
REPLACEMENT SHEET SLIDE FASTENER ELEMENTS AND METHOD AND APPARATUS FOR
FORMING THE SAME BACKGROUND OF THE INVENTION 1. Field of the Invention:
This invention relates to a row of slide fastener elements formed by
cutting transversely a wire, which is rolled into a generally Y shape in
cross section by multi-step rolling, and more particularly to a method and
an apparatus for forming the slide fastener elements successively. 



2. Description of the Related Art: A method for forming slide fastener
elements of the above-described type is currently known. In the known
method, an elongated wire having a circular cross section is rolled by a
plurality of rollers into a generally Y shape in cross section, and then
the rolled wire is cut by a cutting punch and a coacting cutting die into
slices of element blanks, each slice having-a-predetermined thickness,
whereupon the coupling head of each element blank is provided with a
protuberance by a forming punch and a coact- 



ing forming die to finalize the individual element. blank as a fastener
-elements (hereinafter called "the wire fastener elements"). This
conventional    REPLACEMENT SHEET method is exemplified by EP-A0028358. The
thus formed fastener elements are mounted on a fastener tape successively
in a predetermined pitch by calking the front and back attaching legs of
each 



element on opposite sides of the tape by a calking punch. According to the
prior method, since the wire is rolled into a Y shape in cross section by
rollers, any defective product can be eliminated to secure a very high rate
of production. But since the individual fastener elements are obtained by
cutting the wire into slices of a predetermined thickness by the cutting
punch, the cut edges of each slice nece- ssarily have burrs and are
right-angled in cross section in cross section so that smooth beveled sur- 



faces of the fastener elements cannot be achieved even by barrel polishing
in a subsequent step. Further, in the prior method, the opposite attaching
legs of the individual element blank are bent toward each other so that
each leg assumes a generally L-shape profile. When the opposite legs are
calked against a fastener tape, the L-shape profile remains with the cut
edges substantially rectangular in cross section after rolling, thus giving
an uncomfortable touch. This drawback would  



REPLACEMENT SHEET be considerable in mounting the fastener elements
successively on the fastener tape subsequently to the fastener element
forming step. Consequently, as disclosed in EP-A0580064, it has been
customary to bevel the peripheral portions of the coupling heads
simultaneously with the forming of the fastener elements. In this case, it
is possible to bevel the cut edges of the coupling heads, but it is
impossible 



to bevel the L-shape profile and end edges of the leg. In the case that the
formed fastener elements are once discharged and are then mounted on the
fastener tape, burrs of the formed fastener elements are removed by barrel
polishing and, at the same. time, their cut edges are beveled. But since
the extent of beveling by this barrel polishing is limited to a minimum, a
harsh touch still remains with the fastener elements mounted on the
fastener tape so that an entirely smooth arcuate profile cannot be
obtained. 



SUMMARY OF THE INVENTION It is therefore an object of this invention to
provide a row of slide fastener elements, each of which has an entirely
smooth arcuate surface with no angular ridges after wire fastener elements
obtained by highly productive rolling are mounted on a    fastener tape by
calking. Another object of the invention is to provide a method and an
apparatus for 



forming such fastener elements. In order to accomplish the above object,
according to a first aspect of the invention, there is provided a row of
slide fastener elements which are obtained by supplying intermittently at a
predetermined pitch a wire rolled into generally Y shape in cross section
and by cutting the rolled wire transversely into slices of element blanks
of a predetermined thickness, each slice of element blanks having a
coupling head and a pair of attaching legs, forming a protuberance on the
coupling head of each 



element blank to finalize the coupling head, and mounting each element
blank successively on an intermittently supplied fastener tape at
predetermined positions by calking the attaching leg thereof on front and
back sides of the fastener tape to finalize the individual element blanks
as the slide fastener elements. The slide fastener elements are
characterized in that the legs of each slide fastener element has a sub-
stantially arcuate profile as formed during the rolling, and at least cut
edges of the legs have 



smooth beveled surfaces as formed during the    REPLACEMENT SHEET The
fastener elements having the above-described structure can be obtained by a
method for forming a row of slide fastener elements, comprising the follow-
ing steps. a wire is rolled into a generally Y shape in cross section while
the wire is intermittently supplied at a predetermined pitch. Subsequently,
the 



