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(54) Connector

(57) A holder 2 which holds a FPC 4 is coupled with
a connector 1. The connector 1 includes a female hous-
ing 3 and a terminal metal fitting 14. The female housing
3 houses the terminal metal fitting 14. The terminal met-
al fitting 14 includes a pair of contact pieces 20a and
20b. The holder 2 is inserted in between the pair of con-
tact pieces 20a and 20b. It is assumed that a tempera-
ture change is ∆T, the linear expansion coefficient of the
holder 2 is βa, and the distance between a first fixing
portion C and a contact S is la. It is also assumed that
the linear expansion coefficient of the terminal metal fit-
ting 14 is βb, and the distance between a second fixing
portion and the contact S is lb. Assuming that the elastic

coefficient of the contact piece 20b is k, the static friction
coefficient between the conductor 5 of FPC 4 and ter-
minal metal fitting 14 is µ, and the elastic restoring force
of the contact piece 20b is F,

In this way, even when the terminal metal fitting is down-
sized and formed with multi-poles and low insertion
force of the connector is realized, the connector can be
surely electrically connected to a complementary con-
ductor.

∆T x βa x la - ∆T x βb x lb ≤ 2 x (µ x F/k)
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention relates to a connector used for connection of electric wires.

2. Description of the Related Art

[0002] A motor vehicle which is a moving body includes a great variety of electronic devices. The motor vehicle have
wire harnesses arranged to transfer an electric power and control signal to the electronic devices. The wire harness
includes a plurality of electric wires and a plurality of connectors. The electric wire is a coated wire consisting of a
conductive core and an insulating coating which coats the core.
[0003] The connector includes a conductive terminal metal fitting and an insulating connector housing. The terminal
metal fitting is attached to the end of the electric wire so that it is electrically connected to the core. The connector
housing houses the terminal fitting. The connector housed in the connector housing is connected to the connector of
the electric device to transfer a control signal to the electronic device.
[0004] The terminal metal fitting has been proposed which is provided with a pair of contact pieces sandwiching a
conductor such as a flat circuit body inclusive of an FPC (Flexible Printed Circuit), FFC (Flexible Flat Cable), etc.(see
JP-A-9-63718). In such terminal fittings, with a complementary conductor (terminal fitting) being located on the surface
of the one contact piece, the other contact piece is adapted to urge the.conductor in the complementary connector
toward the one contact piece.
[0005] In the connector, i.e. terminal fittings conventionally employed, the urging force of the other contact piece was
kept above a predetermined value. Further, in the terminal metal fittings, the rigidity of the pair of contact pieces were
increased so that they are difficult to be elastically deformed, thereby sandwiching the complementary conductor be-
tween the pair of contact pieces. The terminal metal fitting intends to prevent the complementary conductor sandwiched
between the contact pieces from being shifted, thereby preventing fretting corrosion from occurring at these contact
points. In this way, the conventional terminal metal fitting was electrically connected to the complementary conductor.
[0006] Meanwhile, the conventional terminal metal fittings were electrically connected to the complementary con-
ductor in such a way that the rigidity of the contact pieces is increased and the urging force thereof is kept above a
predetermined value.
[0007] On the other hand, the motor vehicle with the wire harness arranged therein includes a great variety of elec-
tronic devices. Therefore, there is a tendency that the number of electric wires is increased so that the wire harness
has an increased weight and is upsized.
[0008] In order to suppress the increase in weight and upsizing, the connector accommodated a larger number of
terminal metal fittings (realization of multi-poles of the terminal metal fitting) and downsized the terminal fitting. In order
to facilitate the arrangement of the wire harness, it has been demanded that the force applied when the connector is
coupled with a complementary connector is decreased (realization of low insertion force).
[0009] When the terminal metal fitting is down-sized, it becomes to difficult to assure the urging force over a prede-
termined value and also difficult to surely connect the terminal metal fittings at issue to the complementary conductor.
This may generate the fretting corrosion at the contacts described above. The realization of the multi-poles of the
terminal metal fitting and low insertion force of the connector requires the urging force for a single terminal metal fitting
to be suppressed. This further makes it more difficult to assure the urging force over the predetermined value, and
hence to connect the terminal metal fittings to the complementary conductor. This leads to an increase in the possibility
of fretting corrosion at the contact points described above.

SUMMARY OF THE INVENTION

[0010] An object of this invention is to provide a connector in which terminal metal fitting can be downsized and
formed with multiple-poles, and surely electrically connected to a complementary conductor with no fretting corrosion
even when insertion force is reduced.
[0011] In order to attain the above object, in accordance with this invention, there is provided a connector comprising:

a terminal metal fitting including a supporting portion and an elastic contact portion located apart therefrom within
a cavity, a complementary conductor being located on the surface of the supporting portion, the complementary
conductor being sandwiched between the supporting portion and the elastic contact portion under an elastic re-
storing force urging the complementary conductor toward the supporting portion; and
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a connector housing which houses the terminal metal fitting and is coupled with a complementary insulator sup-
porting the complementary conductor, wherein
a gap is formed between the elastic contact portion and inner face of the cavity, and assuming that the gap is A,
a temperature change acting on the complementary conductor and insulator and the elastic contact portion is ∆T,
a linear expansion coefficient of a union consisting of the complementary conductor and complementary insulator
is βa, a distance between a first fixing portion where the complementary conductor is fixed and a contact between
the complementary conductor and the elastic contact portion is 1a, a linear expansion coefficient of a union con-
sisting of the connector housing and the terminal metal fitting is βb, and a distance between a second fixing portion
where the the terminal metal fitting is fixed and the contact is 1b,

and assuming that the elastic coefficient of the elastic contact portion is k, the static friction between the complementary
conductor and the elastic contact portion is µ and the elastic restoring force of the elastic contact portion is F,

[0012] In the above configuration, since ∆T x βa x 1a - ∆T x βb x 1b ≤ 2 x (µ x F/k) holds, when the acting temperature
changes so that the contact between the elastic contact portion of the terminal metal fitting and the complementary
conductor is about to shift, the elastic contact portion is elastically deformed according to the movement of the contact.
Therefore, even when the acting temperature changes, the elastic contact portion of the terminal metal fitting and the
complementary conductor are shifted relatively from each other at the contact so that the elastic contact portion of the
terminal metal fitting and the complementary conductor are shifted relatively from each other at the contact. Specifically,
where the connector is employed in the wire harness arranged in a motor vehicle, even when the ambient temperature
changes, the elastic contact portion of the terminal metal fitting and the complementary conductor are kept in contact
at the contact. Thus, fretting corrosion can be prevented at the contact between the elastic contact portion of the
terminal metal fitting and the complementary conductor.
[0013] By suppressing the elastic coefficient, i.e. rigidity of the elastic contact portion so that ∆T x βa x 1a - ∆T x βb
x 1b ≤ 2 x (µ x F/k) , the elastic restoring force of the elastic contact portion, i.e. the contact load between the elastic
contact portion and the complementary conductor can be suppressed (reduced). Therefore, even the terminal metal
fitting is downsized and formed with its multi-polarities and the insertion force of the connector is realized, the elastic
contact portion of the terminal metal fitting and the complementary conductor are not shifted relatively from each other,
thereby preventing the fretting corrosion. Thus, the terminal metal fitting of the connector can be surely electrically
connected to the complementary conductor.
[0014] Further, with respect to the gap A between the terminal metal fitting and the inner face of the cavity, A≥ ∆T x
βa x 1a - ∆T x βb x 1b holds. For this reason, the elastic deformation of the elastic contact portion of the terminal metal
fitting is not obstructedby the inner face of the cavity. Thus, the elastic contact portion can be surely elastically deformed
so that the elastic contact portion of the terminal metal fitting and the contact conductor are not shifted relatively from
each other, thereby preventing the fretting corrosion from occurring at the contact between the elastic contact portion
and the complementary conductor.
[0015] It is preferred in the above connector that the conductor is inserted between the supporting member and the
contact portion in a one direction and sandwiched therebetween, and the gap A in a first direction orthogonal to both
the one direction and the elastic restoring force and in a second direction orthogonal to the one direction and along
the elastic restoring force is expressed by

the elastic coefficient k in the respective one direction, the first direction and the second direction is expressed by

[0016] In this configuration, in the one direction of inserting the complementary conductor, first direction orthogonal
to the one direction and second direction orthogonal to both the one direction and the first direction, ∆T x βa x 1a - ∆T
x βb x 1b ≤ 2 x (µ x F/k). For this reason, even when the acting temperature changes, the terminal metal fitting and the

A≥ ∆T x βa x 1a - ∆T x βb x 1b,

∆T x βa x 1a - ∆T x βb x 1b ≤ 2 x (µ x F/k).

