
2173145 APPARATUS FOR FORMING A ROW OF COUPLING ELEMENTS FOR SLIDE FASTENER
The present invention relates generally to the production of slide
fasteners, and more particularly to an apparatus for forming a row of
coupling elements for slide fasteners on a rotating die wheel. 5
Canadian Patent No. 669,722 and Japanese Patent Laid-Open Publication No.
59-125506 disclose a coupling-element forming apparatus which comprises a
heated die wheel having an annular central groove in its peripheral surface
and a pair of rows of 10  circumferentially staggered pins disposed one row
on each side of the groove.  In this prior apparatus, a monofilament of
thermoplastic synthetic resin is wound around the pins on the peripheral
surface of the rotating die wheel, and then it is forced into the 15 groove
so as to be folded into a succession of U-shaped coupling element blanks,
and subsequently the successive U-shaped coupling element blanks are shaped
into a final shape as their lower turned portions are deformed by a punch
linearly movable into the groove.    -2- A primary problem with the known
apparatus is that because the punch moves linearly, as shown in Figure 10
of the accompanying drawings, the coupling heads 9a 



would be shaped as objectionably flowed to one side, if 5 the die wheel is
continuously rotated during the shaping of the coupling heads 9a. This
objectionably deformed coupling heads 9a would impede correct coupling of
the resulting coupling elements 12'. In order to avoid such objectionably
deformed coupling 10 heads, the die wheel of the known apparatus must be
rotated intermittently as the punch reciprocates into and out of the
groove. Because of this intermittent rotation of the die wheel, an adequate
rate of production cannot be achieved. 15         The present invention
seeks to provide an apparatus for forming a row of coupling elements for
slide fasteners which apparatus has a punching unit capable of shaping
coupling heads of a correct form while a die wheel is continuously rotated.
20         According to the present invention, there is provided an
apparatus for forming a row of coupling elements for slide fasteners from a
row of coupling element blanks of thermoplastic synthetic resin,
comprising: a frame; a die wheel mounted on said frame 25 for continuous
rotation and having an annular groove in its peripheral surface for
receiving the row of coupling element blanks in U-shaped folded fashion;
and    -3- a punching unit mounted on said frame in confronting 



relation to said peripheral surface of said die wheel for punching the
folded coupling element blanks in said groove to from coupling heads
characterized in that 5  said punching unit includes an eccentric drive
shaft eccentrically connected to a driving shaft rotatably mounted on said
frame for eccentric rotation, an outer ring mounted on said eccentric drive
shaft and responsive to the eccentric rotation thereto for 10  eccentric
motion, a punch mounted on one end of said outer ring and projecting into
said annular groove for shaping the coupling heads on the folded coupling
element blanks, and a linkage connected to the other end of said outer ring
for regulating the eccentric 15  motion of said outer ring in such a manner
that said punch follows the rotation of said die wheel while the coupling
heads are shaped on each stroke of said punch. Many other advantages,
features and additional objects of the present invention will become
manifest 20  to those versed in the art upon making reference to the
detailed description and the accompanying sheets of drawings in which a
preferred structural embodiment incorporating the principles of the present
invention is shown by way of illustrative example. 25         Figure 1 is a
front elevational view of an apparatus for forming a row of zigzag coupling
elements according to the present invention;    



-4- Figures 2A, 3A, 4A and 5A are fragmentary enlarged plan views of a die
wheel, illustrating the manner in which a monofilament is progressively
shaped into a row of zigzag coupling elements; Figures 2B, 3B, 4B and 5B
are cross-sectional views of Figures 2A, 3A, 4A and 5A, respectively;
Figure 6 is a cross-sectional view taken along line VI-VI of Figure 1;
Figures 7A through 7D are cross-sectional views 10  taken along an annular
peripheral groove of the die wheel, illustrating the movement of a punch;
Figure 8 is a fragmentary side elevational view of the zigzag-shaped
monofilament having been folded into successive U-shaped coupling element
blanks; 15         Figure 9 is a view similar to Figure 8, showing a row of
coupling elements each having a coupling head shaped by the punch according
to the present invention; and Figure 10 is a view similar to Figure 9,
showing 20 a row of coupling elements each having an objectionably deformed
coupling head shaped by a conventional punch. As shown in Figure 1, an
apparatus for forming a row of continuous zigzag coupling elements 12 for
slide fasteners comprises a die wheel 1 mounted on a frame 2 25 for
continuous rotation. The die wheel 1 has an annular central groove 5 in its
peripheral surface 4, and a pair of rows of circumferentially staggered
pins  