rolled wire is cut transversely into slices of element blanks of a
predetermined thickness, each slice of the element blanks having a coupling
head and a pair of attaching legs. Then, a protuberance is formed on the
coupling head of each element blank to finalize the coupling head, and the
element blanks with the finalized coupling heads are mounted successively
on an intermittently supplied fastener tape at predeter- mined positions by
calking the attaching legs of each element blank on front and back sides of
the fastener tape to finalize the individual element blanks as the 



slide fastener elements. At the same time, the legs of each slide fastener
element are provided with a sub- stantially arcuate profile during the
rolling, and at least cut edges of the legs are provided with'smooth
beveled surfaces during the calking. The method is carried out by an
apparatus for forming a row of slide fastener elements comprises
REPLACEMENT SHEET 



6 a rolling means, a cutting die, a protuberance-of- coupling-head forming
die, a cutting punch, a protuber- ance-coupling-head forming punch, and a
calking punch. The rolling means rolls a wire into a generally Y shape in
cross section while the wire is intermittently supplied in a predetermined
pitch. The cutting die has on a wire supplying path a through hole for
insertion of the rolled wire and movable reciprocatingly in a direction of
cutting the wire. The protuberance-of- coupling-head forming die is
situated contiguously to 



a forward end of the reciprocating movement of the cutting die. The cutting
punch is fixed to a frame and situated in frictional contact with an upper
surface of the cutting die. The protuberance-of-coupl- ing-head forming
punch is situated above a protuberance forming station and vertically
movable toward and away from the forming die. The calking punch calks the
attaching legs of the individual element blanks, which are provided with
the respective protuberances, suc- cessively on a fastener tape
being'supplied intermit- tently at a predetermined pitch. Further, the
rolling 



means have rolling surfaces for providing the individual attaching leg with
a generally C-shape profile, the calking punch has calking surfaces for
providing cut end edges of the individual attaching leg with smooth
REPLACEMENT SHEET Date ............................. beveled surfaces. For
production, the wire of a desired cross 



section is rolled by multi-step rolling while it is supplied intermittently
at a predetermined pitch. The rolled wire has a generally Y-shape cross
section; specifically, each attaching leg has a generally C-shape arcuate
profile. Regarding the profile of the individual fastener element
immediately after cutting, the end of each leg has smooth arcuate surface
unlike the conventional fastener element whose leg end portion is inwardly
bent in a generally L shape with a ridgeline at the bend. Upon completion
of supply of the wire, a first 



ram advances to its front end stop position in which the wire projects by a
predetermined length above of the cutting die. Then the first ram starts
moving backward to cut the projected portion of the wire by the cutting
punch, and at the back end stop position of the first ram, the cut element
blank is moved from. the cutting die to the forming die. However, at this
stage, each of the leg the element blank is substant- ially rectangular in
cross section, which yet is far from that of a smooth arcuate surface. At
that time, the calking punch is stopped restricting the hori- 



zontal movement of the element blank by supporting    REPLACEMENT SHEET
Date   ...2..................... the legs of the element blank from
opposite sides. Then, at the back stop position of the first ram, the
forming punch is lowered along with a pressure pad to form a protuberance
on the coupling head. Then, as the first ram starts moving forwardly, 



the calking punch operates to start calking the legs of the fastener
element. During this calking, the outer cut edge of the individual leg is
deformed so as to have a smooth arcuate surface as the leg is pressed
gradually from its end to base by part of a calking surface of the calking
punch, and the opposite legs of the individual fastener element are bent
toward each other as the outer surfaces of the legs are pressed by the
remaining part of the calking surface. In the fastener element mounted on
the fastener 



tape, at least the cut end edge of each leg is shaped into an entirely
smooth curved profile. Accord- ingly, the resulting slide fastener not only
gives an comfortable touch but also has a low frictional resistance of a
slider so that smooth closing and opening operations of the slide fastener
can be achieved. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a fragmentary
perspective view of a   



slide fastener element forming apparatus according to a typical embodiment
of this invention; FIG. 2 is a vertical cross-sectional view of a fastener
element forming section of the apparatus; FIG. 3 is a plan view showing a
fastener element with its opposite legs ready to be calked; FIG. 4 is a
plan view showing the manner in which the opposite legs of the fastener
element are calked; FIG. 5 is a plan view showing the manner in 



which the fastener element is deformed during the calking; FIG. 6 is a plan
view showing the fastener element upon completion of calking; FIG. 7 is a
fragmentary perspective view of an example of the calking surface of a
calking punch; FIG. 8 is a perspective view showing the manner in which a
wire is rolled by rollers; FIG. 9 is a horizontal cross-sectional view
showing an initial stage of rolling of the wire; 



