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(54) Piercing nut manufacturing apparatus

(57) A piercing nut manufacturing apparatus uses a
nut former for forming a nut blank 11 for a high stress
type piercing nut 1.

The undercut screw-hole 12 is pierced and the end
surface portion of pilot portion 13 radially widened, and
the four diagonal corner end surfaces of nut blank 11b
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0

A Z
,F'\'\V\lt\\\‘\\<

: ////// ...... ‘
e \l\\\\\\\

‘ g\\‘qx\

‘&Q/’////// N \

\ l] ' \\ 7’7
,—
\\\\\\\\\\\\\

=

e @f 577 .
i 1z i I
N4 //////

///// G /
F A

finished with the forming process of slanting and enlarg-
ing the peripheral side wall surface of pilot portion 13 for
defining annular groove 15 are pushed out by four knock-
out pins 77 and then pushed in between a pair of fingers
58, 58 of a transfer mechanism located in the vicinity of
end surface of a die 53.
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Description
[Technical Field]

[0001] The present invention relates to a piercing nut
manufacturing apparatus wherein a nut itself pierces a
metal plate, and a peripheral edge portion of the pierced
hole is swaged and fastened to the metal plate. Particu-
larly, it relates to the improvement of a high stress type
piercing nut manufacturing apparatus that can be real-
ized due to great clinching forces actually obtained as
proposed by the inventor in JP H8 - 29392, namely
USP5,618,237 and EP0663247A1, (Patentdocument 1).

[Background Art]

[0002] The piercing nutmanufacturing apparatus men-
tioned above in JP H8 - 29362 performs the operation
by using a nut former and has such an excellent advan-
tage that, when both opposing side walls defining an an-
nular groove formed between a cylindrical pilot portion,
of which an end portion thereof disposed centrally of a
square nut body serves as a punch for piercing a metal
plate, and a side wall protruding along the peripheral
edge of the nut body so as to surround the pilot portion
are slanted against the axial line (central axis of the nut
body) in order to form the annular groove into a dovetail
groove, it is possible to realize mass-production of high-
quality high-stress type piercing nuts capable of obtaining
constant and great clinching forces because of high di-
mensional accuracy with respect to the inside and out-
side dimensions of the annular groove as well as excel-
lent piercing operation by the pilot portion.

[0003] When a high-stress type piercing nut as de-
scribed above is manufactured by using a nut former, a
nut blank finished with each forming process shown in
Fig. 1 ~ 3 of the Patent document 1 (JPH 8 - 29392) is
pushed out in front of the die for each process, and it is
held by a pair of opposing fingers of a transfer mechanism
reciprocating along the front vicinity of the die and is
transferred to the die for the next process in order to
perform the next process. However, when the nut blank
finished with the forming operation in the piercing and
pilot portion enlarging process shown in Fig. 2 of the Pat-
ent document 1 is transferred to the side wall slanting
forming process shown in Fig. 3, there arises a problem
described in the following.

[0004] Fig. 14 and Fig. 15 are explanatory diagrams
showing the operational process such that nut blank 11
finished with the piercing and pilot portion enlarging proc-
ess shown in Fig. 2 of the Patent document 1 (JPH 8 -
29392) is pushed out from die 31 and held by a pair of
opposing fingers 39, 39 of the transfer mechanism recip-
rocating along the front of die 31. Both fingers 39, 39 are
activated by a spring (not shown) in the direction of ap-
proaching each other, and the space between the two
fingers is a little smaller than the opposite side dimension
of nut blank 11.
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[0005] Taper wall 34 widening outwardly is disposed
at the base portion of piercing punch 33 installed in con-
cave (cavity) 32 of die 31, and annular protrusion 36
which protrudes so as to surround taper wall 34 is dis-
posed at the end surface of cylindrical insert 35 arranged
externally (radially outwards) of piercing punch 33, and
cylindrical insert 35 is securely held by holder 37.
[0006] When nut blank 11 inserted into concave 32 of
die 31 is pressed by cylindrical punch 38, the cylindrical
punch 38 and piercing punch 33 cooperate to punch out
preliminary undercut hole, not a through-hole, of nut
blank 11 in order to form undercut screw-hole 12. Sub-
sequently, in a state such that the annular protrusion 36
of cylindrical insert 35 is inserted into annular groove 15,
the end surface of pilot portion 13 is radially widened by
taper wall 34, causing the peripheral side wall surface 16
thereof to be slanted against the axial line and the cross
section of annular groove 15 to be formed into a dovetail
shape widening in the depth direction of the annular
groove 15. Also, the outer end edge (the edge of periph-
eral side wall surface 16 as well) of pilot portion 13 is
abutted on the inner side surface of annular protrusion
36 and is restrained from the occurrence of excessive
slanting deformation, thereby enabling dimensionally ac-
curate and constant finishing of the end outer diameter
of pilot portion 13, that is, the inside dimension of annular
groove 15.