A≥ = ∆T x βa x 1a - ∆T x βb x 1b, and

∆T x βa x 1a - ∆T x βb x 1b ≤ 2 x (µ x F/k).
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complementary conductor are not shifted relatively from each other so that the elastic contact portion is elastically
deformed according the movement of the contact between the terminal metal fitting and the complementary conductor.
[0017] Further, the gap A in a first direction orthogonal to both the one direction and the elastic restoring force and
in a second direction orthogonal to the one direction and along the elastic restoring force is expressed by

For this reason, the elastic deformation of the terminal metal fitting is not obstructed by the inner face of the cavity.
[0018] Therefore, even the terminal metal fitting is downsized and with its multi-poles to lower the insertion force of
the connector, the elastic contact portion of the terminal metal fitting can be surely electrically connected to the com-
plementary conductor with no fretting corrosion.
[0019] It is preferred in the connector that the complementary conductor, the complementary insulator and the electric
wire connected to the complementary conductor constitute a complementary member, and assuming that the accel-
eration which acts on the complementary member along the second direction is a1 and the mass of the complementary
member is m,

the elastic restoring force F of the elastic contact portion is expressed by

[0020] In this configuration, even when the acceleration a1 in the second direction acts on the complementary mem-
ber, the complementary member is not relatively shifted between the supporting portion and the elastic contact portion
of the terminal metal fitting. Further, the complementary member can be continuously sandwiched between the sup-
porting portion and elastic contact portion of the terminal metal fitting.
[0021] Thus, the terminal metal fitting and the complementary conductor are not shifted relatively from each other
at the contact so that the contact is not displaced. Accordingly, where the connector is employed in the wire harness
arranged in the motor vehicle, even when the acceleration a1 acts in the second direction, the terminal metal fitting
and the complementary conductor are not shifted relatively from each other at the contact so that they are kept in
contact with each other. The connector according to this invention can prevent the elastic contact portion of the terminal
metal fitting and the complementary conductor from being move relatively from each other at the contact, thereby surely
connecting the elastic contact portion of the terminal metal fitting to the complementary conductor with no fretting
corrosion.
[0022] It is preferred in the connector that the complementary conductor, the complementary insulator and the electric
wire connected to the complementary conductor constitute a complementary member, and assuming that the accel-
eration which acts on the complementary member along a direction orthogonal to the second direction is a1 and the
mass of the complementary member is m,

the elastic restoring force F of the elastic contact portion is expressed by

[0023] In this configuration, since F > m x a2/µ holds, even when the acceleration a2 orthogonal to the second
direction acts on the complementary member, the complementary conductor is not relatively shifted between the sup-
porting portion and the elastic contact portion. Further, the complementary member can be continuously sandwiched
between the supporting portion and elastic contact portion of the terminal metal fitting.
[0024] Thus, the terminal metal fitting and the complementary conductor are not shifted relatively from each other
at the contact so that the contact is not displaced. Accordingly, where the connector is employed in the wire harness
arranged in the motor vehicle, even when the acceleration a1 acts in the second direction, the terminal metal fitting
and the complementary conductor are not shifted relatively from each other at the contact so that they are kept in
contact with each other. The connector according to this invention can prevent the elastic contact portion of the terminal
metal fitting and the complementary conductor from being move relatively from each other at the contact, thereby surely
connecting the elastic contact portion of the terminal metal fitting to the complementary conductor with no fretting
corrosion.
[0025] In the connector according to this invention, the rigidity of the terminal metal fitting is reduced so that the
elastic contact portion can be easily deformed. Even when the contact between the elastic contact portion and the
complementary conductor is tends to be displaced, the elastic contact portion is elastically deformed correspondingly
so that the elastic contact portion and the complementary conductor are kept in contact with each other at the contact.

A≥ ∆T x βa x 1a - ∆T x βb x 1b

F > m x a1.

F > m x a2/µ.
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Namely, the elastic contact portion and the complementary conductor are prevented from being relatively shifted from
each other at the contact so that the contact is not displaced.
[0026] Further, in this invention, a gap is located between the elastic contact portion and the inner face of the cavity
so that the elastic contact portion can be elastically deformed in the gap. Namely, the elastic contact portion is deformed
so that the contact between the elastic contact portion and the complementary conductor can be prevented from being
displaced, thereby preventing the fretting corrosion.
[0027] For example, even when there is a relative movement between the terminal metal fitting and the complemen-
tary conductor owing to a difference in their thermal expansion coefficient and acceleration acts on the complementary
member including the complementary conductor, the elastic contact portion is elastically deformed correspondingly. In
this way, by suppressing (reducing) the rigidity of the elastic contact portion, the elastic restoring force of the elastic
contact portion, i.e. the contact load between the elastic contact portion and the complementary conductor can be
suppressed (reduced). Further, even when the terminal metal fitting is down-sized and formed with multi-poles and
low insertion force of the connector is realized, the connector can be surely electrically connected to a complementary
conductor.
[0028] For example, a terminal metal fitting 14 shown in Fig. 9 is accommodated in a terminal chamber which is a
cavity of a connector housing. The connector housing is attached to a printed wiring board. The terminal metal fitting
14 is electrically connected to a conductor of FPC supported at its end by a holder which fits in the connector housing.
[0029] The FPC, when arranged in a motor vehicle, is secured to a vehicle body panel by a known wiring clip. The
FPC from the wiring clip to the end and the holder which holds the end of the FPC constitutes a complementary member
100 in Fig. 10.
[0030] In Figs. 10, 13 and 14, the holder and FPC which constitute the complementary member 100 are illustrated
as a rectangular solid. The conductive portion of the FPC supported by the holder constitutes a complementary con-
ductor and the holder which is an insulator constitutes a complementary insulator. The FPC constitutes a complemen-
tary electric wire electrically connected to the conductor of the FPC.
[0031] The terminal metal fitting 14 is made of e.g. a metallic plate. The terminal fitting 14 integrally includes a first
electric contact portion 18 and a second electric contact portion 19. The first electric contact portion 18 is formed in a
shape of plate. The first electric contact portion 18 is fixed to a printed wiring plate. The first electric contact portion
18, when the terminal fitting 14 is accommodated in the terminal chamber, is electrically connected to the conductor
pattern on the printed wiring board. The first electric contact portion 18, i.e. portion (hereinafter referred to as a second
fixing portion) where the terminal metal fitting 14 is fixed to the printed wiring board is indicated by symbol D.
[0032] The second electric contact portion 19 is electrically connected to the conductor of the FPC of the comple-
mentary member 100. The second electric contact portion 19 is composed of a pair of contact pieces 20. The pair of
contact pieces 20 each of which are formed in a shape of rod are arranged in parallel apart from each other. The one
end of each of the pair of contact pieces 20 is communicated with the first electric contact portion 18. The holder in
the complementary member 100 and conductor of FPC supported by the holder are inserted in between the pair of
contact pieces 20.
[0033] On the surface of the one contact piece 20 (hereinafter referred to as 20a) , the conductor of the FPC supported
by the holder 100 in the complementary member 100 is located, which is sandwiched between the one contact piece
20a and the other contact piece 20 (hereinafter referred to as 20b). The other contact piece 20b is equipped with a
contact projection 21 which is convex toward the one contact piece 20a. In claims, the one contact piece 20a is defined
as a supporting portion, whereas the other contact piece 20b is defined as an elastic contact portion.
[0034] When the holder of the complementary member 100 and the conductor of the FPC supported by the holder
are inserted between the one contact piece 20a and the other contact piece 20b, the contact projection 21 comes in
contact with the conductor of the FPC supported by the holder, and the other contact piece 20b urges the conductor
of the FPC supported by the holder toward the one contact piece 20a in a direction of arrow Z in Fig. 9.
[0035] Specifically, in a state where the elastic restoring force F has been generated which urges the conductor of
the FPC toward the one contact piece 20a, the FPC is sandwiched between the one contact piece 20a and the other
contact piece 20b. The contact projection 21 comes in contact with the conductor of the FPC so that a contact S
between the other contact piece 20b and the conductor of FPC, i.e. between the terminal metal fitting S and the com-
plementary member 100 is generated at the tip of the contact projection 21.
[0036] The conductor of the FPC supported by the holder is inserted in between the pair of contact pieces 20a and
20b in a direction of arrow X in Fig. 9. The direction of arrow X agree with the longitudinal direction of the contact pieces
20a and 20b which is the one direction in claims. The direction of the elastic restoring force F of the other contact piece
20b is orthogonal to the direction of arrow X.
[0037] The holder is fixedly fit in the connector housing which houses the terminal metal fitting 14. The holder, i.e.
portion (hereinafter referred to as a first fixing portion) where the complementary member is fixed to the connector
housing is indicated by symbol C. Incidentally, at the first fixing portion C, the conductor of the FPC is fixed to the
connector housing through the holder. In Fig. 10, the first fixing portion C is arranged at the extreme end of the com-
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plementary member 100 which is a rectangular solid.
[0038] The total linear expansion coefficient of the terminal metal fitting 14 and the connector housing is different
from that of the holder and FPC in the complementary member 100. When the temperature which acts on the terminal
metal fitting 14 and connector housing, and on the holder and EPC of the complementary member 100 changes, the
degrees of expansion are different in both.
[0039] The terminal metal fitting 14, and holder and conductor of FPC are schematically illustrated in Fig. 11. Fig.
11A shows the state before the temperature changes and Fig. 11B shows the state after the temperature has changed.
In Figs. 11A and 11B, symbol A refers to the union of the holder and conductor of the complementary member 100 and
symbol B refers to the union of the terminal metal fitting 14 and connector housing.
[0040] The displacement in the direction of arrow X between the respective contact points S1 and S2 of the holder
and conductor of FPC and the metal fitting 14 is represented by W, and the temperature change is represented by ∆T.
The linear expansion coefficient of the union of the holder and conductor of FPC of the complementary member 100
in the direction of arrow X is represented by βa. The distance between the fixing portion C and the above contact S of
the union of the holder and conductor of FPC of the complementary member 100 in the direction of arrow X is repre-
sented by 1a (represented by lax in Fig. 10).
[0041] The linear expansion coefficient of the union of the terminalmetal fitting 14 and connector housing is repre-
sented by βb. The distance between the second fixing portion D and the above contact S in the direction of arrow X is
represented by 1b (represented by lbx in Fig. 10). In this case, the following Equation (1) holds.