FIG. 10 is a horizontal cross-sectional view showing a final stage of
rolling of the wire; FIG. 11 is a perspective view showing the fastener
element immediately after having been cut    10 according to this
invention; and FIG. 12 is a perspective view showing the fastener element
immediately after having been 



mounted on a fastener tape according to this invention. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENT A preferred embodiment of this
invention will now be described in detail with reference to the
accompanying drawings. A slide fastener element forming method and
apparatus of this invention comprises, as the most characteristic part,
simultaneously with forming a wire rolled into a generally Y shape in cross
section, shaping opposite attaching legs of a 



generally V-shape cross section into a generally C- shape profile having a
smooth arcuate surface by rolling, and then beveling at least cut edges
with angular ridges of the legs so as to have smooth arcuate surfaces while
the fastener element is mounted on a fastener tape by calking the opposite
legs by a calking punch having a predetermined calking surface after a
protuberance is formed on the individual coupling head obtained by cutting
the wire. FIG. 11 is a perspective view of an element 



blank E obtained from the wire W by the method and apparatus according to
this invention, showing the shape of the element blank E after rolling and
cutting. FIG. 12 is a perspective view showing the shape of the fastener
element E after its opposite legs L have been calked on front and back
sides of a fastener tape T. As is apparent from FIGS. 11 and 12, the rolled
wire W having a generally Y-shape 



cross section is shaped in such a manner that the individual leg L has a
generally C shape in cross section having an arcuate surface from its base
to end unlike the conventional leg having a generally L-shape profile. The
wire W having a generally Y-shape cross section is supplied intermittently
in a predetermined pitch to the apparatus equipped with a cutting punch and
a protuberance-of-coupling-head forming punch. The apparatus used in this
embodiment is identical with the ordinary construction 



disclosed in, for example, EP-A0048969 except a calking punch 13. Therefore
the following description concentrates on the calking punch 13 and its
associated parts, referring to the remain- ing construction only briefly.
FIGS. 1 and 2 show the main structure of a slide    REPLACEMENT SHEET
fastener element forming apparatus according to this 



invention. In FIGS. I and 2, a first ram 2 is horizontally reciprocatingly
movably mounted on a frame 1, and a cutting die 3 having a through hole 3a
for insertion of a wire W having a Y-shape hori- zontal cross section is
situated continuously to the front end of the first ram 2, next to which a
pro- tuberance-of-coupling-head forming die 4 is situated. Above and in
front of the first ram 2, a ram guide 5 is situated having a guide groove
5a in which a second ram 6 is vertically movable in timed relation with the
horizontal reciprocating movement of the 



first ram 2. To the front surface of the first ram 6, a
protuberance-of-coupling-head forming punch 8 and a pressure pad 9, which
presses opposite legs of the element blank E during the forming of a pro-
tuberance, are attached. Further, To the lower end of the ram guide 5, a
cutting punch 10 is fixed in frictional contact with the upper surface of
the first ram 2. Below the through hole 3a of the cutt- ing die 3, a feed
roller 11 and a guide roller 12 are situated for upwardly supplying the
wire W intermittently at a predetermined pitch correspond- 



ing to the thickness of the individual fastener element E.    REPLACEMENT
SHEET On opposite sides of the forming punch 8, a pair of calking punches
13, which is a characteristic part of this invention, are slidably received
in the respective hammer slide grooves 2a formed in the upper surface of
the first ram 2. So the two 



calking punches 13 can move toward and away from each other in and along
the hammer slide grooves 2a to calk the opposite legs L of the individual
fas- tener element E against a fastener tape T, thus mount- ing the
individual fastener element E on the fastener tape T. The calking punches
13, as shown in FIG. 1, are attached to the respective upper ends of
actuating levers 14 substantially perpendicularly thereto, having at their
respective lower ends cam followers 15. Each actuating lever 14 is pivoted
at its central portion on the frame 1 and is hence 



angularly movable about the pivoted central portion so as to cross the
first ram 2 at a predetermined angle, thus causing the coacting calking
punches 13 to slide in the hammer slide grooves 2a toward and away from
each other. FIGS. 3 through 6 show the manner in which opposite legs L of
the fastener element E are deformed gradually from a generally Y shape into
a generally C shape during calking. As shown in FIG.   



