement of the other arm
piece with the latch portion 41a is omitted. In this way, even if tensile force in the outward
direction is exerted on the wires W, they will not come out. Also, a seal member W, is inserted
through the rear end of the inner housing 4 and seals the spaces around the wires W. Thanks
to this, any water droplets or the like that travel along the wires will not enter into the female
housing interior. The inner housing 4 thus assembled is inserted through the opening 33 in the

rear of the outer housing 3 and secured in place. Such securing is effected via mating into the

tubular portion 35 in which the opening 35 of the housing 3 is formed.



The TPA 9, formed as an insulating plastic molding, has a tubular portion
9a with a through-hole 90 in the interior thereof that is sufficiently large to
fit over the outer periphery of the inner housing 4, and a pair of arm
pieces 91 and 92 that extend outward from the tubular portion 9a to a
certain distance. The arm pieces 91 and 92 perform the function of
securing the contact pins T1, T2, by pushing down the latch portions 41a
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6. FuNHerihd e ghide for albtsi9or d2€oapling the female part 10 and male part 2 will be
described with reference to Figs. 5, 6, and 8 to 12.
I. Prior to connection of the two parts

In the female part 2 prior to being coupled to the male part 10, the latching

protrusions 624, 66, of the clip member 6 project into the cavity 30 via the through-holes 33a’,
33b’ in the outer housing 3, as shown in Fig. 5.  On the other hand, the latching bar 73a’ of the
CPA 7 contacts the latching protrusion 67A of the clip member 6, so that forward motion of the
CPA 7, that is, in the direction of mating with the male part 10, is inhibited and thus the sliding
motion thereof is restricted.

I1. Mating (coupling)

10



the outer housing 3 is inserted into the guide slots 75a, 75b of the CPA 7.
In this way, the CPA 7 is installed so as to be readily slidable in the
front-back direction of the outer housing 3, that is, the direction of mating
with the male part 10, and, thanks to the engaging of the latching bars
31a’, 31b' with the latching step portions 740, 740, is retained in place.
The CPA 7 is slidable between a standby position and a regular mating
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female housing is simple to mold, and both connector parts 2, 10 can be made compact. What
is more, such mounting is simple.

When the female part 2 and the male part 10 are fully mated, the bend portions 6, and
6y of the clip member 6 are fitted into the narrow slots 72A, 72A as shown in Fig. 9, so that
even if the end portions 60, 68 of the clip member 6 are pressed, their movement will be
restricted since they will contact against the side plate portions 71, 72. More precisely, should
it be attempted to push the two end portions 60, 68 toward each other in the directions indicated
by arrows Y; and Y, in Fig. 7 (a), such motion will be restricted, the latching protrusions 624,
66, will not execute any motion away from each other (in the directions of arrows Y, and Yy in
Fig. 7 (a)), and the coupling of the two parts 2, 10 will remain locked. Naturally, movement of
the clip member 6’s latching protrusion 67, will also be restricted, so that the CPA 7 cannot be
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At this point, the latching protrusions 62A, 66A of the clip member 6 are
pushed out through the cavity 30, and simultaneously the latching
protrusion 67A is slid in the direction indicated by Y3 in Fig. 7. When the
latching protrusion 67A moves laterally in this way, the position of contact
between the latching protrusion 67A and the CPA 7's latching bar 73a’
shifts, so that the CPA 7 can be slid in the direction of the male part 10.
slid. The CPA 7 is then slid in such mating direction, following which the
m tchln%g%t S|ons 62A 66A of the clip member 6 enter into the narrow
“sfots ] f 0p5|multaneously the latching protrusion 67A returns to
its oﬁglﬁmspl@stﬂdﬁ strot slegoanbngrsindh o regeisiohl 8 Anddagalgersihitls tagried out
by (6Bl ireacahih@elatehing haid iBaran disHesimategaiom roingrean Warsttion
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s e e B e o 18 e B0 Ring
bar i %M?Paf@tbémﬁél?éwéﬁq&%%ﬁVed’f\ﬂiﬁF%meﬁ?éféﬁ ﬂeb*uﬁmgetract Thus,
wheptverred. iMmilepradidelgpifertitty taahdted, apethtinehofgher Cip bfambensing
arm%%{féy}%&%ﬂéﬂahﬁn@m@&mﬁ K arBERD SRS MO AR e mber 6

