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PRESS - FIT TERMINAL , CONNECTOR FOR increase with the progress of the electrification of the 
BOARD , AND BOARD - EQUIPPED automobiles . Here , the load of arranging a connector on the 

CONNECTOR circuit board simply takes on a value obtained by multiply 
ing the insertion force of the press - fit terminal by the number 

TECHNICAL FIELD 5 of press - fit terminals arranged in one connector . 
In order to easily arrange the connector on the circuit 

The present disclosure relates to a press - fit terminal , a board , it is required to reduce the load of arranging the 
connector for a board , and a board - equipped connector . connector on the circuit board , though the number of ter 

minals mounted in one connector is increased . Accordingly , 
BACKGROUND ART it is required to reduce the insertion force of the press - fit 

terminal . 
Japanese Unexamined Patent Application Publication No. While the reduction of the insertion force is required , an 2008-165987 discloses a press - fit terminal that includes : an 

introduction portion formed at a tip of the press - fit terminal improvement in holding force and contact area is also 
required at the same time . and to be introduced into a through hole in a circuit board ; 15 The press - fit terminal is used , for example , for a control a pressure holding portion that is connected to the introduc unit in an environment with a lot of vibration such as an tion portion and is press - fitted and held in the through hole ; 

and a main body portion connected to the pressure holding engine room , and for a control unit that requires high 
portion , and has an opening extending in a longitudinal reliability of electrical connection such as an airbag . Assum 
direction from a center of the pressure holding portion 20 ing that it is used for such applications , press - fit terminals 
toward the main body portion and the introduction portion . are required to have improvement in holding force and 

contact area . 
RELATED ART DOCUMENT With a conventional press - fit terminal , for example , the 

holding force cannot be set to 37 N or more , the contact area 
Patent Document 25 to 0.72 mm ? or more , and the insertion force to 90 N or less . 

However , in order to meet the demands of the automobile 
[ Patent Document 1 ] Japanese Unexamined Patent Appli- industry in recent years , it is required to satisfy the numeri 

cation Publication 2008-165987 A cal values for the physical properties , holding force , contact 
area , and insertion force that are in a trade - off relationship . 

SUMMARY OF THE INVENTION Thus , an issue to be solved by the present disclosure is to , 
for the physical properties , holding force , contact area , and 

Problem to be Solved by the Invention insertion force in a trade - off relationship , set the holding 
force to 37 N or more , the contact area to 0.72 mm ? or more , 

In order to suppress the detachment of the press - fit and the insertion force to 90 N or less . 
terminal from the through hole due to an external force such 35 
as vibration , holding force of the press - fit terminal is pref Means for Solving the Problem 
erably large . The holding force of the press - fit terminal is a 
load necessary to pull out the press - fit terminal , which is The present disclosure is a press - fit terminal that is to be 
defined through a test of pulling out the press - fit terminal press - fitted into a through hole formed in a circuit board . A 
from the through hole . 40 press - fit part includes a beam and an eye hole that is 

In order to improve the reliability of electrical connection surrounded by the beam . The beam includes two parallel 
between the circuit board and the press - fit terminal , a contact parts that are parallel to each other . In the press - fit part , 
area of the press - fit terminal is preferably large . The contact G / G2 is 0.20 or more and 1.05 or less where a front - side 
area of the press - fit terminal is an area where the inner spring strength is G , [ mm® ] and a rear - side spring strength 
surface of the through hole of the circuit board and the 45 is G2 [ mm ] calculated under the following conditions , and 
press - fit terminal come into contact when the press - fit ter- G is 0.007 mm3 or more and 0.012 mm3 or less where a 
minal is inserted into the circuit board . spring strength G [ mm ] is G , + G2 ; 

Further , in order to suppress damage to the circuit board ( Conditions ) 
during insertion of the press - fit terminal , insertion force of An insertion direction in which the press - fit terminal is 
the press - fit terminal is preferably small . The insertion force 50 inserted into the through hole is defined as a forward 
of the press - fit terminal is a load necessary to insert the direction , and a direction opposite to the insertion 
press - fit terminal into the through hole . direction is defined as a rear direction . 

The holding force , the contact area , and the insertion force A position 0.1 mm backward from a front end of the eye 
are in a trade - off relationship about the hardness of the hole is defined as a front reference , and a position 0.1 
press - fit part . Specifically , the harder the spring of the 55 mm forward from a rear end of the eye hole is defined 
press - fit part is , the larger the holding force and the contact as a rear reference . 
area can be , but the insertion force is increased . Further , the A length of a perpendicular line P , from the front refer 
softer the spring of the press - fit part is , the smaller the ence to an outer edge of the beam is defined as a spring 
insertion force can be , but the holding force and the contact thickness h1 [ mm ] , and a length of a perpendicular line 
area become smaller . P , from the rear reference to the outer edge of the beam 

In addition , a hard spring means that the load required to is defined as a spring thickness h2 [ mm ] . 
narrow a press - fit part is large , and a soft spring means that A thickness of the press - fit terminal at the front reference 
the load required to narrow a press - fit part is small . is defined as a plate thickness t , [ mm ] , and a thickness 

In recent years , press - fit terminals have been downsized , of the press - fit terminal at the rear reference is defined 
and there has been demand for a larger number of press - fit 65 as a plate thickness t2 [ mm ] . 
terminals to be mounted in one connector . This is because When the beam is viewed in cross section , an R chamfer 
the number of signals exchanged in automobiles tends to of the outer edge of the beam has a radius r [ mm ] . 