[0042] The state where the conductor of the FPC held in the holder of the complementary member 100 has been
inserted between the pair of contact pieces 20a and 20b as shown in Fig. 10 can be illustrated as a model as shown
in Fig. 12. In Fig. 12, symbol A denotes the holder of the complementary member 100 and the conductor of the FPC.
Symbol B denotes the terminal metal fitting 14 and connector housing. Symbol C denotes a spring which is equivalent
to the other contact piece 20b which can be elastically deformed. The spring coefficient k of the spring C is equal to
the elastic coefficient k of the other contact piece 20b in the direction of arrow X. The spring C is elastically deformed
which makes displaceable the contact S between the complementary member 100, i.e. conductor of the FPC and the
terminal metal fitting 14. In the state shown in Fig. 12, the spring C which serves as the other contact piece 20b urges
the terminal metal fitting 14 with an elastic restoring force F.
[0043] When the conductor of FPC, i.e. complementary member 100 and the terminal metal fitting 14 are about to
move relatively, in order that they are immobile relatively, the condition represented by the following Equation (2) must
be satisfied. In Equation (2), µ represents the static friction coefficient between the terminal metal fitting 14 and the
conductor of FPC and a represents the amplitude of the relative movement.

[0044] The displacement W between the contacts S1 and S2 and the above amplitude a satisfies the relationship
represented by Equation (3).

[0045] According to Equations (1) to (3), in order that the contact between the terminal metal fitting 14 and the
conductor of FPC is not displaced (the terminal metal fitting 14 and conductor of FPC are not shifted relatively at the
contact S) when the temperature which acts on the terminal metal fitting 14, FPC, etc. changes by ∆T, the following
relationship represented by Equation (4) must be satisfied.

[0046] If the elastic coefficient k and elastic restoring force F of the other contact piece 20b and other components

W = ∆T x βa x 1a - ∆T x βb x 1b (1)

k x a ≤ µ x F

a ≤ µ x F/K (2)

W = 2 x a (3)

∆T x βa x 1a - ∆T x βb x 1b ≤ 2 x (µ x F/k) (4)
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satisfy the above Equation (4), the terminal metal fitting 14 and conductor of FPC are not shifted relatively, but the
other contact piece 20b is deformed with the movement of the contact S. If the above Equation holds, where the
connector is employed in the wire harness arranged in a vehicle, even when the ambient temperature changes by ∆T,
the other contact piece 20b and conductor of FPC are not shifted relatively from each other at the contact S, the other
contact piece 20b and conductor of FPC can be kept in contact with each other at the contact S.
[0047] The elastic coefficient k is proportional to the elastic restoring force F. Therefore, by suppressing (reducing)
the elastic coefficient k, i.e. rigidity of the terminal metal fitting 14, the elastic restoring force F, i.e. contact load between
the terminal metal fitting 14 and conductor of FPC can be suppressed (reduced). At this time, the contact S, i.e. the
contact piece 20b of the terminal metallic fitting 14 is displaced by the displacement W in Equation (1).
[0048] The above displacement Wand amplitude a are those in the direction of arrow X. However, the displacement
W and amplitude a in the direction of arrow Y (Fig. 9) which is orthogonal to both arrow X and elastic restoring force
F satisfy the relationships in Equations (1) to (4). In this case, reference symbol 1a (symbol lay in Fig. 10) denotes the
distance between the first fixing position C of the union of the holder of the complementary member 100 and the
conductor of FPC in the direction of arrow Y, and the above contact S. Reference symbol 1b (symbol lby in Fig. 10)
denotes the distance between the second fixing position D in the direction of arrow Y and the second fixing contact S.
[0049] Further, the displacement W and amplitude a in the direction of arrow Z (Fig. 9) which is orthogonal to the
arrow X and along the elastic restoring force F) also satisfy the relationships represented by Equations (1) to (4). In
this case, reference symbol 1a (symbol laz in Fig. 10) denotes the distance between the first fixing position C of the
union of the holder of the complementary member 100 and the conductor of FPC in the direction of arrow Z, and the
above contact S. Reference symbol 1b (symbol lbz in Fig. 10) denotes the distance between the second fixing position
D in the direction of arrow Z and the second fixing contact S.
[0050] The direction of arrow Y represents the first direction defined in claims and the direction of arrow Z represents
the second direction defined in claims.
[0051] Further, as shown in Fig. 13, in the state where the holder of the complementary member 100 and the con-
ductor of FPC supported by the holder are sandwiched between the pair of contact pieces 20a and 20b, the acceleration
a1 along the elastic restoring force F may act on the holder of the complementary member 100 and the conductor of
FPC supported by the holder. In this case, in order that the other contact piece 20b and the conductor of FPC are not
shifted relatively but kept in contact with each other, assuming that the mass of the union of the holder and FPC is m,
the relationship represented by the following Equation (5) must be satisfied. Incidentally, the mass m is that of the union
of the FPC (which extends from the wiring clip which clips the FPC to the end of the FPC) and the holder which holds
the end of the FPC.

