
2173442 METHOD AND APPARATUS FOR FORMING A ROW OF ZIGZAG COUPLING ELEMENTS
FOR SLIDE FASTENERS The present invention relates generally to the
production of slide fasteners, and more particularly to a method of and an
apparatus for forming a row of continuous zigzag coupling elements for
slide fasteners 5 from a filament of thermoplastic synthetic resin.
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 10 its peripheral
surface and a pair of rows of circumferentially staggered pins disposed one
row on each side of the groove. This prior apparatus also comprises a
series of working units, i.e. a winding unit for winding a monofilament of
thermoplastic 15  synthetic resin around the.pins in a zigzag form across
the groove, a bending unit for forcing the zigzag monofilament into the
groove to form a row of zigzag coupling element blanks having parallel legs
interconnected at their lower ends by lower connecting    -2- portions, a
punching unit for compressing the lower connecting portions against the
bottom of the groove to form coupling heads each having a pair of lateral
projections, a hammering unit (as occasion demands) for 5 bending upper end
portions of the parallel legs 



laterally outwardly away from each other to form raised connecting portions
interconnecting adjacent coupling element blanks, and a discharging unit
for removing the thus finalized coupling elements from the die wheel, 10
these working units being arranged around the peripheral surface of the die
wheel in this order. Further, a heating means, such as an electric heater
or a low-frequency induced heater, is mounted in the die wheel for heating
the whole thereof to a temperature 15 suitable for heat-setting of the
monofilament. The discharging unit includes a scraper having a distal end
touching the bottom of the annular peripheral groove of the die wheel.
Immediately before it is discharged, the monofilament in the shape of 20
coupling elements is instantanously heat set by blowing outside air.
However, because the monofilament about to be discharged remains to be soft
at the heat setting temperature due to the heated die wheel, coupling heads
formed on the monofilament would be objectionably 25  deformed due to the
contact with the distal end of the scraper. These objectionably deformed
coupling heads would result in staggered inter-element pitches as    -3-
exposed to the wind of the outside air. The present invention seeks to
provide a method of and an apparatus for forming a row of zigzag coupling
elements, in which a monofilament of thermoplastic 5         synthetic
resin can be shaped into the final form of 



coupling elements easily and stably and in which the coupling elements of
the final shape can be discharged from a heating die wheel without being
objectionably deformed. Consequently the present invention enables an 10
improved rate of production. According to a first aspect of the present
invention, there is provided a method of forming a row of continuous zigzag
coupling elements for slide fasteners on a rotating die wheel having an
annular 15        groove in its peripheral surface, and a pair of rows of
circumferentially staggered pins, disposed one row on each side of said
groove, said method comprising the steps of: (a) heating said die wheel
from its inside such 20        that, throughout the coupling element
formation, the whole of said die wheel remains at a predetermined
temperature slightly lower than the temperature at which a monofilament of
thermoplastic synthetic resin is deformable: 25            (b) winding the
monofilament alternately around the pins across the annular groove in a
zigzag form; (c) forcing the zigzag monofilament in the annular groove so
as to shape the same into a row of folded U-shaped zigzag coupling element
blanks having parallel 30        legs interconnected at their lower ends by
lower connecting portions; (d) compressing the lower portions of the
U-shaped coupling element blanks into the shape of coupling heads and
putting the coupling element blanks in a final form 35        of the
coupling elements; and (e) immediately before said compressing, 



additionally heating the die wheel locally from its    4 outside such that
the temperature of the monofilament in the form of U-shaped coupling
element blanks rises to a characteristic heat setting temperature of the
thermoplastic synthetic resin of. the monofilament. 5          According to
a second aspect of the present invention there is provided an apparatus for
forming a row of continuous zigzag coupling elements for slide fasteners
from a monofilament of thermoplastic synthetic resin, said apparatus
comprising: 10         (a) a frame; (b) a die wheel mounted on said frame
for rotation and having an annular groove in its peripheral surface, and a
pair of rows of circumferentially staggered pins disposed one row on each
side of said annular groove: 15         (c) a winding unit disposed in
confronting relation to said peripheral surface of said die wheel for
winding the monofilament alternately around said pins across said annular
groove in a zigzag form: (d)  a bending unit disposed in confronting
relation 20     to said peripheral surface of said die wheel and spaced
circumferentially from said winding unit in the direction of rotation of
said die wheel for forcing the zigzag monofilament in said annular groove
so as to shape the same into a row of folded U-shaped zigzag 25
coupling element blanks having parallel legs interconnected at their lower
ends by lower connecting 