[0007] Whenthe piercingand pilot portion 13 enlarging
process is completed for undercut screw-hole 12, as
shown in Fig. 14, cylindrical punch 38 first moves back-
ward so as to move away from die 31, and both fingers
39, 39 come to the front vicinity of die 31. Then, waste
chip 12c created by piercing punch 33 is collected into
the tube hole of cylindrical punch 38 and removed. Sub-
sequently, as shown in Fig. 15, piercing punch 33 moves
forward and protrudes from die 31 and pushes up the nut
blank 11 so that it is held between both fingers 39, 39,
then piercing punch 33 moves backward into die 31, and
the nut blank 11 held by both fingers 39, 39 is transferred
to the front of the die for the next process.

[0008] On the other hand, since the outer diameter d
of tip portion 33a of piercing punch 33 is nearly same as
that of undercut screw-hole 12 formed in nut blank 11,
when piercing punch 33 moves backward into die 31, the
tip portion 33a thereof interferes with nut blank 11, caus-
ing the generation of a stress that causes the nut blank
11 to be shifted back into die 31. However, in the normal
operation, there will be no hindrance because of the high
spring tension that activates both fingers 39, 39, but in
the case of long-time operation, the activating force gen-
erated by the springs of both fingers 39, 39 becomes
weakened or a trouble such as roughening or cracking
of piercing punch 33 takes place, and as a result, some-
times there arises a problem such that, when piercing
punch 33 moves backward, nut blank 11 is shifted back
into die 31, and then nut bank 11 cannot be transferred
to the next process, causing the generation of serious
trouble such as stop of the operation.
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[Summary of the Invention]

[0009] An aspect of the present invention provides a
pierce nut manufacturing apparatus using a nut former
for forming nut blank for high stress type piercing nut,
which is configured in that cylindrical pilot portion of which
an end portion thereof serves as a punch for piercing a
metal plate is disposed at a central portion thereof includ-
ing undercut screw-hole of a square nut body, and also,
protruding side wall is disposed so as to surround the
pilot portion along the outer periphery of the nut body,
annular groove is formed between the pilot portion and
the side wall, and a peripheral side wall of the pilot portion
and the side wall for defining the annular groove are slant-
ed against an axial line so that the annular groove is
formed to have a dovetail shape widening in the direction
of depth,

wherein the undercut screw-hole is pierced and an end
surface of the pilot portion is radially widened, and four
diagonal corner end surfaces of nut blank finished with
a forming process of slanting and enlarging a peripheral
side wall surface of the pilot portion for defining the an-
nular groove are pushed out by four knockout pins and
pushed in between a pair of fingers of a transfer mech-
anism located in the vicinity of end surface of die.
[0010] Another aspect of the present invention pro-
vides a pierce nut manufacturing apparatus using a nut
former, which is configured in that knockout pin is dis-
posed in such manner as to be able to axially move for-
ward and backward in concave of die, into which pre-
formed blank is inserted, and activated by spring in the
retreating position, annular protrusion is disposed at the
end of first cylindrical insert fixedly arranged deep in the
concave externally of the knockout pin, and on the other
hand, protrusion for forming preliminary hole for undercut
screw-hole is provided at the front end of punch opposing
to the die, and the blank inserted into the concave is held
and pressed between the punch and the knockout pin in
order to form preliminary holes, not through-holes, and
also, the annular protrusion is pressed into blank, and
cylindrical pilot portion of which an end portion thereof
serves as a punch for punching out a metal plate is dis-
posed at a central portion including the preliminary hole
of a square nut body, and also, side wall is disposed
protruding so as to surround the pilot portion along the
outer periphery of the nut body, and there are provided
forming die/punch for nut blank formed with annular
groove between the pilot portion and the side wall,