-5- 4, 4 disposed one row each side of the groove 5, as shown in Figures 2A
and 2B, there being a pair of rows of circumferentially staggered
projections 6, 6 on opposite side walls of the groove 5. 5         The
apparatus also includes a winding unit 13 for winging a monofilament 7 of
thermoplastic synthetic resin alternately around the pins 4 across the
central groove 5 in a zigzag form (Figure 2A), a lifting unit 14 for
lifting up the zigzag monofilament 7 away from 10  the pins 4 (Figure 3B),
and a bending unit 15 for forcing the lifted zigzag monofilament 7 into the
central groove 5 to form a row of zigzag coupling element blanks 8 having
parallel legs 10 interconnected at their lower ends by lower connecting
portions 15  (Figures 3A and 3B). The apparatus still also includes a
punching unit 20 for deforming each lower connecting portion to form a
coupling head 9 having a pair of lateral projections (Figures 4A and 4B), a
hammering unit 16 20 for bending upper end portions of the parallel legs 10
laterally outwardly away from each other to form raised connecting portions
11, 11 interconnecting adjacent coupling element blanks 8 (Figures 5A and
5B), and a discharging unit 17 for removing the thus formed 25  coupling
elements 12 from the die wheel 1.  The die wheel 1 is heated by a heating
unit 18 disposed on the 



upper side of the die wheel 1 and is cooled by a    -6- cooling unit 19
disposed on the lower side of the die wheel 1. The punching unit 20 is
disposed on the rear side of the die wheel 1 (Figure 1) and includes a
punch 5 25, an eccentric drive mechanism for moving the punch 25, and a
linkage 30 for regulating the movement of the punch 25. As shown in Figure
6, the eccentric drive mechanism includes an eccentric drive shaft 21
having an axis L2 eccentric to the axis L1 of a driving shaft 10  (not
numbered), an eccentric adjusting sleeve 22 of a circumferentially
increasing thickness mounted on the eccentric drive shaft 21 and secured
thereto by means of a headless screw 23. An outer ring 24 is rotatably
mounted on the eccentric adjusting sleeve 22 via a 15 bearing 27, and an
inner ring of the bearing 27 is fixedly secured to the eccentric drive
shaft 21 by means of a washer 28 and a screw 29 threadedly extending into a
free end of the eccentric drive shaft 21. By loosening the screws 23, 29,
the eccentric 20 adjusting sleeve 22 can be circumferentially moved about
the eccentric drive shaft 21 through an angle for adjusting the distance by
which the center of the outer ring 24 deviates from the axis L1 of the
unnumbered driving shaft. 



25          The punch 25 is attached by a screw 26 to one end of the outer
ring 24 so as to face the peripheral surface 3 of the die wheel 1 in
registry with the    - 7 - groove 5.  As shown in Figure 1, the linkage 30
includes a first rod 34 extending from the other end of the outer ring 24
remotely from the punch 25, and a second rod 31 pivotally mounted at one
end on the frame 2 by means of a pin 32 and pivotally connected at the
other end to a free end of the first rod 34.  The first and second rods 34,
31 are pivotable, in response to eccentric motion of the outer ring 24
caused by the rotation of the eccentric drive shaft 21, for 10  regulating
the motion of the outer ring 24. Figures 7A through 7D illustrate a
sequence of movements of the punch 25 during a single rotation of the
eccentric drive shaft 21, showing the manner in which several successive
coupling heads 9 are formed on 15  the lower connecting portions of the
folded coupling element blanks 8.  Firstly, a punching head of the punch 25
is disposed midway in the annular central groove 5, as shown in Figure 7A.
Then as the eccentric drive shaft 21 starts rotating to cause eccentric 20
motion, the punch 25 is moved toward the bottom of the groove 5, and at the
same time, it is also moved in the direction of rotation of the die wheel
21, namely, from 