[0052] Therefore, if the above Equation (5) holds, the complementary member 100 is not shifted relatively to the
contact pieces 20a and 20b therebetween. In addition, if the above Equation (5) holds, the complementary member
100 remains sandwiched between the pair of contact pieces 20a and 20b of the terminal metal fitting 14. Therefore, if
Equation (5) holds, the contact S between the terminal metal fitting 14 and conductor of FPC will not be displaced.
Specifically, where the connector is employed in the wire harness arranged in a vehicle, even when the acceleration
al in the direction of arrow Z acts, the other contact piece 20b and conductor of FPC are not displaced relatively at the
contact S, but the other contact piece 20b and conductor of FPC can be kept in contact with each other at the contact S.
[0053] Further, as shown in Fig. 14, in the state where the holder of the complementary member 100 and the con-
ductor of FPC supported by the holder are sandwiched between the pair of contact pieces 20a and 20b, the acceleration
a2 orthogonal to the elastic restoring force F may act on the holder of the complementary member 100 and the conductor
of FPC supported by the holder. In this case, in order that the other contact piece 20b and the conductor of FPC are
not shifted relatively but kept in contact with each other, assuming that the mass of the union of the holder and FPC
is m, the relationship represented by the following Equation (6) must be satisfied.

[0054] Therefore, if the above Equation (6) holds, the complementary member 100 is not shifted relatively to the
contact pieces 20a and 20b between the contact pieces 20a and 20b. In addition, if the above Equation (6) holds, the
complementary member 100 remains sandwiched between the pair of contact pieces 20a and 20b of the terminal metal
fitting 14. Therefore, if Equation (6) holds, the contact S between the terminal metal fitting 14 and conductor of FPC
will not be displaced. Specifically, where the connector is employed in the wire harness arranged in a vehicle, even
when the acceleration a2 in the direction of arrow Z acts, the other contact piece 20b and conductor of FPC are not

F > m x a1 (5)

F > m x a2/µ (6)
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shifted relatively from each other at the contact S, the other contact piece 20b and conductor of FPC can be kept in
contact with each other at the contact S.
[0055] The above distances lax, lay and laz are the distances between the first fixing position C and the contact S
in the directions of arrows X, Y and Z. These distances lax, lay and laz can be changed by shifting the first fixing position
C where the conductor of FPC of the complementary conductor is fixed to the connector housing. These distances lax,
lay and laz can be also changed by fixing the conductor of FPC of the complementary conductor to the member other
than the connector housing. Namely, the distances lax, lay and laz can be changed by changing the position or member
where the complementary conductor is fixed: In short, in this invention, the distances lax, lay and laz may be the
distances between the position where the complementary conductor is fixed to any member such as the connector
housing, and the contact S between the elastic contact piece of the terminal metal fitting 14 and the complementary
conductor.
[0056] The above distances lbx, lby and lbz are the distances between the second fixing position C and the contact
S in the directions of arrows X, Y and Z. These distances lbx, lby and lbz can be changed by shifting the second fixing
position D where the terminal metal fitting 14 is fixed to the printed circuit board. These distances lbx, lby and lbz can
be also changed by fixing the terminal metal fitting 14 to the other member than the printed circuit board, such as the
connector housing. Namely, the distances lax, lay and laz can be changed by changing the position or member where
the terminal metal fitting is fixed. In short, in this invention, the distances lbx, lby and lbz may be the distances between
the position where the terminal metal fitting is fixed to any member such as the connector housing or printed circuit
board, and the contact S between the elastic contact piece of the terminal metal fitting and the complementary con-
ductor.
[0057] The above and other objects and features of the invention will be more apparent from the following description
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0058]