60 
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Second moment of area I of the front reference calculated FIG . 8 shows insertion forces of first to third examples 
by the following ( equation ) with tæt and h = h , is and first to ninth comparative examples . 
defined as 1 , [ mm ] . FIG . 9 shows examples and comparative examples of 

Second moment of area I of the rear reference calculated press - fit terminals and measurement results . by the following ( Equation ) with tt , and h = h , is 5 
defined as 12 [ mm " ] . MODE FOR CARRYING OUT THE INVENTION 

10 

12 

17230 * + 15 12 12? 

her 4r 
+ 

2 k = 
Ar2 
2 

Description of Embodiment of the Present [ Equation 1 ] Disclosure 
( Equation ) 1 = 

First , embodiments of the present disclosure will be listed 
h i ( h - r ) 3 I ( h - r ) + + = { r and described . 

( 1 ) The present disclosure is a press - fit terminal that is to 
( t – 2r ) p3 be press - fitted into a through hole formed in a circuit board . 

2 A press - fit part includes a beam and an eye hole that is 
where surrounded by the beam . The beam includes two parallel 

? 2 parts that are parallel to each other . In the press - fit part , 
th - r ) + ( 1 + r ) v { { n = » ) +3 { ( h – r ) + 2 G / G2 is 0.20 or more and 1.05 or less where a front - side 

20 spring strength is G [ mm ] and a rear - side spring strength 
( h - r ) t + ( 1 - 2r ) r + is G2 [ mm ] calculated under the following conditions , and 

G is 0.007 mm or more and 0.012 mm or less where a 
A length as seen in the insertion direction from an spring strength G [ mm ] is G , + Gz : 

( Conditions ) intersection of a straight line extended from an inter 
section of the perpendicular line P , and the outer edge 25 An insertion direction in which the press - fit terminal is 
of the beam in a direction perpendicular to the perpen inserted into the through hole is defined as a forward 
dicular line P , and a straight line extended along an direction , and a direction opposite to the insertion 

direction is defined as a rear direction . outer edge of the parallel parts to the front end of the 
eye hole is defined as L [ mm ] . A position 0.1 mm backward from a front end of the eye 

A length as seen in the insertion direction from an hole is defined as a front reference , and a position 0.1 
intersection of a straight line extended from an inter mm forward from a rear end of the eye hole is defined 

as a rear reference . section of the perpendicular line P , and the outer edge 
of the beam in a direction perpendicular to the perpen A length of a perpendicular line P , from the front refer 
dicular line P2 and a straight line extended along an ence to an outer edge of the beam is defined as a spring 

thickness h , [ mm ] , and a length of a perpendicular line outer edge of the parallel parts to the rear end of the eye 
hole is defined as L2 [ mm ] . P , from the rear reference to the outer edge of the beam 

The front - side spring strength G , is defined as I // L1 is defined as a spring thickness h2 [ mm ] . 
[ mm ] , and the rear - side spring strength G , is defined A thickness of the press - fit terminal at the front reference 
as 12 / L2 [ mm? ] . is defined as a plate thickness t , [ mm ] , and a thickness 

of the press - fit terminal at the rear reference is defined 
Advantageous Effects of Invention as a plate thickness t2 [ mm ] . 

When the beam is viewed in cross section , an R chamfer 
According to the present disclosure , it is possible to of the outer edge of the beam has a radius r [ mm ] . 

Second moment of area I of the front reference calculated provide a press - fit terminal in which , for the physical 
properties , holding force , contact area , and insertion force in 45 by the following ( equation ) with t = t , and h = h , is 
a trade - off relationship , the holding force is set to 37 N or defined as 1 , [ mm * ] . 
more , the contact area to 0.72 mm ? or more , and the insertion Second moment of area I of the rear reference calculated 
force to 90 N or less . by the following ( Equation ) with t , and h = h , is 

defined as 12 [ mm ̂ ] . 
BRIEF DESCRIPTION OF THE DRAWINGS 

30 

35 

40 

50 

[ Equation 2 ] 