and taper wall widening outside is disposed at the base
portion of piercing punch arranged in concave of die for
the next process into which the nut blank is inserted, an-
nular protrusion to be inserted into the annular groove is
disposed at the end of second cylindrical insert externally
of the piercing punch, and with the nut blank inserted and
pressed in concave of die for the next process, due to
the cooperative action of cylindrical punch and the pierc-
ing punch, the preliminary hole is pierced to form under-
cut screw-hole, and an end portion of the pilot portion is
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radially widened by the taper wall, a peripheral wall sur-
face of the pilot portion for defining the annular groove
is slanted to form the annular groove into a dovetail
groove widening in the direction of depth, and also, there
are provided piercing and pilot portion enlarging forming
die/punch configured in that an outer end periphery of
the pilot portion is abutted in a restraining fashion on an
inner side surface of the annular protrusion, and knockout
pin activated by spring in the retreating position, which
is disposed in such a manner as to be able to axially
move forward and backward in concave of die for the
process after next into which the nut blank finished with
piercing and enlarging pilot portion, taper wall for slanting
the side wall of the nut blank toward the axial line is dis-
posed deep in the concave, annular protrusion to be in-
serted into the annular groove is disposed at the end of
third cylindrical insert arranged at the bottom of concave
of die for the process after next, and with the nut blank
inserted and pressed in concave of die for the process
after next by means of punch opposing to the die for the
process after next, the side wall is slanted by the taper
wall toward the axial line in order to form the annular
groove into a dovetail groove widening in the direction of
depth, and there is also provided side wall slanting form-
ing die/punch having such a configuration that an inner
end periphery of the side wall slanted toward the axial
line is abutted in a restraining fashion on an outer side
surface of the annular protrusion,

wherein the piercing punch and the second cylindrical
insert of the piercing and pilot portion enlarging die/punch
are securely held in concave of die for the next process,
and four knockout pins are provided so as to surround
the piercing punch, and with the nut blank inserted and
pressed in concave of die for the next process, due to
the cooperative action of the cylindrical punch and the
piercing punch, four diagonal corner end surfaces of the
nut blank finished with piercing the undercut screw-hole
and enlarging the pilot portion are pushed out by the four
knockout pins and are pushed in between a pair of fingers
of a transfer mechanism located in the vicinity of end
surface of the die.

[0011] In a preferred embodiment, the piercing punch
and the second cylindrical insert are securely held via
holder in concave of die for the next process, and the
four knockout pins are disposed in such a manner as to
be able to axially move forward and backward in the hold-
er in phase of 90 degrees around the piercing punch,
which are activated by spring in the retreating position,
and when in the retreating position, the front end surface
thereof is flush with the front end surface of the second
cylindrical insert, and in the mode of moving forward, the
pins are abutted on four diagonal corner end surfaces of
the nut blank, and then the nut blank is pushed out and
pushed in between the pair of fingers.

[0012] The present invention is intended to address
the above-mentioned problem of the prior art, and in the
preferred embodiments of the invention a piercing nut
manufacturing apparatus is configured such that a nut
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blank finished with the piercing and pilot portion enlarging
process is pushed out by knockout pins, instead of by
the piercing punch. The pins are disposed around the
piercing punch, and the nut blank can be securely and
reliably held between the fingers of the transfer mecha-
nism, and there is no hindrance to the transfer of the nut
blank.