portions:    5 (e) means including a punching unit disposed in confronting
relation to said peripheral surface of said die wheel and spaced
circumferentially from said bending unit in the direction of rotation of
said die wheel for compressing the lower connecting portions of the
U-shaped coupling 5    element blanks into [err] shape of coupling heads
for putting the coupling element blanks in a final form of the coupling
elements; (f) an interior heater disposed within said die wheel for heating
the lattersuch that, throughout the coupling  element formation, the whole
of said die wheel remains at a predetermined temperature slightly 10
lower than the temperature at which the monofilament is deformable; and (g)
an exterior heater disposed betwen [err] bending unit and said punching
unit               relation to s          pheral surface of said die wheel.
[err] heating said die wheel locally such that the-temperatre t   the
monofilament in the form of U-shaped 15   coupling element blanks rises to
a characteristic heat setting temperature of the thermoplastic synthetic
resin of the monofilament. The invention will be described by way of
example with reference to the accompanying drawings, wherein:- Figure 1 is
a side elevational view of an apparatus for forming 20   a row of zigzag
coupling elements according to the present invention; Figures 2A, 3A, 4A
and 5A are fragmentary enlarged plan view of a die  wheel, illustrating the
manner in which a monofilament is progressively shaped into a row of zigzag
coupling elements; Figures 2B, 3B, 48 and SB are cross sectional   



views taken along line X-X of Figures 2A, 3A, 4A and 5A, respectively; and
Figure 6 is an enlarged cross-sectional view taken along line A-A of Figure
1. 5        As shown in Figure 1, an apparatus for forming a row of
continuous zigzag coupling elements 11 for slide fasteners includes a die
wheel 1 mounted on a frame 2 for rotation by a suitable drive (not shown).
The die wheel 1 has an annular central groove 5 in its 10 peripheral
surface 3, and a pair of rows of circumferentially staggered pins 4, 4
disposed one row on each side of the groove 5, as shown in Figures 2A, 2B,
3A, 3B, 4A, 4B, 5A and 5B, there being a pair of rows of circumferentially
staggered projections 6, 6 on 15 opposite side walls of the groove 5. The
apparatus also includes a winding unit 12 for winding a monofilament 7 of
thermoplastic synthetic resin, such as polyester and polyamide, alternately
around the pins 4,4 across the groove 5 in a zigzag 20  form (Figure 2A), a
lifting unit 13 for lifting the zigzag monofilament 7 away from the pins 4
(Figure 3B), and a bending unit 14 in the form of a rotary disk for forcing
the lifted zigzag monofilament 7 into the groove 5 to form a row of zigzag
coupling element 25 blanks 8 having parallel legs 9,9 interconnected at
their lower ends by lower connecting portions (Figures 3A and 3B).    



The apparatus still also includes a punching unit 16 for compressing or
deforming each lower connecting portion to form a coupling head 10 having a
pair of lateral projections (Figures 4A and 4B), a 5 hammering unit 17 for
bending upper end portions of the parallel legs 9,9 laterally outwardly
away from each other to form raised connecting portions 9',9'
interconnecting adjacent coupling element blanks 8 (Figures 5A and 5B), and
a discharging unit 18 for 10  removing the thus finalized coupling elements
11 from the die wheel 1. The discharging unit 18 is in the form of a
scraper having a distal end touching the bottom of the groove 5. The
peripheral surface 3 of the die wheel 1 is additionally (as described
below) 15 heated locally by an exterior heater 15 disposed on the upper
side of the die wheel 1 for heat setting the monofilament 7 in the form of
U-shaped coupling element blanks 8, and is cooled locally by a cooling unit
20 disposed on the lower side of the die wheel 1. 20         According to
the types of coupling elements, the hammering unit 17 may be omitted, and
according to the conditions for temperature, the cooling unit 20 also may
be omitted. As shown in Figures 1 and 6, the die wheel 1 is 25  fixedly
mounted on a shaft 30 rotatably supported on the frame 2 and has a hollow
24 within which an interior heater 26 is disposed for heating the whole of
the die wheel 1 so as to maintain its temperature 



slightly lower than the temperature at which the monofilament 7 is
deformable. The interior heater 26 comprises a low-frequency
electromagnetic induction coil fixedly mounted on the frame 2.
Alternatively, the interior heater 26 may be an electric heater or a
heat-medium circulating heater. The die wheel 1 has in its one side surface
a number of openings 27 communicating with the hollow 24 10 for radiation
purposes. Also as shown in Figures 1 and 6, the exterior heater 15 is
disposed in confronting relation to the peripheral surface 3 of the die
wheel 1 and includes a blast pipe 22 for heated air, and a cover 23 of 15
generally C-shaped cross section connected to the blast pipe 22 and
enclosing an upper portion of the peripheral surface 3. The cover 23 is
closed at one end (left in Figure 1) adjacent to the punching unit 16 and
is open at the other end (right in Figure 1) 20 adjacent to the bending
unit 14 so that the heated air introduced from the blast pipe 22 flows from
the punching-unit end to the bending-unit end in the direction of an arrow
a. A change-over valve 21 is mounted in the blast pipe 22 for discharging
heated air 25 upon termination of the apparatus operation. Likewise, the
cooling unit 20 is disposed in confronting relation to the peripheral
surface 3 of the    die wheel 1 and includes a blast pipe 29 for outside
air, and a cover 28 of generally C-shaped cross section 