arts 2 are mated and_locked reliab { Moreover, mounting of t ECI

dlse’ﬁ%gﬁ BTG HETRRh TS HotrsTiy iS°etha %&W%ﬁbﬁﬁ?@“iﬁetoiﬁéﬁqb@? 6?‘(&) end
portibves 60168 wathslirieeedofativeoteen tike the using Y hppefarersditentionntimijeated by

armm’% L YERUS 2 aRedialy &emﬂl%@@@ﬁe@ebetwmﬁ%tbﬁ)mma@ 625, 661
using. This means thar&I tht%e gzmale ho sm is mg&}o m%

d,

Wﬂl(%%vﬁ&‘:g[@'r pa S 1(5 ¢an'be'id gl((:)(l)]?no act. Whaﬁ S mére Ste 2(61 ) ang asa
resufpef) mﬁh}gni@@mme lyihing metfmmﬁeééané%awdl thisherare fi&mt e nistrngslots
11A,mha1;eﬁ thehandaertinns %tadfrl]g At qfaig @Iaarmﬁrpb@e’d%@te fikediniay, the

tenarr S n in Fig. 9..so that n if the
el R B OFA Lo B B 0 8 2u e R R i sion o7,
is carrélgﬂq%a@ilﬁéélﬁsépevwmb%mfa%@ thgarmsinghargide prhieh pertisiiar poppecial tool
or ke pregisely fehadidisthagienmpted to push the two end portions 60,

68 toward each other in the directions indicated by arrows Y, and Y2 in

Fig. 7 (a), such motion will be restricted, the latching protrusions 62A,

66A will not execute any motion away from each other (in the directions of

arrows YA and YB in Fig. 7 (a)), and the coupling of the two parts 2, 10

will remain locked. Naturally, movement of the clip member 6's latching

protrusion 67A will also be restricted, so that the CPA 7 cannot he 11 slid.

l1l. Decoupling of the two parts As Figs. 10 to 12 show, decoupling of the

male part 12 and female part 2 is carried out by forcibly retracting the

CPA 7 toward the rear of the female part 2. Such forcible retraction is

effected by utilizing the resilience of the sensing arm 73 of the CPA 7 to

cause the latching bar 73a' to move past the latching protrusion 67A of

the clip member 6, and so to retract. Thus,
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when the CPA 7 is pulled and thereby forcibly retracted, and the latching

bar 73a’ of the sensing arm 73 moves past the latching protrusion 67A,

the bend portions 6A, 6H of the clip member 6 disengage from the narrow

slots 72A, 72A, so that it becomes possible to push the two end portions

60, 68 inward toward each other (in the mutually approaching directions

indicated by arrows Y1 and Y2 in Fig. 7 (a)); when such pushing is
Whﬁfi‘@&g’?ﬁlemg latching protrusions 62A, 66A will move away from each

other (in the directions of arrows YA and YB in Fig. 7 (a)), and as a result
L Ageleqeirah eI T8 SRS rotrusions 62A, 66A will withdraw from the

latchirfgssiotsndetgy, gatt' thitthes makdegunsi®, movided thichrmalmgeaind focdonloa an
outePHgﬁﬁhQHttﬂaést way, the disengagement of the CPA 7's latching bar

73a’ and th mtemberE tf] tChWﬂﬁ trusion 67Ad a{[ned out b%

utilizihg the resill ee(n%{apo FE'SERSng &rm ?1Wcﬁvh%a RRRECLislinips 2
cavigpfir rﬂcfh/enﬁléeliismékﬁm%ﬂ%r such disengagement. 12 What is claimed is:
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hav&%‘:lé'ﬁgst“[h‘?é’}{‘ otﬁf%'h' LS RENGS lERD %@eﬁ@&@ﬂg ,Eﬁﬁén' %Fféﬁl&'l'?l&?&'}%@é%ga&nd a
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of atblatitet sbremtoetheee hgaggyspoitign i ssidema ke holisingiesrcbevetdondh an

engal@ﬂ‘%‘ﬂaﬁ'igﬁ’ iR aIdRISheS &t $80R %&t[@ﬁ%ﬁ%ﬁ@ﬁpﬁﬁ%@ﬁ%ﬁlﬂ

means(f made of a slidin egse sm 1ber havmdg ensm
| n en

mad& 8t SRS SN BRI SRS Rt é’tci‘%ﬁnmga

rov
throjyglohle %@memdhepfyﬁtu btrﬁbepemertnb e ahipanezbdrdaid feichedeitiolisiprying