[0013] An aspect of the present invention provides a
piercing nut manufacturing apparatus for forming a nut
blank for a high stress type piercing nut by using a nut
former, wherein a cylindrical pilot portion, of which an
end portion thereof serves as a punch for punching out
a metal plate, is disposed at a central portion including
the undercut screw-hole of a square nut body, and also,
there is provided a side wall protruding so as to surround
the pilot portion along the outer periphery of the nut body,
thereby forming an annular groove between the pilot por-
tion and the side wall, and the peripheral side wall surface
of the pilot portion and the side wall for defining the an-
nular groove are slanted against the axial line in order to
form the annular groove into a dovetail groove widening
in the direction of depth. It is configured in that the four
diagonal corner end surfaces of the nut blank finished
with piercing the undercut screw-hole and radially wid-
ening the end surface of the pilot portion as well as the
forming process of slanting and widening the peripheral
side wall of the pilot portion for defining the annular
groove are pushed out by four knockout pins in order to
push them in between a pair of fingers of a transfer mech-
anism located in the vicinity of end surface of the die.
[0014] Another aspect of the present invention pro-
vides a manufacturing apparatus, wherein the configu-
ration of the forming die/ punch for the main process of
forming a nut blank by using a nut former is specifically
described. It is configured in that there are provided
knockout pins disposed in such a manner as to be able
to axially move forward and backward in the concave of
a die into which a blank preliminarily formed is inserted,
and are activated by springs in the retreating position,
and an annular protrusion is disposed at the end surface
ofthe first cylindrical insert securely disposed deep inside
the concave externally of the knockout pin. On the other
hand, a protrusion for forming a preliminary hole for an
undercut screw-hole is disposed at the front end of the
punch opposing to the die, and the blank inserted into
the concave is held and pressed by the punch and the
knockout pin in order to form the preliminary hole that is
not a through-hole, and also, the annular protrusion is
pressed into the blank, and a cylindrical pilot portion, of
which the end portion thereof serves as a metal plate
piercing punch, is disposed at the central portion includ-
ing the preliminary hole of a square nut body. Further, a
side wall protruding so as to surround the pilot portion is
disposed along the outer periphery of the nut body, and
there is provided a forming die/punch for a nut blank
formed with an annular groove between the pilot portion
and the side wall as well as a taper wall widening outside
at the base of the piercing punch disposed in the concave
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of the die for the next process into which the nut blank is
inserted. An annular protrusion to be inserted into the
annular groove is disposed at the end surface of the sec-
ond cylindrical insert disposed externally of the piercing
punch, and the cooperative action of the cylindrical punch
and the piercing punch for inserting and pressing the nut
blank into the concave of the die for the next process
serves to punch out the preliminary hole to form an un-
dercut screw-hole, and the end surface of the pilot portion
is radially widened by the taper wall, and the peripheral
side wall of the pilot portion for defining the annular
groove is slanted in order to form the annular groove into
a dovetail groove widening in the direction of depth. Also
it includes a piercing and pilot portion enlarging forming
die/punch having such a configuration that the outer end
periphery of the pilot portion is abutted in a restraining
fashion on the inner side surface of the annular protru-
sion, and a knockout pin activated by spring in the re-
treating position, which is arranged in such a manner as
to be able to axially move forward and backward in the
concave of the die for the process after next into which
the nut blank finished with the piercing and pilot portion
enlarging process is inserted, and there is provided a
taper wall for slanting the side wall of the nut blank toward
the axial line deep in the concave, and an annular pro-
trusion inserted into the annular groove is provided at the
end surface of the third cylindrical insert disposed at the
bottom of the concave of the die for the process after
next. By using a punch opposing to the die for the process
after next, the nut blank is inserted and pressed in the
concave of the die for the process after next by means
of the punch, then the side wall is slanted by the taper
wall toward the axial line, thereby forming the annular
groove into a dovetail groove widening in the direction of
depth, and at the same time, the inner side edge of the
end of the side wall slanted toward the axialline is abutted
in a restraining fashion on the outer side surface of the
annular protrusion. In the pierce nut manufacturing ap-
paratus using a nut former provided with a side wall slant-
ing forming die/punch having such a configuration as de-
scribed, the piercing punch of the piercing and pilot por-
tion enlarging die/punch and the second cylindrical insert
are securely held in the concave of the die for the next
process, and also there are provided four knockout pins
in such manner as to surround the piercing punch. Due
to the cooperative action of the cylindrical punch by which
the nut blank inserted into the concave of the die for the
next process is pressed and the piercing punch, the end
surfaces of four diagonal corners of the nut blank finished
with the undercut screw-hole piercing and pilot portion
enlarging process are pushed out by the four knockout
pins and are pushed in between a pair of fingers of the
transfer mechanism located in the vicinity of end surface
of the die.

[0015] In a preferred embodiment, the configuration of
the piercing and pilot portion enlarging forming die/punch
is more specifically described. The piercing punch and
the second cylindrical insert are securely held in the con-
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cave of the die for the next process via a holder, and the
four knockout pins are disposed in the holder in such
manner as to be able to axially move forward and back-
ward around the piercing punch in phase of 90 degrees
and are also activated by springs in the retreating posi-
tion, and when they are in the retreating position, the front
end surface is flush with the front end surface of the sec-
ond cylindrical insert, and in the mode of moving forward,
it abuts the four diagonal corner end surfaces of the nut
blank and pushes out the nut blank to push it in between
the pair of fingers.

[0016] Asdescribed above, when a nutblank is formed
by using a nut former, the undercut screw-hole is pierced
and the end surface of the pilot portion is widened in the
radial direction, and the four diagonal corner end surfac-
es of the nut blank finished with the forming process of
slanting to enlarge the peripheral side wall surface of the
pilot portion for defining an annual groove are pushed
out by four knockout pins and are pushed in between a
pair of fingers of a transfer mechanism located in the
vicinity of the end surface of a die. Because of this con-
figuration, the nut blank is reliably and smoothly pushed
out from the die and then held by both of the fingers, and
there is no fear of causing hindrance to the transfer to
the next process. Accordingly, it is possible to efficiently
mass-produce high-quality high-stress type square
pierce nuts which are high in dimensional accuracy and
capable of obtaining reliable clinching forces.

[Brief Description of the Drawings]
[0017]

Fig. 1 is a front view showing a main portion of a nut
former of the present invention.

Fig. 2 is an explanatory diagram showing the ma-
chining processes of a nut blank formed by the nut
former.