connected to the blast pipe 29 and enclosing a lower portion of the
peripheral surface 3. The cover 28 is 5 closed at one end (right in Figure
1) adjacent to the discharging unit 18 and is open at the other end (left
in Figure 1) adjacent to the hammering unit 17 so that the outside air
introduced from the blast pipe 29 flows from the discharging-unit end to
the hammering-unit end 10 in the direction of an arrow b opposite to the
direction of rotation of the die wheel 1. The method of the present
invention is carried out on the above-discribed apparatus in the following
manner: 15          Firstly, a monofilament 7 of thermoplastic synthetic
resin, e.g. polyethylene terephthalate, is wound alternately around the
pins 4 across the central groove 5 in the peripheral surface 3 of the die
wheel 1 in a zigzag form (Figures 2A and 2B). Then the zigzag 20
monofilament 7 is lifted away from the pins 4 by the lifting unit 13 and is
subsequently forced in the central groove 5 so as to be shaped into a row
of folded U-shaped coupling element blanks 8 having parallel legs 9,9
interconnected at their lower ends by 25 lower connecting portions (Figures
3A and 3B). Durinq that time, as described below, the monofilament 7 is
heated by the interior heater 26 at a constant    10 temperature slightly
lower than the characteristic temperature at which the particular
monofilament 7 is 



deformable. The monofilament 7, in the form of the thus 5 U-shaped coupling
element blanks. 8 retained in the groove 5, is additionally heated locally
by the exterior heater 15 such that its temperature rises to a heat setting
temperature, whereupon the lower connecting portions of the U-shaped
coupling element 10 blanks 8 are compressed or deformed, by a reciprocable
punch head 16' of the punching unit 16, into the shape of coupling heads 10
each having a pair of lateral projections (Figures 4A and 4B).
Subsequently, the opposed upper end portions of 15 the parallel legs 9,9 of
the coupling element blanks 8 projecting from the central groove 5 are
bent, by stepped portions of a rotary hammer head 17' of the hammering unit
17, laterally outwardly away from each other to form raised connecting
portions 9', 9' 20 (Figures 5A and 5B). Thus the row of zigzag coupling
elements 11 of a final shape has been provided. Finally, this row of zigzag
coupling elements 11 retained in the groove 5 is removed and discharged
from the peripheral surface 3 of the die wheel 1 by the 25 scraper of the
discharging unit 18 after having been cooled by the cooling unit 20. Thus a
single cycle of coupling-element formation has been completed.    During
the above coupling-element forming operation, the rotating die wheel 1 is
heated by the interior heater 26 so as to remain at a constant 



temperature ranging from [err] to [err] which is slightly 5 lower than the
characteristic deforming temperature of polyethylene terephthalate.
Immediately before the coupling heads 10 are formed, the monofilament 7 in
the form of U-shaped coupling element blanks 8 is locally heated up to the
10 characteristic heat setting temperature of polyethylene terephthalate by
the exterior heater 15 through which heated air at a temperature ranging
from about 1200C to about 1300C is blown. According to the present
invention, it is 15 possible to. shape a monofilament of thermoplastic
synthetic resin into the predetermined final form of coupling elements
easily and stably. Also the coupling elements in the predetermined shape
can be discharged from the die wheel without being objectionably deformed.
20 Consequently the present invention is particularly suitable for
high-speed production of a continuous row of zigzag coupling elements. 25
-12- CLAIMS: - 1. A method of forming a row of continuous zigzag coupling
elements for slide fasteners on a rotating die wheel having an annular
groove in its 5  peripheral surface, and a pair of rows of
circumferentially staggered pins, disposed one row on each side of said
groove, said method comprising the 