Fig. 1 is a perspective view of the state where a connector equipped with a terminal metal fitting according to an
embodiment of this invention is fit in a holder.
Fig. 2 is a perspective view of the state where the connector and holder shown in Fig. 1 are separated from each
other.
Fig. 3 is a plan view of the connector fit in the holder shown in Fig. 1.
Fig. 4 is a sectional view taken in line IV - IV in Fig. 2.
Fig. 5 is a sectional view taken in line V - V in Fig. 2.
Fig. 6 is a sectional view taken in line VI - VI in Fig. 2.
Fig. 7 is a sectional view taken in line VII - VII in Fig. 2.
Fig. 8 is a sectional view taken in line VIII - VIII in Fig. 2.
Fig. 9 is a perspective view of a terminal metal fitting according to this invention.
Fig. 10 is a schematic perspective view of the state where a complementary member is sandwiched between a
pair of contact pieces of the terminal metal fitting according to this invention.
Fig. 11A is a view showing the state before the temperature which acts on the terminal metal fitting shown in Fig.
10 and the complementary member changes.
Fig. 11B is a view showing the state after the temperature which acts on the terminal metal fitting shown in Fig.
10 and the complementary member has changed'.
Fig. 12 is a view showing the state where the terminal metal fitting shown in Fig. 10 is elastically deformed.
Fig. 13 is a side view of the state where an acceleration acts on the complementary member sandwiched between
the contact pieces of the terminal metal fitting.
Fig. 14 is a side view of the state where another acceleration acts on the complementary member sandwiched
between the contact pieces of the terminal metal fitting.
Fig. 15 is a perspective view of a female terminal and other elements in a modification of this invention.
Fig. 16 is a sectional view taken in line XVI-XVI in Fig. 15.
Fig. 17 is a section view taken in line XVII-XVII in Fig. 16.
Fig. 18 is a plan view of the state where the female terminal shown in Fig. 15 is housed in a male housing and a
tab of the electric contact of a male terminal is inserted in a cylinder.
Fig. 19 is a sectional view taken in line XIX-XIX in Fig. 18.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0059] Now referring to Figs. 1 to 8, an explanation will be given of a connector according to an embodiment of this
invention.
[0060] A connector 1, as shown in Fig. 5, includes a female connector housing (hereinafter referred to as a female
housing) which serves as a connector housing and a terminal metal fitting 14. With the terminal metal fitting 14 housed
in the female housing 3, the connector 1, as shown in Fig. 1 is fit in a holder 2.
[0061] The holder 2, as shown in Figs. 1 to 3, serves to support the end of the FPC (Flexible Printed Circuit) 4 which
serve electric wires.
[0062] The FPC 4 is formed as a flat circuit body. The flat circuit body is formed in a shape of a flat belt composed
of a plurality of conductors and insulating coatings which coat the conductors. Specifically, as shown in Fig. 4, a plural
of conductors 5 and a pair of insulating sheets 6 which coat the conductors 5. The conductors 5 are square in shape,
and extend in one direction. The plurality of conductors 5 are in parallel to each other and arranged in a direction of
arrow Y.
[0063] The pair of insulating sheets 6 are made of insulating synthetic resin and formed in a shape of belt. The pair
of insulating sheets 6 sandwich the plurality of conductors therebetween so as to coat them. At the end of the end 4a
of the FPC 4, as shown in Figs. 7 and 8, one of the pair of insulating sheets 6 is removed so that the conductor 5 is
exposed. The FPC 4 is assembled in a wire harness. Where the FPC is arranged in a motor vehicle, as shown in Fig.
3, it is fixed to a body panel 31 of the motor vehicle by means of a wiring clip 30.
[0064] The holder 2 is made of insulating synthetic resin, and elastically deformable. The holder 2, as shown in Fig.
7, integrally includes a pair of walls 7 in parallel to each other and a coupling wall 8 coupling the one ends of these
walls 7, and formed in a U shape when viewed from the side.
[0065] The pair of walls 7 are formed in a square shape in its plan. The pair of walls 7 are formed as plates. The pair
of walls 7 are superposed apart from each other.
[0066] At the inner face 7a of one of the pair of walls 7 and coupling wall 8, a locking hole 13 is formed as a fitting/
receiving portion. The inner face 7a is a face of the one wall 7 opposite to the other wall 7. As seen from Fig. 7, the
locking hole 13 is formed so as to be concave from the inner face 7a of the one wall 7, and does not penetrate through
the one wall 7. The locking hole 13 penetrates through the coupling wall. The locking hole 13 is formed at the center
in a longitudinal direction of the walls 7 of the holder 2, i.e. widthwise direction of the FPC 4. In the locking hole 13, an
engagement protrusion 25 of the female housing is fitted.
[0067] At the outer face 7b of the other wall 7, with the insulating sheets 6 superposed, the end 4a of the FPC 4 is
formed. In this way, the holder 2 supports the end 4a of the FPC 4.
[0068] The holder 2 and the portion 4b of the FPC 4 which ranges from the position where it is fixed to a body panel
31 by a wiring clip 30 to the above end 4a (Fig. 3) constitute a complementary member 100 defined in claims. The
portion of the conductor 5 supported by the holder 2 constitutes a complementary conductor defined in claims. The
FPC 4 constitutes a complementary electric wire defined in claims, which is electrically connected to the conductors
5 which are the complementary conductor. The holder 2 constitutes a complementary insulator defined in claims, which
supports the conductors 5 of the FPC 4 and is fit in the female housing 3. In this way, the complementary member 100
includes the conductors 5 of the FPC 4 which serve as the complementary conductor, holder 2 which serves as the
complementary insulator and FPC 4 which serves as the complementary electric wire.
[0069] When the holder 2 is coupled with the female housing 3, the inner face 8a of the coupling wall 8 of the holder
2 is brought into contact with the female housing 3. Therefore, the holder 2, i. e. complementary member 100 is fixedly
coupled with the female housing 3 at the inner face 8a of the coupling wall 8. Thus, when the female housing 3 and
holder 2 are coupled with each other, on the inner face 8a, the portion (symbol C in Fig. 8, first fixing portion) where
the holder 2 is fixed to the female housing 3 is formed.
[0070] The female housing 3 is made of synthetic resin. The female housing 3 is formed in a shape of a flat box. The
female housing 3, as shown in Figs. 5 and 8, includes a terminal chamber 9 where the terminal metal fitting 14 is
housed and an engagement protrusion 25. A plurality of terminal chambers 9 are arranged to extend linearly as shown
in Fig. 6 in a direction of arrow Y. The plurality of terminal chambers are in parallel to one another. The female housing
3 houses the plurality of terminal metal fittings 14 accommodated in the terminal chambers 9, respectively. Namely,
the plurality of terminal metal fittings 14 are arranged in a direction of arrow Y. The terminal chamber 9 constitutes a
cavity defined in claims. The engagement 25 protrudes from the outer face of the female housing 3.
[0071] The female housing 3, as shown in Figs. 1 to 3, 5 and 8, is attached to a printed circuit board 15. The printed
wiring board 15, as shown in Figs. 1 to 3, 5 and 8, includes a base plate 16 of insulating synthetic resin and a conductor
pattern 17 formed on the surface of the base plate 16. The conductor pattern 17 is made of a conductive metal such
as copper, and formed as a thin film. The conductor pattern 17 is applied on the surface of the base plate 16.
[0072] The terminal metal fitting 14, as shown in Figs. 5 and 6, is accommodated in the terminal chamber 9 of the
female housing 3. When the female housing 3 is attached to the printed circuit board 15, the terminal metal fitting 14
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is electrically connected to the conductor pattern 17. The plurality of terminal metal fittings 14 are housed in the female
housing 3 so that they are arranged in a direction of arrow Y. As shown in Figs. 5 and 8, the terminal metal fitting 14
includes a first electric contact portion 18 and a second electric contact portion 19 which are integral to each other.
The terminal metal fitting 14 is made of a conductive metallic sheet.
[0073] The first electric contact portion 18 is formed in a shape of plate. The first electric contact portion 18 is fixed
to the printed circuit board 15. When the terminal metal fitting 14 is housed in the female housing 3 and the female
housing 3 is attached to the printed circuit board, the first electric contact portion 18 is electrically connected to the
conductor pattern 17 of the printed circuit board 15. The portion (hereinafter referred to as a second fixing portion)
where the first electric contact portion 18, i. e. , terminal metal fitting 14 is fixed to the printed circuit board 15 is indicated
by symbol D in Fig. 5 and others).
[0074] The second electric contact portion 19 includes a pair of contact pieces 20 in parallel to and apart from each
other. The pair of contact pieces 20 are formed in a rod shape, and their one end communicates with the first electric
contact portion 18. The contact pieces 20 extend in the same direction from the first electric contact portion 18. The
holder 2 and conductor 5 of the FPC 4 with the end 4a supported by the holder 2 are inserted in between the pair of
contact pieces 20 in a direction of arrow X in Fig. 5 which is the longitudinal direction of the contact pieces 20. The
direction of arrow X is defined by the one direction in claims.
[0075] On the surface of the one contact piece 20 (hereinafter referred to as 20a) , the conductor o.f the FPC sup-
ported by the holder 100 in the complementary member 100 is located, which is sandwiched between the one contact
piece 20a and the other contact piece 20 (hereinafter referred to 20b). The other contact piece 20b is equipped with
a contact proj ection 21 which is convex toward the one contact piece 20a. When the contact protrusion 21 is brought
into contact with the conductor 5, the second electric contact portion 19, i.e. terminal metal fitting 14 is electrically
connected to the FPC 4.
[0076] The other contact piece 20b is elastically deformable in a direction of the contact protrusion 21 approaching/
leaving the one contact piece 20a. When the contact protrusion 21 is brought into contact with the FPC 4 supported
by the holder 2 and sandwiched between the pair of contact pieces 20a and 20b, the other contact piece 20b generates
the elastic restoring force F (Fig. 8) in a direction of arrow Z (Fig. 5) to urge the FPC 4 toward the one contact piece
20a. Namely, the direction of arrow Z is orthogonal to the direction of arrow X. The direction of arrow Z is defined as
the second direction in claims. When the contact protrusion 21 is brought into contact with the conductor 5 of the FPC
4, at the tip of the contact protrusion 21, a contact S (Fig. 8) between the other contact piece 20b and the conductor
5 of the FPC 4, i.e. a contact between the terminal metal fitting 14 and the complementary member 100 is formed.
[0077] The one contact piece 20a is defined as a supporting portion in claims and the other contact piece 20b is
defined as an elastic contact portion in claims.
[0078] When the female housing 3 and the holder 2 are coupled with each other, the second electric contact portion
19 is electrically connected to the conductor 5 of the FPC 4. The first electric contact portion 18 is electrically connected
to the conductor pattern 17 on the printed circuit board. Thus, the terminal metal fitting 14 connects the conductor 5
of the FPC 4 and the conductor pattern 17 on the printed circuit board 15.
[0079] With the terminal metal fitting 14 accommodated in the terminal chamber 9 of the female housing 3 of the
connector having the configuration described above, as shown in Fig. 2, the opening of the female housing 3 is faced
with the edges of the walls 7 of the holder 2 on the side apart from the coupling portion 8. At this time, the terminal
metal fitting 14 accommodated in the female housing 3 is fixed to the printed circuit board 15 at the second fixing
portion D.
[0080] The other wall 7 of the holder 2 is inserted into the female housing 3. Thereafter, the engagement protrusion
25 of the female housing 3 is fit into the locking hole 13 of the holder 2 so that the connector 1 is coupled with the
holder 2 as shown in Figs. 1 and 8. The terminal metal fitting 14 sandwiches the holder 2 and the FPC 4 with the end
4a held thereby between the pair of contact pieces 20a and 20b. Further, the connector housing 3 is brought into
contact with the inner face 8a of the coupling portion 8 of the holder 2 so that the first fixing portion C described above
is formed.
[0081] As shown in Figs. 5 and 6, with the terminal metal fitting 14 accommodated in the terminal chamber 9, the
connector 1 provides a gap Ax, Ay, Az between the other contact piece 20b of the terminal metal fitting 14 and the
inner face 9a of the terminal chamber 9. The gap Ax designates an interval between the other contact 20b of the
terminal metal fitting 14 and the inner face 9a of the terminal chamber 9 in the direction of arrow X.
[0082] The gap Ay designates an interval between the other contact piece of the terminal metal fitting 14 and the
inner face 9a of the terminal chamber 9 in the direction of arrow Y in Fig. 6 which is orthogonal to both the direction of
arrow X and the elastic restoring force F. The direction of arrow Y is defined as the first direction in claims.
[0083] The gap Az designates an interval between the other end of the other contactpiece 20b of the terminal metal
fitting 14 and the inner face 9a of the terminal chamber 9 in the direction of arrow Z in Fig. 6.
[0084] The linear expansion coefficient of the union of the holder and conductor 5 of FPC 4 in the direction of arrow
X is represented by βax. The distance between the first fixing portion C of the union of the holder and conductor of
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FPC and the above contact S in the direction of arrow X is represented by lax. The linear expansion coefficient of the
connector 1 which is the union of the female housing 3 and the terminal metal fitting 14 in the direction of arrow X is
represented by βbx. The distance between the second fixing portion D of the connector 1 which is the union of the
female housing 3 and terminal metal fitting 14 and the above contact S in the direction of arrow X is represented by
lbx (Fig. 8). The change in temperature which acts on the connector 1 and holder 2 is represented by ∆T. The gap Ax
satisfies the following
Equation 7