wirelilarbeufesr wal tigraehiveingppovisladewishe w@ﬁﬂﬁeedﬁfhﬁm Guler wall, and said
throu h-hole that s the firs ch rtlon saj rlnto
shdmggeca \ﬁty,t IJ% é aﬁ( 6&0651 Fsalaeéifcg)e ou sqrgi]at?)? r&atmg

e spnn Wll’e OdyO Ip mem er elng m un

diregiinp of spiddlie aRdHeOnferaRAgF ARSI SRfiMGI3spidifiFamisepssagnector
partfitheded| site @0 1Hnch Soifage obf stie aipienendidrstictally with nhatéagaglie ptieion of

sald%ér%'ﬂJ{fﬁﬁg%c??ﬁé)@gggﬁﬂ SEIRLR AT LA OISR MDA IREIN the

connector parts mat the Irst latch portion of said clip member engages

secopghirileParifadth i ‘"r't‘iBH"E}Pb%ld male housing, and the engaging portion
2. To¢ skidrgladngsensiagcondngrerdatchk svhte i éhesgemgdviatdikpbotipefodaid clip

meﬁ@égigmmwpgfngle linear spring wire that is bent into a shape along the outer wall of
said female housing, and said first and second latch portions are provided to the linear spring
wire.
3. The electrical connector according to claim 2, wherein a section of said female housing that
is orthogonal to a longitudinal direction thereof is one of rectangular, elliptical, and circular,
and said clip member is bent into a rectangular, elliptical or circular shape along the female
housing and wound like a coil;

said first latch portion including a pair of opposed first and second protruding
portions that project inward of said clip member; and

said second latch portion including a third protruding portion located on a virtual line
that is orthogonal to another virtual line joining said first and second protruding portions and
projecting outward of said clip member.

4. The electrical connector according to any one of claims 1 to 3, wherein both ends of said clip
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2. The electrical connector according to claim 1, wherein the spring
wire-like body of said clip member is made of a single linear spring wire
that is bent into a shape along the outer wall of said female housing, and
said first and second latch portions are provided to the linear spring wire.
3. The electrical connector according to claim 2, wherein a section of said
female housing that is orthogonal to a longitudinal direction thereof is one

men@ef%@%@l@&l ”@ﬂfpﬁ@@n%%théﬁb‘hﬁf m@f/‘ﬁ@ﬁﬂﬁ ﬁ%‘sﬁ iﬁﬁi@ébh&’idffabﬁrﬁdﬂf&l@ and
rectangular tical or circular, sha the female OL,I INg an

s R Bk S Bl

5. T%é@@e@haopmﬁaamgorém@w@lml projeetinid idng srasip msatbisancludes
a paiiidt sgjdssemdﬂam&warﬁae&mIptﬁmatﬂairebpfmrugﬁngtpﬁémmai@ﬁry of
sald? 1&’%‘{1%! %‘Sn&*}aéolé Pﬂé‘ S8R gat%”ff&‘e% YAl éﬂgdé?&kﬂgﬁ A5 tions,

secon otrud |n ons an ro ectlng outward of sal

and fﬁ@ﬁﬂ@@%&%ﬂé@%ﬁﬁ%ﬁfeﬁwa&w é%?f@?’é‘?ﬁ s aidyrHRing mam  to 3,
6. Thehdrativilatbnanuty af@adinglip dB3nnembarareioficead fivitrpdassing sidewall
portfa%t@pﬁ)mfemm 1Sauch s A0d tﬁspﬁﬂﬂn@tg&uaesm%aﬁﬁ&lp%ﬁ%ﬁ@m%d

second connector parts are decoupled by the pressing portions' being

first ﬁﬂ%ﬁeéan%Cel*ﬁ‘écé?égfﬁ‘@d’f‘%ﬁﬁ’églﬁfeﬁg%ﬁﬂﬂﬂ% claim 1, wherein said
sliding sensing member includes a pair of opposed first and second
sidewall portions that contact against the outer periphery of said female
housing, and a coupling portion that couples said first and second sidewall
portions, and said sensing arm made of the resilient piece is provided to
said coupling portion. 6. The electrical connector according to claim 5,
wherein each of said first and second sidewall portions is provided with a
locking portion that inhibits actuation of said clip member with said first
and second connector parts mated in the regular position. 14
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