( Equation ) 1 = 
2 t ( hr ) 3 Ich – r ) + + 

12 

( t – 2r ) ; 3 
+ K 

12 

where 

FIG . 1 is a side sectional view of a control unit including 
a board - equipped connector according to the present 
embodiment . 
FIG . 2 is a plan view of a board - equipped connector 55 

according to the present embodiment . 
FIG . 3 is an enlarged plan view of a press - fit part in a 

press - fit terminal according to the present embodiment . 
FIG . 4 is a cross - sectional view of FIG . 3 taken along line 

IV - IV . 
FIG . 5 is a cross - sectional view of the press - fit terminal 

that is inserted into a through hole according to the present 
embodiment . 
FIG . 6 shows holding forces of first to third examples and 

first to ninth comparative examples . 
FIG . 7 shows contact areas of first to third examples and 

first to ninth comparative examples . 

60 
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A length as seen in the insertion direction from an 
intersection of a straight line extended from an inter 
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section of the perpendicular line P , and the outer edge area , and insertion force by setting G / G2 and G + G2 in 
of the beam in a direction perpendicular to the perpen- appropriate ranges at the terminal used for the signal circuit . 
dicular line P , and a straight line extended along an ( 3 ) The plate thickness t , is preferably 0.5 mm or more to 
outer edge of the parallel parts to the front end of the 0.7 mm or less , and the plate thickness tz is preferably 0.5 
eye hole is defined as Li [ mm ] . mm or more to 0.7 mm or less . 

A length as seen in the insertion direction from an When the plate thickness t? and the plate thickness tz are 
intersection of a straight line extended from an inter- 0.5 mm or more , the front - side spring strength G , and the 
section of the perpendicular line P , and the outer edge rear - side spring strength G2 increase . This is preferable 
of the beam in a direction perpendicular to the perpen- because the holding force and the contact area can be 
dicular line P2 and a straight line extended along an 10 adjusted to desired numerical ranges . When the plate thick 
outer edge of the parallel parts to the rear end of the eye ness t , and the plate thickness tz are 0.7 mm or less , the 
hole is defined as L2 [ mm ] . front - side spring strength G and the rear - side spring 

The front - side spring strength G , is defined as I // L1 strength G , decrease . This is preferable because the insertion 
[ mm ] , and the rear - side spring strength G , is defined force can be adjusted to a desired numerical range . 
as 1 / L2 [ mm ] ( 4 ) The thickness of the press - fit terminal is preferably 0.5 

The inventors of the present invention discovered that , mm or more and 0.7 mm or less . 
with the conventional shape of the press - fit terminal , it is not Recently , electrical components mounted in vehicles have 
possible to , for the physical properties , holding force , con- been highly electronically controlled . For this reason , the 
tact area , and insertion force in a trade - off relationship , set amount of signals in communication within a vehicle tends 
the holding force to 37 N or more , the contact area to 0.72 20 to increase more and more . On the other hand , electric 
mm ? or more , and the insertion force to 90 N or less . components mounted in vehicles are required to be light 
Therefore , the inventors of the present invention examined weighted and downsized . For this reason , the connector for 
the design factor of the press - fit terminal so that the holding communicating a signal in a vehicle and the press - fit termi 
force , the contact area , and the insertion force all satisfy nal disposed on the connector are required for further 
desired values . As a result , the inventors of the present 25 miniaturization and high density . With a thickness of 0.5 mm 
invention considered adopting an index of “ spring strength ” or more and 0.7 mm or less , the press - fit terminal can be 
as an index of the difficulty of bending the beam to form the suitably used for a signal circuit mounted in a vehicle . 
press - fit part . ( 5 ) Of the press - fit part , it is preferable that a portion 

The spring strength is a value obtained by dividing the surrounding the eye hole is not chamfered . 
second moment of area of the beam by the length of the 30 The second moment of area of the present disclosure is 
beam in consideration of the shape of the fillet . Thus , “ spring based on the premise that , when the beam is viewed in cross 
strength ” can be understood as second moment of area section , the outer edge of the beam is round chamfered and 
taking into account the factor that the press - fit part becomes the part of the beam surrounding the eye hole is not 
soft when the beam is long and the press - fit part becomes chamfered . Since the part of the beam surrounding the eye 
hard when the beam is short . Conventionally , the fillet form 35 hole is not chamfered , the holding force , the contact area , 
factor has not been counted in the calculation of the second and the insertion force can be preferably set to desired 
moment of area of the beam . However , the inventors of the values . 
present invention have considered that , as the press - fit ( 6 ) W2 / W is preferably greater than 0.25 and 0.35 or less 
terminal is downsized , the influence of the fine shape of the where the width of the press - fit part is W1 [ mm ] and the 
fillet on the difficulty of bending the press - fit terminal 40 width of the eye hole is W2 [ mm ] . 
increases , and have contemplated introducing the fillet form Setting W / W , to be greater than the above lower limit 
factor into the calculation of the spring strength . would make the press - fit part flexible . This is preferable 