Fig. 3 is a plan view showing the outline of a transfer
mechanism for transferring a nut blank machined in
each forming process of the nut former to the next
process.

Fig. 4 is a front view showing a state of operation of
the transfer mechanism which has moved from the
position shown in Fig. 1.

Fig. 5is a cross-sectional plan view of a main portion
of a forming die/punch showing a state of being
pushed out from the forming die after finishing each
forming process of a nut blank formed by the nut
former.

Fig. 6 is a cross-sectional plan view of a main portion
of the forming die/punch, showing a state of being
transferred to the next process of each nut blank
finished with main forming process by the nut former.
Fig. 7 is a cross-sectional plan view of a main portion
of the forming die/punch, showing a state of being
transferred to the front of the forming die for the next
process of a nut blank finished with main forming
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process by the nut former.

Fig. 8 is a cross-sectional plan view of the forming
die/punch, showing a state of being transferred to
the next process, pressed and formed by a punch of
each nut blank finished with main forming process
by the nut former.

Fig. 9 is a cross-sectional plan view of the forming
die/punch, showing a state of completion of forming
operation by the forming die and punch in the next
process with respect to each nut blank finished with
main forming process by the nut former.

Fig. 10 is a cross-sectional view of a main portion of
the forming die/punch, showing a state of the punch
for each forming process moving backward away
from the forming die after finishing forming operation
by the forming die and punch for the next process
shown in Fig. 9.

Fig. 11 is an enlarged plan view of a main portion of
a piercing and pilot portion enlarging forming die of
the nut former.

Fig. 12 is an explanatory diagram showing a state
of being pushed out by four knockout pins of a nut
blank finished with the undercut screw-hole piercing
and pilot portion enlarging process by the piercing
and pilot portion enlarging forming die/punch of the
nut former.

Fig. 13 is a perspective view of a square piercing nut
completed by threading a nut blank manufactured
by the apparatus of the present invention.

Fig. 14 is an explanatory diagram showing a state
of preparation for pushing out a nut blank finished
with the piercing and pilot portion enlarging process
shown in Fig. 2 of JPH8 - 29392.

Fig. 15 is an explanatory diagram showing a state
of a nut blank shown in Fig. 14 in a state of being
held by a pair of fingers opposing each other of the
transfer mechanism after being push out from the
forming die.

[Description of the Preferred Embodiments]

[0018] The preferred embodiments of the present in-
vention will be described in the following with reference
to the drawings.

[0019] Fig. 1 shows a main portion of a 4-stage nut
former of an embodiment of the present invention. The
die block 50 comprises a die for each forming process
to form nut blanks, that is, pre-forming die 51, nut blank
forming die 52, piercing and pilot portion enlarging form-
ing die 53, and side wall slanting forming die 54 are lat-
erally installed at equally spaced intervals in a parallel
fashion. In the pre-process of pre-forming die 51, the
technical means for cutting materials with a constant size
out of a coil material, correcting and feeding them to pre-
forming die 51 is a technical means customarily em-
ployed in an existing nut former as standard technology,
and therefore, the description is omitted.

[0020] Also, transfer mechanism 55 which moves lat-
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erally along the front vicinity of die block 50 is disposed.
Regarding the transfer mechanism 55itis also a technical
means customarily employed in an existing nut former
as standard technology, and therefore, the detailed de-
scription is omitted, but as shown in Fig. 1 and Fig. 3,
three spindles 57 vertically extending are installed at
same spaced intervals as for each forming die 51 to 54
around the axial line in a rotatable fashion on connecting
plate 56 laterally reciprocating along the front vicinity of
die block 50, and a pair of opposing fingers 58, 58 are
installed on each spindle 57 in a laterally movable fashion
and are activated by plate springs 59, 59 so as to ap-
proach each other. And, only both fingers 58, 58 arranged
in front of pre-forming die 51 in Fig. 1 are reversed by
180 degrees as shown in Fig. 4 when pre-formed blank
10 is moved to the front of forming die 52, and the re-
maining two fingers 58, 58 horizontally move in a parallel
fashion.

[0021] Fig. 5 shows a state of nut blank 11a, 11b, 11c
formed by the nut former in each forming process, which
are in a state of being pushed out from each forming die
52, 53, 54 respectively and transferred to the next proc-
ess.