[0085] Likewise, in the directions of arrows Y and Z, the linear expansion coefficients of the union of the holder and
conductor of FPC are represented by βay and βaz, respectively. The distance between the fixing portion C S of the
union of the holder and conductor of FPC and the above contact in the direction of arrow Z is represented by laz (Fig.
8). The distance between the first fixingportion C in the same section as the one conductor 5 (referred to as 5a) of the
plurality of conductors 5 of the FPC, and the contact S between each conductor 5 and terminal metal fitting 14 in the
direction of arrow Y in the direction of arrow Y is represented by lay (Fig. 3).
[0086] In the directions of arrows Y and Z, the linear expansion coefficients of the connector 1 which is the union of
the female housing 3 and terminal metal fitting 14 are represented by βby and βbz, respectively. The distance between
the second fixing portion D of the connector 1 which is the union of the female housing 3 and terminal metal fitting 14
and the above contact S in the direction of arrow Z is represented by lbz (Fig. 8). The distance between the second
fixing portion D of the one (referred to as 14a)of the plurality of terminal metal fittings 14 and the contact S between
each terminal metal fitting 14 and conductor 5 in the direction of arrow Y is represented by lbx (Fig. 3). The one conductor
5a and the terminal metal fitting 14a which are employed as the standard to define the above distances lay and lby
are preferably in contact with each other, or electrically connected to each other.

[0087] As understood from the above Equations (7) to (9) and Equation (1), the above Ax, Ay and Az are not smaller
than the relative displacements between the terminal metal fitting 14 and the conductor 5 of FPC 4 assuming that the
temperature change is ∆T. For this reason, when the temperature change is ∆T, the terminal metal fitting 14 and female
housing 3, and the holder 2 and the conductor 5 of the FPC 4 of the complementary member 100 are permitted to
expand or contract.
[0088] Thus, the gap Ax in the direction of arrow X, gap Ay in the direction of arrow Y and gap in the direction of
arrow Z satisfy the above Equation (1). The gap Ax corresponds to the gap A in a direction in claims. The gap Ay
corresponds to the gap A in the first direction in claims. The gap Az corresponds to the second direction in claims.
[0089] Assuming that the static friction coefficient between the conductor 5 of FPC 4 and the contact protrusion 21
is represented by µ, the respective elastic coefficients kx, ky and kz in the directions of arrow X, arrow Y and arrow Z
satisfy the relationships represented by the following Equations (10), (11) and (12).

[0090] As understood from Equations (10) to (12), assuming that the temperature change is ∆T, when the terminal
metal fitting 14 and the FPC 4 expand or contract, the contact protrusion 21 and conductor 5 are not shifted relatively
from each other. While the terminal metal fitting 14 and FPC 4 expand or contract, when the contact S is displaced,
the other contact piece 20b of the terminal metal fitting 14 is elastically deformed with the displacement of the contact S.
[0091] The terminal metal fitting 14 and the conductor 5 of the FPC 4 are not shifted relatively from each other at

Ax ≥ ∆T x βa x 1ax - ∆T x βbx x 1bx (7)

Ay ≥ ∆T x βay x 1ay - ∆T x βby x 1by (8)

Az ≥ ∆T x βaz x 1az - ∆T x βbz x 1bz (9)

∆T x βax x lax - ∆T x βbx x lbx ≤ 2 x (µ x F/kx) (10)

∆T x βay x lay - ∆T x βby x lby ≤ 2 x (µ x F/ky) (11)