The inventors of the present invention have considered from the viewpoint of reducing the insertion force within a 
setting the position where to calculate the second moment of desired numerical range . 
area for calculating the spring strength of the press - fit part in 45 Setting W2 / W , to be less than or equal to the above upper 
such a manner as to be separated from the end of the eye hole limit would make the press - fit part hardened . This is pref 
by a specific distance . Then , the inventors of the present erable from the viewpoint of improving the holding force 
invention have divided the second moments of area 11 and 12 and the contact area within a desired numerical range . 
by the length of the press - fit part , thereby to set the front - side Note that W , and W2 are respectively intended to be the 
spring strength G , and the rear - side spring strength G2 50 lengths at the positions where the widths of the press - fit part 
respectively corresponding to the strengths of the front and and the eye hole are maximum . The width is intended to be 
rear sides of the press - fit part . Then , the inventors of the the length along the direction perpendicular to the insertion 
present invention have discovered that all the holding force , direction . 
the contact area , and the insertion force can satisfy desired ( 7 ) The tip of the press - fit terminal preferably has a 
values by setting G , / G2 estimated to correspond to the 55 tapered shape . Thereby , even when there is a dimensional 
front - side spring strength to the rear - side spring strength to error of the connector and a dimensional error of the through 
0.20 or more and 1.05 or less and setting G4 + G2 estimated hole , the press - fit terminal can be inserted into the circuit 
to correspond to the spring strength of the entire press - fit board along the tapered shape . This is preferable from the 
part to 0.007 mm or more and 0.012 mm or less , thereby viewpoint of suppressing an increase in the insertion force 
completing the invention of the present application . 60 due to a dimensional error at mass production of the board 

( 2 ) The press - fit terminal is preferably used for a signal connector . 
circuit . A terminal used for a signal circuit is thinner and ( 8 ) The connector for a board according to the present 
smaller than a terminal used for a power circuit . Such a thin disclosure includes the press - fit terminal according to the 
and small terminal used for a signal system circuit makes a present disclosure and a connector in which the press - fit 
greater contribution of the fillet form factor to the spring 65 terminal is disposed . 
strength than that of the terminal used for a power circuit . ( 9 ) The pitch interval of the press - fit terminals is prefer 
Thus , it is possible to achieve desired holding force , contact ably greater than 2.0 mm and 3.0 mm or less . 
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When the press - fit terminal is inserted , the circuit board workability in installing the connector for a board on the 
becomes damaged . The damage is , for example , delamina- circuit board even when the conductive pattern of the circuit 
tion of layers constituting the circuit board . When the layers board is narrowed . 
are greatly delaminated , the circuits at close positions are 
short - circuited at high humidity , for example , and the insu- 5 Details of Embodiment of the Present Disclosure 
lation performance of the circuit board is lowered . Setting 
the pitch interval to be greater than the lower limit would Hereinafter , embodiments of the present disclosure will 
reduce the delamination distance with respect to the distance be described . The present disclosure is not limited to these 
between adjacent through holes . This is preferable from the exemplifications , but is defined by the claims , and is 
viewpoint of , even if delamination of layers occurs , sup- 10 intended to include meanings equivalent to the claims and 
pressing a decrease in the insulation performance of the all modifications within the scope of the claims . 
circuit board . The layers of the circuit board are intended to A press - fit terminal 10 , a connector 11 for a board , and a 
be the layers of materials , such as copper foil , glass fiber , board - equipped connector 42 according to an embodiment 
and insulating resin . of the present disclosure ( hereinafter , the present embodi 

Setting the pitch interval to be equal to or less than the 15 ment ) will be described with reference to FIGS . 1 to 8. In the 
above upper limit is preferable from the viewpoint of following description , for a plurality of identical members , 
reducing the size of the connector even with an increase in a reference numeral may be given to only some of them and 
the number of poles of terminals in the connector . may be omitted for the others . 

( 10 ) W1 / Q is preferably 1.05 or more and 1.35 or less [ Board - Equipped Connector 42 ] 
where the width of the press - fit part is W1 [ mm ] and the 20 As shown in FIGS . 1 and 2 , the board - equipped connector 
diameter of the through hole is o [ mm ] . of the present embodiment includes a connector 11 for a 
When the ratio W / 4 of the width W of the press - fit part board and a circuit board 12 . 

to the diameter o of the through hole is 1.05 or more , it is [ Intended Use ] 
possible to improve the frequency with which the press - fit The board - equipped connector 42 according to the present 
part contacts the eye hole . This is preferable from the 25 embodiment is used in a control unit 40 for automobiles . 
viewpoint of improving the holding force and the contact Examples of the control unit 40 include a rear light control 
area within a desired numerical range . unit , an airbag control unit , an engine control unit , and a 
When the ratio W./9 of the maximum width W of the body control module ( BCM ) . 

press - fit part to the diameter o of the through hole is 1.35 or As shown in FIG . 1 , the control unit 40 includes , for 
less , it is possible to decrease the frequency with which the 30 example , a case 41 and the board - equipped connector 42 . 
press - fit part contacts the eye hole . This is preferable from The case 41 includes bosses 43. The board - equipped 
the viewpoint of reducing the insertion force within a connector 42 is fixed by screwing the circuit board 12 to the 
desired numerical range . bosses 43 , for example . 