REPLACEMENT SHEET 14 7, the calking punch 13 has a calking surface 13a
occupying substantially a half of the calking end and including an
arcuately curved groove 13c having upper and lower taper surfaces 13b. The
foregoing parts are actuated in predetermined timed relation with one
another by a plurality of cams, i.e. a first ram drive cam 17 formed on a
drive output shaft 16 situated at the back of the 



first ram 2, a forming punch actuation cam 18, a calking punch driving cam
19 and a non-illustrated wire supply cam, via cam followers 20, 21, 22 con-
nected with the respective cams 17, 18, 19, as shown in FIG. 1. The cam
follower 20 of the first ram 2 is a roller 2b rotatably supported by the
rear portion of the first ram 2 and resting on the first ram drive cam 17,
and the first ram 2 is urged forwardly by a compression spring 23.  As the
cam 17 is rotated, the compression spring 23.  As the cam 17 is  rotated,
the 



first ram 2 is stopped for a predetermined time at each of a predetermined
front end position and a predetermined rear end position. The cam follower
21 of the forming punch 8 is composed of a roller 24a resting on the
forming punch actuation cam 18, a lever 24b pivotally connected at its
central portion to the frame and pivotally supporting at one end the
REPLACEMENT SHEET 



15 roller 24a, a pin 24c attached to the other end of the lever 24b and
contacting with the head of the second ram 6, and a compression spring 25
for returning the lever 24b to its original position. In the second ram 6,
a non-illustrated compression spring normally urging the second ram 6
upwardly is mounted, so that the lever 24b is pivotally moved by the cam 18
to lower the second ram 6 and returns to its original position under the
bias of the compression spring. The cam follower 22 of the calking punch 13
is, 



as shown in FIGS. 1 and 2, composed of a roller 22a resting on the calking
punch drive cam 19, a down- wardly extending lever 22b pivotally connected
at its central portion to the frame 1 and pivotally supporting at one end
the roller 22a, a link 22c pivotally connected at its central portion to
the other end of the lever 22b, a third ram 22d pivotally supporting at its
rear end a distal end of the link 22c, and the actuating lever 14 having on
its upper portion the calking punch 13 and connected at its central
portion. The front end of the third ram 22d 



has on each of opposite sides a cam surface 22e having an outwardly
extending end, and a cam follower 15 supported by the lower end of the
actuating lever 14 is in contact with.the cam surface 22e. As
REPLACEMENT SHEET 2 0 MAR 1 Date   ......................... 16 



the third ram 22d is retracted, the cam follower 15 contacting the cam
surface 22e pivotally moves the actuating lever 14 to actuate the calking
punch 13. The third ram 22d is returned to its original position by a
compression spring 32. Therefore, by changing either the cam follower 15 or
the cam surface 22e, it is possible to change the limit of movement of the
calking punch 13. A wire feed cam follower 26 is composed of a roller 26a
resting on a wire feed cam 33, a slider 26b pivotally supporting at one end
the roller 26a, 



a ratchet 26c attached to the other end of the slider 26b, and a ratchet
wheel 26d to be rotated intermittently in a predetermined angular pitch in
one way by the ratchet 26c. The ratchet wheel 26d is connected with a wire
feed roller 11 by a transmission shaft 27 so that the wire W is
intermittently supplied by the wire feed roller 11. The slider 26b is
returned to its original position by a compression spring 26e. Downstream
of the wire feed roller 11 and the guide roller 12 along the wire W, a
number of rollers for rolling the wire 