[0022] Nut blank forming die 52 is disposed in such
manner as to be able to axially move forward and back-
ward in concave (cavity) 61 into which blank 10 (see Fig.
2) preliminarily swaged by pre-forming die 51 is inserted,
and it is provided with knockout pin 62 activated by (bi-
ased by) spring 63 in the retreating position, and the
knockout pin 62 is pushed out by main pin 64 disposed
at the back thereof coping with (acting against) spring
63. Also, annular protrusion 66 is disposed externally of
(around) knockout pin 62 at the end of first cylindrical
insert 65 fixedly arranged in the back of (bottom of) con-
cave 61. On the other hand, the front end of punch 67
disposed opposite to forming die 52 is provided with pro-
trusion 68 serving to form a preliminary hole for undercut
screw-hole. And, blank 10 inserted into concave 61 is
held and pressed by punch 67 and knockout pin 62 in
order to form preliminary holes 12a, 12b for under cut
screw-hole that is not yet a through-hole. Also, annular
protrusion 66 is pressed into blank 10, and cylindrical
pilot portion 13 of which the end portion thereof serves
as a punch to punch out a metal plate is formed at the
central portion of the nut body including preliminary hole
12a. Further, side wall 14 protrudes in parallel to the axial
line (central axis of the nut body) so as to surround pilot
portion 13 along the outer periphery of the nut body. And
also, nut blank 11a is formed with annular groove 15 be-
ing formed between pilot portion 13 and side wall 14 (see
Fig. 2). Nut blank 11a is formed this way is, as shown in
Fig. 5, pushed out by knockout pin 62 from the forming
die 52 after punch 67 first moves backward away from
the forming die 52. The nut blank 11a is pushed towards
and held between a pair of opposing fingers 58, 58.
[0023] Piercing and pilot portion enlarging forming die
53 is configured in that piercing punch 72 and second
cylindrical insert 73 disposed externally of (around) the
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piercing punch 72 are securely held via holder 74 in con-
cave (cavity) 71 into which nut blank 11a is inserted. Ta-
per wall 75 widening outwardly is disposed at the base
portion of piercing punch 72, and annular protrusion 76
inserted into annular groove 15 of nut blank 11a is dis-
posed at the end surface of second cylindrical insert 73.
Onthe other hand, there are provided four slender knock-
out pins 77 in such manner as to surround piercing punch
72. The knockout pins 77 are arranged spaced apart by
90 degrees around piercing punch 72 (see Fig. 11) and
disposed in such manner as to be able to axially move
forward and backward through second cylindrical insert
73 and holder 74. The knockout pins 77 are biased by
springs 78 in the retreating position (in the retraction di-
rection), and when in the retreating position, the frontend
surfaces thereof are flush with the end surface of second
cylindrical insert 73 or a little lower than the end surface
thereof (see Figs. 7 to 10). Four knockout pins 77 are
pushed out forward by main pin 79 disposed at the back
thereof coping with (acting against) springs 78. On the
other hand, there is provided cylindrical punch 80 oppos-
ing to the forming die 53. And, when nut blank 11a is
inserted and pressed by cylindrical punch 80 into con-
cave 71, as shown in Fig. 8 and Fig. 9, due to the coop-
erative action of cylindrical punch 80 and piercing punch
72, preliminary holes 12a, 12b are punched out to form
undercut screw-hole 12, and at the same time, the end
surface of pilot portion 13 is radially widened by taper
wall 75 of piercing punch 72, and the peripheral side wall
surface of pilot portion 13 for defining the annular groove
15 is slanted against the axial line (central axis of the nut
blank) so that the cross-section of annular groove 15 has
a dovetail shape widening in the depth direction of the
annular groove 15. Also, the end surface outer periphery
of pilot portion 13 is abutted in a restraining fashion on
the inner side surface of annular protrusion 76 and thus
restrained from the occurrence of excessive slanting de-
formation, and thereby, it is possible to form nut blank
11b which is dimensionally accurate and constant with
respect to the end surface outer diameter of pilot portion
13, that s, the inner dimensions of annular groove 15. In
this case, waste chip 12c punched out by piercing punch
72is collected into the cylindrical hole of cylindrical punch
80 and discharged. As to nut blank 11b formed this way,
asshowninFig. 10, cylindrical punch 80 first moves back-
ward away from forming die 53, and a pair of fingers 58,
58 of transfer mechanism 55 comes to the front vicinity
of forming die 53. Subsequently, as shown in Fig. 5, four
knockout pins 77 are pushed out by main pin 79 coping
with (acting against) springs 78 and then abutted on the
four diagonal corner end surfaces of nut blank 11b to
push the nut blank 11b out of concave 71 of forming die
53. Thus, when nutblank 11bis pushed out by four knock-
out pins 77, the nut blank 11b is correctly pushed out
along the axial line, and therefore, it is smoothly and re-
liably pushed out from concave 71 without interfering with
piercing punch 72, and is pushed in and held between
the pair of opposing fingers 58, 58.
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[0024] Side wall slanting forming die 54 is disposed in
concave (cavity) 81 into which nut blank 11b finished with
undercut screw-hole 12 piercing and pilot portion 13 en-
larging process is inserted in a state of being able to
axially move forward and backward. The concave 81 is
provided with knockout pin 82 biased by spring 83 in the
retreating position (in the retraction direction), and the
knockout pin 82 is pushed out by main pin 84 disposed
at the back thereof coping with (acting against) spring
83. Also, there is provided taper wall 85 for slanting the
side wall 14 of nut blank 11b toward the axial line (central
axis of the nut blank) deep in (at the bottom of) concave
81. Further, annular protrusion 87 to be inserted into an-
nular groove 15 of nut blank 11b is disposed on the end
surface of third cylindrical insert 86 fixedly installed deep
in (at the bottom of) the concave 81 externally of (around)
knockout pin 82, opposing totaperwall 85 and at constant
intervals. On the other hand, there is provided punch 88
opposing to forming die 54. And, when nut blank 11b
inserted in concave 81 of forming die 54 is pressed by
punch 88 (see Fig. 8 to 9), as shown in Fig. 9, in a state
with annular protrusion 87 of third cylindrical insert 86
inserted into annular groove 15, side wall 14 is slanted
by taper wall 85 toward the axial line (central axis of the
nut blank), and inner side wall surface 17 for defining
annular groove 15 is slanted against the axial line, then
the cross-section of annular groove 15 is formed into a
dovetail shape widening in the depth direction of the an-
nular groove 15. At the same time, the inner side end
edge of slanted side wall 14 is abutted in a restraining
fashion on the outer side surface of annular protrusion
87 and is restrained from the occurrence of excessive
slanting deformation. As aresult, the outside dimensions
of annular groove 15 are accurately finished in constant
size. As to the nut blank 11b thus formed by side wall
slanting forming die 54, as shown in Fig. 10, after punch
88 moves backward away from forming die 54, as shown
in Fig. 5, itis pushed out by knockout pin 82 from concave
81 of forming die 54 and freely dropped to be transferred
to the threading process (not shown).