( 11 ) The number of poles of the connector is preferably 20 [ Connector 11 for Board ] 
The connector 11 for a board according to the present 

As described above , the number of signals in the auto- embodiment includes a press - fit terminal 10 and a connector 
mobile is increasing by highly - advanced electronic control . 13 . 
As a result , there is an increasing demand for a larger The connector 13 is , for example , an injection molded 
number of terminals that is used in the connector . The body formed by injection molding . 
press - fit terminal of the present disclosure can reduce the 40 The connector 13 includes , for example , a hood part 14 
insertion force while improving the holding force and the and a terminal press - fit hole 15 . 
contact area . Accordingly , the connector of the present The hood part 14 accommodates the mating connector 
disclosure is preferable from the viewpoint of easy arrange- and connects the connectors together . 
ment of the connector on the circuit board even with as a The terminal press - fit hole 15 is a hole into which the 
large number of poles as 20 or more . 45 press - fit terminal 10 is to be press - fitted . 

( 12 ) The connector for a board according to the present [ Press - Fit Terminal 10 ] 
disclosure is preferably used for a control unit . In recent The press - fit terminal 10 according to the present embodi 
years , the number of poles of a terminal in a connector for ment includes a mating part 16 , a press - fit part 19 , a 
board used in a control unit has increased with an increase connecting part 20 , and a tapered part 25 . 
in the number of signals . As a result , the insertion force for 50 [ Mating Part 16 ] 
inserting the connector for board into the circuit board is The mating part 16 is a part where the press - fit terminal 
unfavorably increased . However , the press - fit terminal 10 is electrically connected to another terminal . The shape of 
according to the present embodiment allows reduction in the the mating part 16 can be , for example , a plate - like male 
insertion force . Accordingly , it is preferable from the view- terminal shape . 
point of reducing the insertion force even when the number 55 [ Press - Fit Part 19 ] 
of terminal poles of the connector increases . The press - fit part 19 is a part that is inserted into a through 

( 13 ) A board - equipped connector according to the present hole 17 of the circuit board 12 and is electrically connected 
disclosure includes the connector for a board according to ??ETS? „ ch?S??KÉchách6³??6??6??.???³?t?6S6??6áŠ ¥ úÁÑ??Khá?ll??z??h?ll & K?ET?Sú?tá??S???KSú??ET?ET?Š & ?³ ?Š?³nq?ET?é??6³???t.??? a conductive part 
the present disclosure and a circuit board . 18 is provided on the inner periphery of the through hole 17 
As described above , recently , in vehicles , the number of 60 and is electrically connected to the press - fit part 19. Thereby , 

signals to be communicated has increased , and miniaturiza- the contact area mentioned above contributes to the reliabil 
tion of parts has been required . For this reason , the circuit ity of electrical connection . 
board is required to have a high - density conductive pattern . In the present embodiment , the diameter of the through 
In order to increase the density of the conductive pattern , it hole 17 is not limited , but may be , for example , 0.94 mm or 
is necessary to reduce the pitch of the through holes . Since 65 more and 1.09 mm or less . In the present embodiment , the 
the insertion force of the press - fit terminal according to the diameter of the through hole 17 is also defined as the width 
present disclosure is reduced , it is possible to improve of the through hole 17 . 

or more . 35 
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As shown in FIG . 3 , the press - fit part 19 is constituted by -continued 
a beam 22 . ( 1 – 2r ) p3 ar2 p4 ( 972 – 64 ) 

The beam 22 forms an eye hole 24 that is a closed slit . The –r ) 
deformation of the eye hole 24 allows the press - fit terminal 
10 to be inserted into the through hole 17 or come into 5 
contact with the circuit board 12 to form an electrical her ar2 + ( 1 + r ) ̂ { ( h – r ) + – connection . k = ar2 The beam 22 according to the present embodiment ( h - r ) i + ( 1 - 2r ) r + 2 
includes two parallel parts 21 that are parallel to each other . 
Controlling the shape factor of the beam 22 connected to the 
parallel parts 21 allows the press - fit terminal 10 according to < Second Moment of Area 12 of the Rear Reference 53 > 
the present embodiment to have all the holding force , the In the same manner as the second moment of area I , of the 
contact area , and the insertion force within desired ranges . front reference 51 , the second moment of area 12 of the rear 
[ Connecting Part 20 ] reference 53 is calculated . 
The connecting part 20 is a part that connects the mating As shown in FIG . 3 , a perpendicular line P2 from the rear 

part 16 and the press - fit part 19 . reference 53 to the outer edge of the beam is assumed . The 
[ Tapered Part 25 ] second moment of area in the cross section of the beam 