steps of: (a) heating said die wheel from its inside such 10 that,
throughout the coupling element formation, the whole of said die wheel
remains at a predetermined temperature slightly lower than the temperature
at which a monofilament of thermoplastic synthetic resin is deformable; 15
(b)  winding the monofilament alternately around the pins across the
annular groove in a zigzag form; (c) forcing the zigzag monofilament in the
annular groove so as to shape the same into a row of folded U-shaped zigzag
coupling element blanks having 20 parallel legs interconnected at their
lower ends by lower connecting portions; (d) compressing the lower portions
of the U-shaped coupling element blanks into the shape of coupling heads
and putting    the coupling element 25  blanks in a final form of the
coupling elements; and (e) immediately before said compressing,
additionally heating the die wheel locally from its    -13- outside such
that the temperature of the monofilament in the form of U-shaped coupling
element blanks rises to a characteristic heat setting temperature of the
thermoplastic synthetic resin of the monofilament. 5         2.  A method
according to claim 1, further comprising the step of cooling the
monofilament in the final form of the coupling elements immediately before 



discharging the same from the die wheel. 3.  A method according to claim 1,
including 10  the operation        of bending opposite upper end portions
of the parallel legs of the U-shaped coupling element blanks laterally
outwardly away from each other to form raised connecting portions
subsequently to said compressing. 15         4.  An apparatus for forming a
row of continuous zigzag coupling elements for slide fasteners from a
monofilament of thermoplastic synthetic resin, said apparatus comprising:
(a) a frame; 20         (b)  a die wheel mounted on said frame for rotation
and having an annular groove in its peripheral surface, and a pair of rows
of circumferentially staggered pins disposed one row on each side of said
annular groove; 25         (c)  a winding unit disposed in confronting
relation to said peripheral surface of said die wheel for winding the
monofilament alternately around said    - 14 - pins across said annular
groove in a zigzag form; (d) a bending unit disposed in confronting
relation to said peripheral surface of said die wheel and spaced
circumferentially           from said winding unit in the direction of
rotation of said die wheel for forcing the zigzag monofilament in said
annular groove so as to shape the same into a row of folded U-shaped 



zigzag coupling element blanks having parallel legs interconnected at their
lower ends by lower connecting 10 portions; (e) means including a punching
unit disposed in confronting relation to said peripheral surface of said
die wheel and spaced circumferentially from said bending unit in the
direction of rotation of said die wheel for 15 compressing the lower
connecting portions of the U-shaped coupling element blanks into the shape
of coupling heads for putting       the coupling element blanks in a final
form of the coupling elements; (f) an interior heater disposed within said
die 20 wheel for heating the latter such that, throughout the coupling
element formation, the whole of said die wheel remains at a predetermined
temperature slightly lower than the temperature at which the monofilament
is deformable; and 25          (g)  an exterior heater disposed between
said bending unit and said punching unit in confronting relation to said
peripheral surface of said die wheel    - 15 - for additionally heating
said die wheel locally such that the temperature of the monofilament in the
form of U-shaped coupling element blanks rises to a characteristic heat
setting temperature of the thermoplastic synthetic resin of the
monofilament. 5. An apparatus according to claim 4, further comprising a
cooling unit disposed in confronting 



relation to said peripheral surface of said die wheel and spaced
circumferentially from said punching unit 10 for cooling the monofilament
in the final form of the coupling elements immediately before discharging
the same from said die wheel. 6. An apparatus according to claim 4, said
means including a hammering unit disposed in confronting 15 relation to
said peripheral surface of said die wheel and spaced circumferentially from
said punching unit for bending opposite upper end portions of the parallel
legs of the U-shaped coupling element blanks laterally outwardly away from
each other to form raised 20 connecting portions. 7. An apparatus according
to claim 4, said interior heater including a low-frequency electromagnetic
induction coil. 8. An apparatus according to claim 4, said 25 interior
heater including an electric heater. 9. An apparatus according to claim 4,
said interior heater including a heat-medium circulating    heater. 10.  An
apparatus according to claim 4, said interior heater being fixedly mounted
on said frame and being accomodated within a hollow of said die wheel. 11.
An apparatus according to claim 4, said 5 exterior heater including a blast
pipe for heated air, and a cover of generally C-shaped cross section 



connected to said blast pipe and enclosing a portion of said peripheral
surface, said cover being closed at one 10  end adjacent to said punching
unit and open at the other end adjacent to said bending unit so that the
heated air introduced from said blast pipe flows from the punching-unit end
to the bending-unit end. 12. An apparatus according to claim 5, said 15
cooling unit including a blast pipe for outside air, and a cover of
generally C-shaped cross section connected to said blast pipe and enclosing
a portion of said peripheral surface, said cover being closed at one end
adjacent to a discharging station and open at the 20  other end adjacent to
said punching unit so that the outside air introduced from said blast pipe
flows from the discharging-station end to the punching-unit end. 13.  A
method of forming a row of continuous zigzag coupling elements for slide
fasteners substantially as [err] 25 with reference to the accompanying
drawings. 14. An apparatus substantially as described with reference to and
as illustrated in the accompanying drawings.    