[0025] Fig. 13 shows high-stress type square piercing
nut 1 completed by threading female screw 2 in undercut
screw-hole 12 of nut blank 11c formed as described
above.

[0026] [Description of the Reference Numerals and
Signs]

1 Square pierce nut

2 Screw hole

10 Blank

11 Nut blank

11a, 11b, 11c  Nut blank

12 Undercut screw-hole
13 Pilot portion

14 Side wall

15 Annular groove

50 Die block

51 Pre-forming die
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35

40

45

50

55

52 Nut blank forming die

53 Piercing and pilot portion enlarging die
54 Side wall slanting forming die
55 Transfer mechanism

58, 58 A pair of fingers

59, 59 Plate spring

61 Concave (forming die 52)

62 Knockout pin

65 First cylindrical insert

66 Annular protrusion

67 Punch

71 Concave (forming die 53)

72 Piercing punch

73 Second cylindrical insert

74 Holder

75 Taper wall

76 Annular protrusion

77 Knockout pin

80 Cylindrical punch

81 Concave (forming die 54)

82 Knockout pin

85 Taper wall (concave 81)

86 Third cylindrical insert

87 Annular protrusion

88 Punch

Claims

1. A piercing nut manufacturing apparatus comprising

anut former for forming a nut blank (11) for a piercing
nut (1), wherein the piercing nut (1) is configured
such that a cylindrical pilot punch portion (13) is dis-
posed at a central portion of a square nut body, and
includes an undercut screw-hole (12), and a protrud-
ing side wall (14) is disposed so as to surround the
pilot portion (13) along the outer periphery of the nut
body, and an annular groove (15) is formed between
the pilot portion (13) and the side wall (14), and a
peripheral side wall of the pilot portion (13) and the
side wall (14) defining the annular groove (15) are
slanted relative to a central axis of the nut body so
thatthe annular groove (15) is formed to have adove-
tail shape widening in the depth direction of the an-
nular groove (15),

wherein the nut former includes a transfer mecha-
nism (55) and a die (53) having first to fourth knock-
out pins (77) and the manufacturing apparatus is ar-
ranged such that, after the undercut screw-hole (12)
is pierced and an end surface of the pilot portion (13)
is radially widened, first to fourth diagonal corner end
surfaces of the nut blank (11b) finished with a forming
process of slanting and enlarging a peripheral side
wall surface of the pilot portion (13) for defining the
annular groove (15) are pushed out of the die (53)
by the first to fourth knockout pins (77) and pushed
in between first and second fingers (58, 58) of the
transfer mechanism (55) located adjacent to the die
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(53).