The tapered part 25 is provided at the tip of the press - fit along the perpendicular line P2 is the second moment of area 
terminal 10 that is inserted into the through hole 17. The 12 [ mm ̂ ] of the rear reference 53 . 
shape of the tapered part 25 can be , for example , a shape As in the case of obtaining the second moment 11 of the 
decreased in thickness or width toward the tip . front reference 51 , the length h of the perpendicular line P2 
[ Method for Calculating the Front - Side Spring Strength G in the cross section of the beam along the perpendicular line 
and the Rear - Side Spring Strength G2 ] P2 is defined as spring thickness h2 [ mm ] , and the plate 

Hereinafter , a method for calculating the front - side spring 25 thickness t of the press - fit terminal 10 is defined as t2 [ mm ] , 
strength G , and the rear - side spring strength G2 will be and a R chamfer of the outer edge of the beam in the cross 
described with reference to FIGS . 3 and 4 . section of the beam along the perpendicular line P , has a 
As a premise , the insertion direction in which the press - fit radius r [ mm ] . 

terminal 10 is inserted into the through hole 17 is the The second moment of area 12 [ mm ̂  ] of the front refer 
forward direction . In addition , the direction opposite to the 30 ence can be calculated by the following ( equation ) where 
insertion direction is the rear direction . t t2 [ mm ] , h = h2 [ mm ] , and r = r [ mm ] . 

< Front - Side Spring Strength G , > < Front Reference 51 and Rear Reference 53 > The front - side spring strength G is calculated from the As shown in FIG . 3 , a position 0.1 mm backward from a second moment I of the front reference obtained by the front end 50 of the eye hole 24 is defined as front reference 35 above method . 
51. Here , 0.1 mm is 0.1 mm backward , not along the edge As a premise , an intersection 57 of a straight line 55 of the eye hole 24. Similarly , a position 0.1 mm forward extending in a direction perpendicular to the perpendicular 
from a rear end 52 of the eye hole 24 is defined as rear line P , from an intersection 54 of the perpendicular line P? 
reference 53 . and the outer edge of the beam and a straight line 56 
< Second Moment of Area I , of the Front Reference 51 > 40 extending along the outer edge of the parallel parts 21 is 
As shown in FIG . 3 , a perpendicular line P , from the front defined . The length from the intersection 57 to the front end 

reference 51 to the outer edge of the beam is assumed . The 50 of the eye hole 24 as seen from the insertion direction is 
second moment of area in the cross section of the beam 22 defined as L [ mm ] . The length L , is intended to be the 
along the perpendicular line P , is the second moment of area length of the front side of the press - fit part 19 . 
1 , [ mm ̂ ] of the front reference . From the length Lì , the front - side spring strength G , is 

Here , FIG . 4 as a cross section view of FIG . 3 taken along calculated as I , / L [ mm ] . 
with line IV - IV will be discussed . As shown in FIG . 4 , a < Rear - Side Spring Strength G , 
length h of the perpendicular line P , is defined as spring The rear - side spring strength G2 is calculated from the 
thickness hi [ mm ] , and a plate thickness t of the press - fit second moment 12 of the rear reference obtained by the 
terminal 10 in the front reference 51 is defined as t? [ mm ] . 50 above method . 

In addition , as shown in FIG . 4 , a radius c of R chamfer As a premise , an intersection 60 of a straight line 59 
in the outer edge of the beam in the cross section of the beam extending in a direction perpendicular to the perpendicular 
22 along the perpendicular line P , is defined as radius r line P2 from an intersection 58 of the perpendicular line P2 
[ mm ] . The radius r [ mm ] can also be defined as the radius and the outer edge of the beam and a straight line 56 
of curvature of the chamfered corner illustrated in FIG . 4 , for 55 extending along the outer edge of the parallel parts 21 is 
example . defined . The length from the intersection 60 to the rear end 

The second moment of area 1 , [ mm ] of the front refer- 52 of the eye hole 24 as seen from the insertion direction is 
ence can be calculated by the following ( Equation ) where defined as L2 [ mm ] . The length L2 is intended to be the 
t = t? [ mm ] , h = h ; [ mm ] , and r = r [ mm ] . length of the rear side of the press - fit part 19 . 