the phantom-line position to the solid-line position in Figure 7B, thus
pressing several lower connecting 25  portions of the folded coupling
element blanks 8 against the bottom of the groove 5 to form coupling heads
9.    -8- The formation of the coupling heads 9 continues as the punch 25
is further moved from the phantom-line position to the solid-line position
in Figure 7C, following the rotation of the die wheel 1. Finally, 5 the
punch 25 is moved gradually away from the bottom of the groove 5, and at
the same time, it is also moved in a direction opposite to the rotation of
the die wheel 2, from the phantom-line position to the solid-line position
in Figure 7D. As a result, the punch 25 10  returns to the initial position
of Figure 7A and hence a single cycle of movements of the punch 25 has been
completed. Thus, owing to the combination of the eccentric motion of the
eccentric drive shaft 21 and the motion 15 of the linkage 30, the punch 25
is moved along a flat oval course at a speed substantially equal to the
pheripheral speed of the die wheel 1. It is therefore possible to form the
coupling heads 9 with accuracy while the die wheel 1 is continuously
rotated. 20         The degree to which the lower connecting 



portions of the coupling element blanks 8 are compressed by the punch 25
can be adjusted by turning the eccentric adjusting sleeve 22 with respect
to the eccentric drive shaft 21..  Also, the orbital course 25  along which
the punch 25 is moved may be varied by selecting a desired length of the
individual rod 31, 34 of the linkage 30 in combination of the distance by
-9- which the axis of the eccentric adjasting sleeve 22 deviates from the
axis L1 of the unnumbered driving shaft.  Moreover, if more than one rod is
added to the linkage 23, a much better orbital course for the punch 5  25
can be achieved.  If the distance between the center of the outer ring 24
and the axis L1 of the driving shaft needs not to be adjusted and is equal
to the distance between the axis L2 of the eccentric drive shaft 21 and the
axis L1 of the driving shaft, the 10  eccentric adjusting sleeve 22 may be
omitted and hence may be mounted on the eccentric drive shaft 21 via only
the bearing 27. Although the coupling elements are formed from a
monofilament in the illustrated embodiment, the present 15  invention is
equally useful when applied to the case where the coupling elements are to
be formed from a succession of laterally spaced coupling element blanks
molded on a molding die wheel and interconnected by a 



pair of longitudinal connecting threads in a 20  ladder-like fashion.
According to the present invention, since the outer ring 24 mounted on the
eccentric drive shaft 21 is connected at one end to the punch  25 and at
the other end to the linkage 30, the punch 25 is movable so 25 as to follow
the rotation of the die wheel 1, owing to the combination of the eccentric
motion of the eccentric drive mechanism and the motion of the linkage    -
10- 30. With this arrangement it is possible to form coupling heads 9 of
the coupling elements 12 with accuracy while the die wheel 1 is
continuously rotated, and therefore it is possible to manufacture good 5
quality coupling elements without reducing the rate of production. 10 15 20
25    1.  An apparatus for forming a row of coupling elements for slide
fasteners from a row of coupling element blanks of thermoplastic synthetic
resin, 



5  comprising: (a). a frame; (b) a die wheel mounted on said frame for
continuous rotation and having an annular groove in its peripheral surface
for receiving the row of coupling 10  element blanks in U-shaped folded
fashion; and (c) a punching unit mounted on said frame in confronting
relation to said peripheral surface of said die wheel for punching the
folded coupling element blanks in said groove to form coupling heads, said
15 punching unit including 1) an eccentric drive shaft eccentrically
connected to a driving shaft rotatably supported on said frame for
eccentric rotation, 2) an outer ring mounted on said eccentric 20
drive shaft and responsive to the eccentric rotation thereto for eccentric
motion, 3) a punch mounted on one end of said outer ring and projecting
into said annular groove for shaping the coupling heads on the folded 25
coupling element blanks, and 4) a linkage connected to the other end of
said outer ring for regulating the eccentric    - 12 - motion of said outer
ring in such a manner that said punch follows the rotation of said die
wheel while the 



coupling heads are shaped on each stroke of said punch. 2. An apparatus
according to claim 1, said 5 punching unit further including an eccentric
adjusting sleeve disposed between said eccentric drive shaft and said outer
ring, said eccentric adjusting sleeve having a circumferentially gradually
increasing thickness and adjustably mounted on said eccentric drive shaft.
10         3.  An apparatus according to claim 1, said linkage including a
first rod extending from said outer ring, and a second rod pivotally
connected at one end to a free end of said first rod and pivotally mounted
at the other end to said frame. 15 20 25    