W are arranged. FIG. 8 shows an example of rolling mill 31 composed of four
rollers 31a - 31d respectively    REPLACEMENT SHEET 17 having forming
surfaces facing one another to jointly define a space of a predetermined
shape for insertion of the wire W. The rollers 31a - 31d are 



rotated synchronously to compress the circumferential surface of the wire W
to roll the wire W into a pre- determined cross-sectional shape. The
rolling mill 31 should by no means be limited to be composed of four
rollers 31a - 31d and may be composed of two rollers 31a, 31b respectively
having unique forming. surfaces, as shown in FIGS. 9 and 10. The rolling
mill 31 is a multi-step structure; a wire W having a circular cross section
is passed through a first-step rolling mill 31 so as to be deformed into a
shape shown in FIG. 9 and is then passed through a number 



of steps of different rolling mills 31 so as to be finally deformed from an
entirely smooth, generally Y-shape cross section, particularly the
attaching leg L, into a generally C-shape arcuate profile, as shown in FIG.
10. On the other hand, a fastener stringer feed cam follower 28, as shown
in FIG. 1, is composed of a roller 28a resting on a fastener stringer feed
cam 29, a first lever 28b pivotally connected at its central portion to the
frame 1 not shown here and pivotally supporting at one end the roller 28a
and 



REPLACEMENT SHEET at the other end the roller 28c, and a second lever 28d
pivotally movable downwardly by the roller 28c and normally urged upwardly
by a tension spring 28f. On the base end of the second lever 28d, a pair of
stringer feed rollers 30 are supported via a one-way clutch (not shown) for
intermittent rotation in one way to feed a fastener stringer. 



In the foregoing apparatus, various parts are operated in predetermined
timed relation with one another to form the individual fastener elements
according to the method of this invention. FIG. 11 shows the shape of the
element blank E after rolling and cutting. FIG. 12 shows the shape of the
fastener element E after its opposite legs L have been calked on front and
back sides of a fastener tape T. As mentioned above, a wire W of a
generally Y- shape cross section, which is rolled in such a manner that the
profile of the attaching leg L has a 



smooth arcuate surface, is fed intermittently at a predetermined pitch
until the first ram 2 reaches its front stop position, namely, until the
wire W projects above from the cutting die 4 by a predetermined length. In
the first half of this step, the previous fastener element E has already
been mounted on a fastener tape T to form a fastener    REPLACEMENT SHEET 



19 stringer S, and immediately after the opposite calking punches 13 are
retracted from the opposite legs L, the fastener stringer S is started to
be pulled upwardly. After the coupling head of the fastener element E is
removed from the forming die 4 situated contiguously to the front end of
the cutting die 3, the first ram 2 is retracted. Therefore, the fastener
elements E mounted on the fastener tape T are free from being caught by the
forming die 4 that is retracted by the first ram 2. 



Then, as the first ram 2 is retracted, the wire W is cut by the cutting
punch 10. FIG. 11 shows the profile of the element blank E. As is apparent
from FIG. 11, regarding the profile of the individual fastener element
immediately after cutting, the end of each leg has smooth arcuate surface
unlike the conventional fastener element whose leg end portion is inwardly
bent in a generally L shape with a ridgeline at the bend. However, at this
stage, the leg of the element blank is substantially rectangular in cross
section, 



which yet falls far short of a smooth arcuate surface. Subsequently, as the
first ram 2 stops retracting, the forming punch 8 and the pressure
REPLAEMENT SHEET 20 pad 9 are lowered in cooperation to form a protuberance
on the coupling head. At that time, the 



calking punch 13 also is stopped, supporting the opposite legs L of the
fastener element E from opposite sides, as shown in FIG. 3. When the first
ram 2 starts moving forwardly, the calking punch 13 is operated to calk the
opposite legs L of the fastener element E progressively as shown in FIGS. 3
through 6, mounting the fastener element E on the fastener tape T. During
this calking, the outer cut edges of the attaching leg L is deformed into a
smooth arcuate surface as the leg L is pressed pro- gressively from its end
to base by the arcuate taper 



surfaces 13b of the groove-shape calking surface 13a of the calking punch
13, as shown in FIGS. 3 through 6. At the same time, the profiles of the
opposite legs L are pressed toward each other by the arcuate bottom surface
13c of the calking surface 13a to be deformed, completing the mounting of
the fastener element E as shown in FIG. 12. Then the procedure goes back to
the above-mentioned stage. In the fastener element E mounted on the
fastener tape T, as is apparent from FIG. 12, at' least the cut edges of
the attaching legs L are 