From the length L2 , the rear - side spring strength G2 is 
calculated as 12 / L2 [ mmº ] . [ Equation 3 ] [ Material of the Press - Fit Terminal 10 ] 
As the base material of the press - fit terminal 10 , for ( Equation ) 1 = example , a metal material such as copper or copper alloy can 

t ( hr ) 3 65 be selected . i ( h - r ) + + [ k = { { n - ) +3 } 10-2r ) + The surface of the base material of the press - fit terminal 
10 may be plated , for example . 
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The plating is made of a metal such as tin , nickel , copper , Each of the press - fit terminals 10 was inserted into the 
or zinc , for example . through hole 17 and the maximum value of the load [ N ] at 
[ Method for Manufacturing the Press - Fit Terminal 10 ] the time of insertion was measured to determine the inser 
Although the method for manufacturing the press - fit tion force . FIG . 8 shows the measurement results of the 

terminal 10 is not limited , the press - fit terminal 10 can be 5 insertion forces of the examples and the comparative 
manufactured by press working , for example . examples . In FIG . 8 , white symbols indicate the examples , 

First , the press - fit terminal 10 can be created by punching and black symbols indicate the comparative examples . 
a plate material to produce the outer shape of the press - fit It has been confirmed that the press - fit terminals 10 of the 
terminal 10 and then bending the connecting part 20 into a examples can have a holding force of 37 N or more , a 
desired shape . 10 contact area of 0.72 mm ? or more , and an insertion force of 
[ Intended Use of the Press - Fit Terminal 10 ] 90 N or less . 
The press - fit terminal 10 can be preferably used as a On the other hand , the first to fourth comparative 

connector terminal for connecting circuit boards , that is , a examples had a holding force of less than 37 N. 
board - to - board connector , for example , as well as the board The first to fifth comparative examples had a contact area 
equipped connector 42 and the connector 11 for aboard 15 of less than 0.72 mm² . 
described above . In this case , the press - fit terminal 10 The sixth to ninth comparative examples had an insertion 
includes another press - fit part 19 instead of the mating part force of more than 90 N. 
16 . It has been confirmed that , in the press - fit terminals of the 
The press - fit terminal may be used in a form of a examples , the circuits of the circuit board did not short 

wire - equipped terminal that is connected to an electric wire 20 circuit even with a board - equipped connector at a pitch 
without a connector . interval of 2.5 mm . 

It should be noted that the present invention is not limited EXPLANATION OF SYMBOLS to the above - described embodiments , and modifications , 
improvements , and the like within the scope that can achieve 10 : Press - fit terminal the object of the present invention are included in the present 
invention . 11 : Connector for board 

12 : Circuit board 
EXAMPLES 13 : Connector 

14 : Hood part 
Hereinafter , the present invention will be described in 30 15 : Terminal press - fit hole 

detail using examples and comparative examples . However , 16 : Mating part 
the present invention is not limited to the description of these 17 : Through hole 
examples . 18 : Conductive par 

19 : Press - fit part 
Examples and Comparative Examples 20 : Connecting part 

21 : Parallel part 
The press - fit terminals 10 having the shape described in 22 : Beam 

Table 1 , which is shown in FIG.9 , were produced , and their 24 : Eye hole 
holding forces , contact areas , and insertion forces were 25 : Tapered part 
measured . For each of the press - fit terminals 10 , the width 40 40 : Control unit 
W1 of the press - fit terminal 10 was 1.2 mm . The width W2 41 : Case 
of the eye hole 24 was 0.4 mm . The thickness of the press - fit 42 : Board - equipped connector 
terminal 10 was 0.64 mm . 43 : Boss 
( Holding Force ) 50 : Front end of eye hole 

The circuit board 12 having the through hole 17 with a 45 51 : Front reference 
diameter of 1.00 mm was prepared . 52 : Rear end of eye hole 

Each of the press - fit terminals 10 was inserted into the 53 : Rear reference 
through hole 17 and the maximum value of the load [ N ] at 54 : Intersection of perpendicular line P , and outer edge of 
the time of pulling out was measured to determine the beam 
holding force . FIG . 6 shows the measurement results of the 50 55 : Straight line extending in the direction perpendicular 
holding forces of examples and comparative examples . In to the perpendicular line P , from the intersection of the 
FIG . 6 , white symbols indicate the examples , and black perpendicular line P , and the outer edge of the beam 
symbols indicate the comparative examples . 56 : A straight line extending along the outer edges of the 
( Contact Area ) parallel parts 
The circuit board 12 having the through hole 17 with a 55 57 : Intersection of straight line 55 and straight line 56 

diameter of 1.00 mm was prepared . 58 : Intersection of perpendicular line P , and outer edge of 
Each of the press - fit terminals 10 was inserted into the beam 