∆T x βaz x laz - ∆T x βbz x lby ≤ 2 x (µ x F/kx) (12)
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the contact S. Therefore, when the temperature change is ∆T, the contact S between the contact 21 of the terminal
metal fitting 14 and the conductor 5 of the FPC 4 is prevented from being displaced. Further, the elastic coefficients
kx, ky and kz are proportional to the elastic restoring force F. Therefore, by suppressing the elastic coefficients kx, ky
and kz or rigidity of the other contact piece 20b of the terminal metal fitting 14, the contact protrusion 21 and conductor
5 are not relatively shifted from each other so that the elastic restoring force F or contact load between the contact
protrusion 21 and the conductor 5 can be suppressed.
[0092] The elastic coefficients kx, ky and kz of the other contact piece 20b in the directions of arrow X, arrow Y and
arrow Z satisfy Equation 4, respectively. The elastic coefficient ky corresponds to the elastic coefficient k of contact
piece 20b in a direction in claims; elastic coefficient ky corresponds to the elastic coefficient k of contact piece 20b in
the first direction in claims, elastic coefficient kz corresponds to the elastic coefficient k of contact piece 20b in the
second direction in claims.
[0093] For the acceleration a1 in the direction of arrow Y, i.e., along the elastic restoring force F which acts on the
complementary member 100 consisting of the portion 4b of FPC 4 and holder 2, assuming that the mass of the com-
plementary member 100 is m, the elastic restoring force F satisfies the relationship represented by Equation (5). There-
fore, even when the acceleration a1 acts on the complementary member 100 consisting of the portion 4b of FPC 4
and holder 2, the holder 2 and FPC 4 remains sandwiched and immobile between the pair of contact pieces 20a and
20b of the terminal metal fitting 14. Thus, the contact protrusion 21 of the terminal metal fitting 14 and the conductor
5 of FPC 4 are not displaced.
[0094] For the acceleration a2 in the direction which is orthogonal to that of arrow Z , i.e., in the direction orthogonal
to the elastic restoring force F which acts on the complementary member 100 consisting of the portion 4b of FPC 4
and holder 2, assuming that the mass of the complementary member 100 is m, the elastic restoring force F satisfies
the relationship represented by Equation (6). Therefore, even when the acceleration a2 acts on the complementary
member 100 consisting of the portion 4b of FPC 4 and holder 2, the holder 2 and FPC 4 remains sandwiched and
immobile between the pair of contact pieces 20a and 20b of the terminal metal fitting 14. Thus, the contact protrusion
21 of the terminal metal fitting 14 and the conductor 5 of FPC 4 are not shifted relatively from each other.
[0095] In accordance with this embodiment, the elastic coefficients kx, ky and kz of the terminal metal fitting 14 of
the connector 1 in the directions of arrow X, arrow Y and arrow Z satisfy Equations (10) to (12). For this reason, even
when the temperature changes by ∆T, the contact protrusion 21 of the other contact piece 20b of the terminal metal
fitting 14 and the conductor 5 of FPC 4 are not shifted relatively at the contact S. The contact S between the contact
protrusion 21 of the other contact piece 20b and the conductor 5 of the FPC 4 is not displaced, but the other contact
piece 20b is deformed with the displacement of the contact S. Where the connector is employed in the wire harness
arranged in a vehicle, even when the ambient temperature changes by ∆T, the other contact piece 20b and conductor
of FPC are not shifted relatively from each other at the contact S, the other contact piece 20b and conductor of FPC
can be kept in contact with each other at the contact S, thereby preventing fretting corrosion.
[0096] Therefore, by suppressing (reducing) the rigidity of the terminal metal fitting 14 so as to satisfy Equation (4) ,
the elastic restoring force F of the other contact piece 20b, i.e., contact load between the contact protrusion 21 of the
other contact piece 20b of the terminal metal fitting 14 and and conductor of FPC can be suppressed (reduced). There-
fore, when the downsizing of the terminal metal fitting 14 and its multi-poles and low insertion force of the connector
are realized, the contact protrusion 21 of the other contact piece 20b and the conductor 5 are not shifted relatively from
each other at the contact S (fretting corrosion does not occur).
[0097] The gaps Ax, Ay and Az between the terminal metal fitting 14 and the inner face 9a of the terminal chamber
9 in the directions of arrow X, arrow Y and arrow Z satisfy Equations (7) to (9) and so is not smaller than the distance
W represented by Equation (1). Therefore, the elastic deformation of other contact piece 20b of the terminal metal
fitting 14 is not obstructed by the inner face 9a of the terminal chamber 9. Thus, the other contact piece 20b can be
elastically deformed surely. The contact protrusion 21 of the other contact piece 20b and the conductor 5 of FPC 4 are
not shifted relatively from each other at the contact S. The displacement of the contact S can be prevented surely,
thereby preventing the fretting corrosion from occurring.
[0098] The elastic restoring force F generated by the other contact piece 20b satisfy Equations (5) and (6). Therefore,
even when the acceleration a1 in the direction of arrow Z and the acceleration a2 in the direction arrow orthogonal
thereto act on the FPC 4 and holder 2, the holder 2 and FPC 4 are not shifted between the pair of contact pieces 20a
and 20b and remain sandwiched therebetween. Thus, even when the accelerations a1 and a2 act on the FPC 4 and
holder 2, the contact piece 21 of the other contact piece 20b of the terminal metal fitting 14 and the conductor 5 of the
FPC 4 are not shifted relatively from each other so that the contact S is not displaced.
[0099] Thus, where the connector is employed in the wire harness arranged in a motor vehicle, even when the
accelerations a1 and a2 act, the contact protrusion 21 of the other contact piece 20b and conductor 5 of FPC 4 are
not shifted relatively from each other so that they are kept in contact with each other at the contact S. Accordingly, the
other contact piece 20b of the terminal metal fitting 14 can surely prevent the displacement of the contact S, thereby
preventing occurrence of the fretting corrosion.
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[0100] In the above embodiment, the inner face 8a of the coupling wall 8 of the holder 2 is in contact with the female
housing 3 so that the first fixing portion C is formed on the inner face 8a. However, in this invention, it is of course that
the first fixing portion C may be located at various positions. Further, the first electric contact portion 18 is secured to
the printed wiring board 15 to provide the second fixing portion D where the terminal metal fitting 14 is fixed. However,
in this invention, by directly fixing the terminal metal fitting 14 to the female housing, the second fixing portion D may
be located at various positions.
[0101] In the embodiment described above, the explanation has been given of the terminal metal fitting 14 and
connector 1 in which the FPC is sandwiched between the pair of contact pieces 20a and 20b. However, as shown in
Figs. 15 to 19, this invention may be applied to the connector 53 which includes a female terminal metal fitting (referred
to as a female terminal) 41 to be connected to a male terminal fitting (referred to as a male terminal) 40 and a male
connector housing (male housing) 52 which houses the female terminal 41. The male housing 52 is defined as a
connector housing in claims. The female terminal 41 is defined as a terminal metal fitting in claims. In Figs. 15 to 19,
like reference numerals refer to like elements in the embodiment described above.
[0102] The male terminal 40 is made of a conductive metal plate and includes an electric wire connecting portion 42
and an electric contact portion 43. An electric wire 44 is secured to the wire connecting portion 42. The wire connecting
portion 42 is electrically connected to the electric wire 44. The electric connecting portion 43 is communicated with the
electric wire connecting portion 42 and is provided with a tab 45 formed in a shape of rod or plate. The male terminal
40 with the wire secured thereto is housed in a female connector housing (female housing) 54 (Figs. 18 and 19) made
of insulating synthetic resin. The tab 45 is defined as a complementary conductor in claims. The electric wire 44 is
defined as a complementary electric wire electrically connected to the tab 45 in claims.
[0103] The female housing 54 shown in Figs. 18 and 19 is made of insulating synthetic resin and formed in a shape
of box. The female housing 54 is provided with a plurality of terminal chambers 55 each for accommodating the male
terminal 40. In each of the terminal chambers 55 of the female housing 54, a securing lance 56 to be secured to the
male terminal 40 is provided. The securing lance 56 is secured to the male terminal 40 so that the male terminal 40 is
fixed to the female housing 54. The portion where the securing lance 56 is secured to the male terminal 40 is defined
as the first fixing portion C in claims. The female housing 54 is insulating and supports the tab 45 of the male terminal
40, and is defined as a complementary insulator.
[0104] The female terminal 41 is made of a conductive metallic plate, and is provided with an electric wire connecting
portion 46 and an electric contact portion 47. An electric wire 48 is secured to the electric wire connecting portion 46.
The electric wire connecting portion 46 is connected to the electric wire 48. The electric contact portion 47 includes a
cylindrical portion 49 communicating with the electric connecting portion 46 and an elastic contact piece 50 serving as
an elastic contact portion.
[0105] As seen from Figs. 16 to 18, the cylindrical portion 49 is formed in a shape of cylinder. The cylindrical portion
49 is defined as a cavity in claims. Into the cylindrical portion 49, the tab 45 of the electric contact portion 43 of the
male terminal 40 is to be inserted. The elastic contact piece 50 is accommodated in the cylindrical portion 49. The
elastic contact piece 50 is oppositely to and apart from the one wall face 51 of the cylindrical portion 49. The one wall
face 51 is defined as a supporting portion in claims. The elastic contact piece 50, when the tab 45 of the electric contact
43 of the male terminal 40 is inserted into the cylindrical portion 49, generates the elastic restoring force F which urges
the tab 48 toward the one wall face 51 as shown in Fig. 18.
[0106] The female terminal 41 with the electric wire 48 secured thereto is housed in the male housing 52 made of
insulating synthetic resin.
[0107] The male housing 52 shown in Figs. 18 and 19 is made of insulating synthetic resin and formed in a shape
of box. The male housing 52 includes a plurality of terminal chambers 57 each accommodating the female terminal
41. In each of the terminal chambers 57 of the male housing 52, a securing lance 58 which is secured to the female
terminal 41 is provided. The securing lance 58 is secured to the male terminal 40 so that the female terminal 41 is
fixed to the male housing 52. In claims, the portion where the securing lance 58 is secured to the female terminal 41
is defined as the second fixing portion D where the female terminal 41, i.e. the elastic contact piece 50 is fixed.
[0108] The female terminal 41 and male housing 52 constitute a connector 53 defined in claims. As shown in Figs.
18 and 19, the male housing 52 housing the female terminal 41 is coupled with the female housing 54 which houses
the male terminal 40 so that the tab 45 of the electric contact portion 43 of the male is inserted into the cylindrical
portion 49 of the female terminal 41 in a direction of arrow X in parallel to the longitudinal direction of the elastic contact
piece 50 shown in Fig. 16. The tab 45 of the electric contact portion 43 is urged by the elastic contact piece 50 with
the elastic restoring force F toward the one wall face 51 in a direction of arrow Z in Fig. 19. Thus, the contact S between
the elastic contact piece 50 and the tab 45 is formed. Further, the male terminal 40 and the female terminal 41 are
electrically connected to each other. Namely, the electric wires 44 and 48 are electrically connected to each other.
Incidentally, the male terminal 40, female housing 54 and electric wire 44 attached to the male terminal 40 constitute
a complementary member 100 defined in claims.
[0109] The linear expansion coefficient of the union consisting of the male terminal 40 and the male housing 52 in
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the direction of arrow X is represented by βax. The distance between the contact S and the first fixing portion C of the
union consisting of the male terminal 40 and the connector housing 52 in the direction of arrow X is represented by
lax (Fig. 19).
[0110] The linear expansion coefficient of the connector 53 consisting of the male housing 52 and the female terminal
41 is represented by βbx. The distance between the second fixing portion D and contact S of the connector 53 consisting
of the male housing 52 and female terminal 41 in the direction of arrow X is represented by lbx (Fig. 19).
[0111] The linear expansion coefficients of the union consisting of the male terminal 40 and connector housing 52
in the directions of arrows Y and Z are represented by βax βaz. The distance between the contact S and the first fixing
portion C of the union consisting of the male terminal 40 and connector 52 in the direction of arrow Z is represented
by laz (Fig. 19). The distance in the direction of arrow lay (Fig. 18) between the first fixing portion C (Fig. 18), which is
located in the same section as the one (indicated by symbol 44a) of the plurality of electric wires 44, and the contact
S between each tab 45 and the elastic contact piece 50 is represented by lay (Fig. 18).
[0112] The linear expansion coefficients of the connector 53 consisting of the male housing 52 and the female terminal
41 in the directions of arrows Y and Z are represented by βby and βbz. The distance between the contact S and the
second fixing portion D of the connector 53 consisting of the male housing 52 and female terminal 41 in the direction
of arrow Z is represented by lbz (Fig. 19). The distance in the direction of arrow of Y(Fig. 18) between the second fixing
portion D (Fig. 18) of the one (indicated by 41a) of the plurality of female terminals 41 and the contact S between each
female terminal 41 and tab 45 is represented by lby (Fig. 18). The one electric wire 44a and one female terminal 41a
which are standards for determining the distances lay and lby are preferably electrically connected to each other.
[0113] With respect to the female terminal 41 also, as seen from Figs. 16 and 17, the gaps Ax, Ay and Az between
the elastic contact piece 50 and the inner face 4a of the cylindrical portion 49 in the directions of arrows X, Y, and Z
satisfy Equations (7) to (9) and greater than the displacement W represented by Equation (1).
[0114] The respective elastic coefficients kx, ky and kz of the elastic contact piece 50 of the female terminal 41 in
the directions of arrows X, Y and Z satisfy Equations (10) to (12). In the female terminal 41 also, assuming that the
mass of the complementary member 100 is m, the elastic restoring force F of the elastic contact piece 50 satisfy
Equations (5) and (6).
[0115] In the female terminal 41 also, the elastic contact piece 50 is elastically deformed with a change in the tem-
perature by ∆T. Where the connector is employed in the wire harness arranged in a motor vehicle, even when the
ambient temperature changes by ∆T, the elastic contact piece 50 and the tab 45 of the electric contact portion 43 are
not shifted relatively from each other at the contact S and the contact S is immobile, thereby preventing fretting corro-
sion.
[0116] Thus, by suppressing (or reducing)the respective elastic coefficients kx, ky and kz, i.e. rigidity of the elastic
contact piece 50, the elastic restoring force of the elastic contact portion 50, the elastic restoring force F of the elastic
contact portion 50, i.e. the contact load between the terminals 40 and 41 can be suppressed (reduced) . Therefore,
when the downsizing of the female terminal 41 and its multi-poles and low insertion force of the connector 53 are
realized, the female terminal 41 can be surely electrically connected to the tab 45 of the male terminal 40 with no
fretting corrosion.
[0117] The gaps Ax, Ay and Az between the elastic contact piece 50 and the inner face 49a of the cylindrical portion
49 satisfy Equations (7) to (9) and are not smaller than the displacement W represented by Equation (1). Therefore,
the elastic deformation of the elastic contact piece 50 is not obstructed by the inner face 49a of the cylindrical portion
49. Thus, the elastic contact piece 50 can be surely elastically deformed so that the displacement of the contact S can
be prevented, thereby preventing the fretting corrosion.
[0118] The elastic restoring force F generated by the elastic contact piece 50 satisfy Equations (5) and (6). Therefore,
even when the acceleration a1 in the direction of arrow Z and the acceleration a2 in the direction orthogonal to the
direction of arrow Z act on the male terminal 40, the male terminal 40 and others do not move between the elastic
contact piece 50 and the one wall face 51 so that the tab 45 of the male terminal 40 remains sandwiched therebetween.
Thus, the contact S between the terminals 40 and 41 is not displaced. Further, where the connector is employed in
the wire harness arranged in a motor vehicle, even when the accelerations a1 and a2 act on the male terminal 40, the
tab 45 and the elastic contact piece 50 can be kept in contact with each other at the contact S. For this reason, the
elastic contact piece 50 of the female terminal 41 can prevent the displacement of the contact S between itself and
tab 45, thereby preventing the fretting corrosion.
[0119] In the embodiments described above, the FPC 4 or electric wires 44 and 48 were used as the electric wires.
However, in place of them, a flexible flat cable (FFC) may be adopted.
[0120] The distances lax, lay and laz in the embodiments described above may be changed according to the fixing
position and fixing direction of the conductors 5 of FPC 4 and tab 45 of the male terminal 40. In short, the above
distances lax, lay and laz may be those between the portion C where the conductor 5 of FPC or the tab 45 of the male
terminal 40 is fixed and the contact S between the complementary conductor, and the contact piece 20b of the terminal
metal fitting 14 or the elastic contact piece 50 of the female terminal 41.
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[0121] The distances lbx, lby and lbz in the embodiments described above may be changed according to the fixing
position and fixing system of the terminal metal fitting 14 and the female terminal 41. In short, the above distances lax,
lay and laz may be those between the portion D where the terminal metal fitting 14 or female terminal 41 is secured
to the connector housing or printed wiring board and the contact S between the complementary conductor and the
contact piece 20b of the terminal metal fitting 14 or the elastic contact piece 50 of the female terminal 41.