shaped into an entirely smooth arcuate profile.    Accordingly, the
resulting slide fastener gives not only an excellent touch but also a low
frictional resistance with a slider so that the slide fastener can be
closed and opened smoothly. As is understood from the foregoing
description, according to this invention, the wire W is rolled into a
generally Y shape in cross section and, at the 



same time, the attaching legs are formed into a generally C shape having a
smooth arcuate surface rather than the conventional generally L shape
having a ridgeline, whereupon the coupling head of the individual element
blank E obtained by cutting the wire W into-slices of element blanks E
having a predetermined thickness is provided with a protuberance by
pressing. Therefore this invention is particularly advantageous to improve
the rate of production. Further, since the cut edges of the legs L, which
are initially generally right-angled in 



cross section, are shaped into a smooth arcuate profile as pressed by the
calking punch 13 when the generally C-shape legs L of the element blank E
are calked on front and back sides of the fastener tape T for mounting the
fastener elements E, the entire surfaces of the fastener elements E mounted
on the fastener tape are free from any harsh touch, not    REPLACEMENT
SHEET 



22 only giving a neat appearance but also guaranteeing a very smooth
movement of the slider.    REPLACEMENT SHEET CLAIMS: 1.  A row of slide
fastener elements (E) which are formed by supplying intermittently at a
pre- determined pitch a wire (W) rolled into generally Y 



shape in cross section, cutting the rolled wire transversely into slices of
element blanks of a predetermined thickness, each slice of the element
blanks having a coupling head and a pair of attaching legs (L), forming a
protuberance on the coupling head of each of the element blanks to finalize
the coupl- ing head, and mounting each of.the element blanks successively
on an intermittently supplied fastener tape (T) at predetermined positions
by calking the attaching legs (L) thereof on front and back sides of the
fastener tape (T) to finalize the individual 



element blanks as the slide fastener elements (E); wherein said legs (L) of
each slide fastener element (E) has a substantially arcuate profile as
provided during the rolling, and at least cut edges of said legs (L) have
smooth beveled surfaces as provided during the calking. 2.  A method for
forming a row of slide fastener elements, comprising the steps of: (a)
rolling a wire (W) into a generally Y shape in cross section while the wire
is intermittently  



supplied at a predetermined pitch; (b) cutting the rolled wire (W)
transversely into slices of element blanks of a predetermined thickness,
each slice of the element blanks having a coupling head and a pair of
attaching legs (L); (c) forming a protuberance on the coupling head of each
of the element blanks to finalize the coupling head; (d) mounting the
element blanks with the 



finalized coupling heads successively on an intermittently supplied
fastener tape (T) at predetermined positions by calking the attaching legs
(L) of each of the element blanks on front and back sides of the fastener
tape (T) to finalize the individual element blanks as the slide fastener
elements (E); (e) providing the legs (L) of each slide fastener element (E)
with a substantially arcuate profile during the rolling; and (f) providing
at least cut edges of the legs 



(L) with smooth beveled surfaces during the calking. 3. An apparatus for
forming a row of slide fastener elements, comprising: (a) rolling means
(31) for rolling a wire (W) into a generally Y shape in cross section while
the    wire (W) is intermittently supplied at a pre- determined pitch; (b)
a cutting die (3) having on a wire supplying 



path a through hole (3a) for insertion of the rolled wire (W) and movable
receprocatingly in a direction of cutting the wire (W); (c) a
protuberance-of-coupling-head forming die (4) situated contiguously to a
forward end of the reciprocating movement of said cutting die (3); (d)
cutting punch (10) fixed to a frame (1) and situated in frictional contact
with an upper surface of said cutting die (3); (e) a
protuberance-of-coupling-head forming punch (8) situated above a
protuberance forming station 



and vertically movable toward and away from said forming die (4); and (f) a
calking punch (13) for calking the attaching legs (L) of the individual
element blanks, which are provided with the respective protuberances,
successively on a fastener tape (T) being supplied intermittently at a
predetermined pitch; (g) said rolling means (31) having rolling surfaces
for providing the individual attaching leg (L) with a generally C-shape
profile; (h) said calking punch (13) having calking 



surfaces (13a) for providing cut edges of the individual attaching leg (L)
with smooth beveled surfaces.    