2. A piercing nut manufacturing apparatus according

to claim 1, wherein:

the die (53) is a second die (53) in a sequence
of dies (52, 53, 54) and is preceded by a first die
(52) and is followed by a third die (54);

the nut former is configured such that a knockout
pin (62) is disposed in such manner as to be
able to axially move forward and backward in a
cavity (61) of the first die (52), into which a pre-
formed blank (10) is insertable, and is biased by
a spring (63) in the retraction direction, and an
annular protrusion (66) is disposed at the end
of a first cylindrical insert (65) fixedly arranged
at the bottom of the cavity (61) around the knock-
out pin (62), and a protrusion (68) for forming a
preliminary hole (12b) for the undercut screw-
hole (12) is provided at the front end of a punch
(67) opposing the first die (52), and the blank
(11a) when inserted into the cavity (61) is held
and pressed between the punch (67) and the
knockout pin (62) in order to form preliminary
holes (12a, 12b), whilst the annular protrusion
(66) forms the cylindrical pilot portion (13) and
the side wall (14);

a taper wall (75) widening outwardly is disposed
at the base portion of a piercing punch (72) ar-
ranged in a cavity (71) of the second die (53)
into which the nut blank (11a) is insertable, and
an annular protrusion (76) to be inserted into the
annular groove (15) is disposed at the end of a
second cylindrical insert (73) disposed around
the piercing punch (72), and when the nut blank
(11a) is inserted and pressed in the cavity (71)
of the second die (53), due to the cooperative
action of acylindrical punch (80) and the piercing
punch (72), the preliminary holes (11a, 11b) are
pierced to form the undercut screw-hole (12),
and an end portion of the pilot portion (13) is
radially widened by the taper wall (75), the pe-
ripheral side wall surface of the pilot portion (13)
for defining the annular groove (15) is slanted
to form the annular groove (15) into a dovetail
groove widening in the depth direction of the an-
nular groove (15), and an outer end periphery
of the pilot portion (13) is abutted in a restraining
fashion on an inner side surface of the annular
protrusion (76);

a knockout pin (82) is biased by a spring (83) in
the retraction direction and is disposed in such
a manner as to be able to axially move forward
and backward in a cavity (81) of the third die (54)
into which the nut blank (11b) is insertable, and
a taper wall (85) for slanting the side wall (14)
of the nut blank (11b) toward the central axis of
the nut blank (11b) is disposed at the bottom of
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the cavity (81), and an annular protrusion (87)
to be inserted into the annular groove (15) is
disposed at the end of a third cylindrical insert
(86) arranged at the bottom of the cavity (81) of
the third die (54), and, when the nut blank (11b)
is inserted and pressed in the cavity (81) of the
third die (54) by means of a punch (88) opposing
the third die (54), the side wall (14) is slanted by
the taper wall (85) toward the central axis of the
nut blank (11b) in order to form the annular
groove (15) into a dovetail groove widening in
the depth direction of the annular groove (15),
and an inner end periphery of the side wall (14)
slanted toward the central axis of the nut blank
(11b) is abutted in a restraining fashion on an
outer side surface of the annular protrusion (87);
and

the piercing punch (72) and the second cylindri-
calinsert (73) are securely held in the cavity (71)
of the second die (53), and the first to fourth
knockout pins (77) are provided around the
piercing punch (72), and after the nut blank (11a)
has been pressedin the cavity (71) of the second
die (53), due to the cooperative action of the
cylindrical punch (80) and the piercing punch
(72), the first to fourth diagonal corner end sur-
faces of the nut blank (11b) are arranged to be
pushed out of the second die (53) by the knock-
out pins (77) and pushed in between the fingers
(58, 58) of the transfer mechanism (55).

The piercing nut manufacturing apparatus of claim
2, wherein the piercing punch (72) and the second
cylindrical insert (73) are securely held via a holder
(74) in the cavity (71) of the second die (53), and the
knockout pins (77) are disposed in such a manner
as to be able to axially move forward and backward
in the holder (74) at positions spaced 90 degrees
apart around the piercing punch (72), and are biased
by springs (78) in the retraction direction so that,
when retracted, the front end surfaces of the knock-
out pins (77) are flush with the front end surface of
the second cylindrical insert (73), and, when moving
forwards, the pins (77) are abutted on the first to
fourth diagonal corner end surfaces of the nut blank
(11b), such that the nut blank (11b) is pushed out
and pushed in between the fingers (58, 58).
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