Claims

1. A connector comprising:

a terminal metal fitting including a supporting portion and an elastic contact portion located apart therefrom
within a cavity, a complementary conductor being located on the surface of said supporting portion, the com-
plementary conductor being sandwiched between said supporting portion and said elastic contact portion
under an elastic restoring force urging said complementary conductor toward said supporting portion; and
a connector housing which houses said terminal metal fitting and is coupled with a complementary insulator
supporting said complementary conductor, wherein
a gap is formed between said elastic contact portion and inner face of said cavity, and assuming that the gap
is A, a temperature change acting on said complementary conductor and insulator and said elastic contact
portion is ∆T, a linear expansion coefficient of a union consisting of said complementary conductor and com-
plementary insulator is βa, a distance between a first fixing portion where said complementary conductor is
fixed and a contact between said complementary conductor and said elastic contact portion is 1a, a linear
expansion coefficient of a union consisting of said connector housing and said terminal metal fitting is βb, and
a distance between a second fixing portion where the said terminal metal fitting is fixed and said contact is 1b,

and assuming that the elastic coefficient of said elastic contact is k, the static friction between said comple-
mentary conductor and said elastic contact portion is µ and the elastic restoring force of said elastic contact
portion is F,

2. A connector according to Claim 1 , wherein said conductor is inserted between said supporting member and said
contact portion in a one direction and sandwiched therebetween, and said gap A in a first direction orthogonal to
both said one direction and said elastic restoring force and in a second direction orthogonal to said one direction
and along said elastic restoring force is expressed by

said elastic coefficient k in the respective one direction, said first direction and said second direction is ex-
pressed by

3. A connector according to Claim 2, wherein
said complementary conductor, said complementary insulator and said electric wire connected to said com-

plementary conductor constitute a complementary member, and assuming that the acceleration which acts on said
complementary member along said second direction is a1 and the mass of said complementary member is m,

the elastic restoring force F of said elastic contact portion is expressed by

A≥ = ∆T x βa x 1a - ∆T x βb x 1b,

∆T x βa x 1a - ∆T x βb x 1b ≤ 2 x (µ x F/k).

A≥ = ∆T x βa x 1a - ∆T x βb x 1b, and

∆T x βa x 1a - ∆T x βb x 1b ≤ 2 x (µ x F/k).

F > m x a1.
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4. A connector according to Claim 2, wherein said
said complementary conductor, said complementary insulator and said electric wire connected to said com-

plementary conductor constitute a complementary member, and assuming that the acceleration which acts on said
complementary member along a direction orthogonal to said second direction is a1 and the mass of said comple-
mentary member is m,

the elastic restoring force F of said elastic contact portion is expressed by

5. A connector according to Claim 3, wherein said
said complementary conductor, said complementary insulator and said electric wire connected to said com-

plementary conductor constitute a complementary member, and assuming that the acceleration which acts on said
complementary member along a direction orthogonal to said second direction is a1 and the mass of said comple-
mentary member is m,

the elastic restoring force F of said elastic contact portion is expressed by

F > m x a2/µ.

F > m x a2/µ.
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