through hole 17 , and the contact area between the inner 59 : A straight line extending in the direction perpendicular 
surface of the through hole 17 and the press - fit terminal 10 to the perpendicular line P , from the intersection of the 
was defined as contact area [ mm ? ] . FIG . 7 shows the 60 perpendicular line P2 and the outer edge of the beam 
measurement results of contact areas of the examples and 60 : Intersection of straight line 59 and straight line 56 
the comparative examples . In FIG . 7 , white symbols indicate 
the examples , and black symbols indicate the comparative The invention claimed is : 
examples . 1. A press - fit terminal that is to be press - fitted into a 
( Insertion Force ) 65 through hole formed in a circuit board comprising : 
The circuit board 12 having the through hole 17 with a a press - fit part includes a beam and an eye hole that is 

diameter of 1.00 mm was prepared . surrounded by the beam , 
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the beam including two parallel parts that are parallel to perpendicular line P , and a straight line extended 
each other , wherein along an outer edge of the parallel parts to the front 

in the press - fit part , G / G2 is 0.20 or more and 1.05 or less end of the eye hole is defined as L? mm , 
where a front - side spring strength is G , mm and a a length as seen in the insertion direction from an 
rear - side spring strength is G2 mm calculated under a intersection of a straight line extended from an 
plurality of conditions , and intersection of the perpendicular line P , and the outer 

G is 0.007 mm3 or more and 0.012 mm3 or less where a edge of the beam in a direction perpendicular to the 
spring strength 6 mm is G , + G2 , the plurality of perpendicular line P2 and a straight line extended 
contitions including : along an outer edge of the parallel parts to the rear 
an insertion direction in which the press - fit terminal is 10 end of the eye hole is defined as L2 mm , and 

inserted into the through hole is defined as a forward the front - side spring strength G , is defined as I // L 
direction , and a direction opposite to the insertion mm " , and the rear - side spring strength G2 is defined 
direction is defined as a rear direction , as l_ / L , mm . 

a position 0.1 mm backward from a front end of the eye 2. The press - fit terminal according to claim 1 , wherein the 
hole is defined as a front reference , and a position 0.1 15 press - fit terminal is a press - fit terminal used for a signal 
mm forward from a rear end of the eye hole is system circuit . 
defined as a rear reference , 3. The press - fit terminal according to claim 1 , wherein 

a length of a perpendicular line P , from the front the plate thickness t? is 0.5 mm or more and 0.7 mm or 
reference to an outer edge of the beam is defined as less , and 
a spring thickness h mm , and a length of a perpen- 20 the plate thickness tz is 0.5 mm or more and 0.7 mm or 
dicular line P2 from the rear reference to the outer less . 

edge of the beam is defined as a spring thickness hz 4. The press - fit terminal according to claim 1 , wherein the 
mm , press - fit terminal has a thickness of 0.5 mm or more and 0.7 

a thickness of the press - fit terminal at the front refer mm or less . 
ence is defined as a plate thickness t¡ mm , and a 25 5. The press - fit terminal according to claim 1 , wherein , of 
thickness of the press - fit terminal at the rear refer- the press - fit part , a portion surrounding the eye hole is not 
ence is defined as a plate thickness t2 mm , chamfered . 

when the beam is viewed in cross section , an R chamfer 6. The press - fit terminal according to claim 1 , wherein 
of the outer edge of the beam has a radius r [ mm ] , W / W is greater than 0.25 and 0.35 or less where a width 

a second moment of area I of the front reference 30 of the press - fit part is W , mm and a width of the eye hole is 
calculated by the following ( equation ) with tæt , and W2 mm . 
h = h , is defined as I mm , and 7. The press - fit terminal according to claim 1 , wherein a 

a second momen of area I of the rear reference tip of the press - fit terminal has a tapered shape . 
calculated by an equation in which t - t2 and h = h , is 8. A connector for a board , the connector comprising : 
defined as 12 mm “ , as follows : the press - fit terminal according to claim 1 ; and 

a connector in which the press - fit terminal is disposed . 
9. The connector for a board according to claim 8 , 

t ( h - r ) 3 wherein a pitch interval of the press - fit terminal is greater th - r ) + + [ x = { ( n = - ) + 3 } } * ( x - 2r ) + than 2.0 mm and 3.0 mm or less . 
10. The connector for a board according to claim 8 , ( t - 2r ) p3 tr2 p4 ( 972 – 64 ) wherein W / q is 1.05 or more and 1.35 or less where a width 727 of the press - fit part is W , mm and a diameter of the through 

hole is o mm . t ( hr ) " . * + ( 3 - r » r { en- ) + } * * * ( h - r ) + ?? 11. The connector for a board according to claim 8 , 
ar2 wherein a number of poles of the connector is 20 or more . ( h - r ) t + ( t – 2r ) r + 2 12. The connector for a board according to claim 8 , 

wherein the connector for a board is used for a control unit . 
a length as seen in the insertion direction from an 13. A board - equipped connector comprising : 

intersection of a straight line extended from an the connector for a board according to claim 8 ; and 
a circuit board . intersection of the perpendicular line P , and the outer 50 

edge of the beam in a direction perpendicular to the 
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