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{57) ABSTRACT

Automated sewing system in which upper and lower
webs of fabric or the like are fed continously from
supply rolls at substantially constant speed and uni-
form tension past a web-driven printer, then past sew-
ing machines on an X-Y table whose two dimensional,
horizontal movement is programmed by a numerical
control apparatus, and then past cutting equipment for
cutting individual pieces out of the sewed-together
webs. The remainder of the webs is taken up by a
takeup roll. The timing of the beginning of the stitch-
ing and the piece-cutting operations is controlled by a
reference mark printed on the upper web by the
printer.

19 Claims 4 Drawing Flgures
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1
AUTOMATED SEWING APPARATUS

BACKGROUND OF THE INVENTION

Various partly-automated sewing arrangements have
been proposed heretofore in which one-dimensional,
longitudinal stitching is performed by one or more sew-
ing machines along one or more lines running in the di-
rection in which the fabric is advanced.

Where the sewing operation itself is automated. the
conventional practice has been to index the fabric to
each operating station where a given operation (e.g..
marking, sewing, cutting) is to be performed. These in-
dexing operations increase the overall time required to
process the material beyond the time taken by the pro-
cessing operations themselves - €.g., marking, sewing,
cutting.

There has existed a need for an automated sewing ap-
paratus capable of performing two-dimensional stitch-
ing and other operations, such as printing and cutting,
automatically at a speed that is determined by the oper-
ations of the sewing, printing and cutting devices them-
selves but is not limited by any need to index the mate-
rial to each operating position and hold it there while
that operation is being performed.

SUMMARY OF THE INVENTION

The presentiinvention is directed to an apparatus for
performing programmed, automatic two-dimensional
stitching on overlapped, elongated webs of fabric or the
like that are advanced continuously at constant speed
and under controlled tension from a supply roll. After
the sewing operation is performed, individual pieces
are cut from the sewed-together webs as they continue
to advance uninterruptedly. Preferably, before the
stitching operation the upper web is imprinted by a
web-driven printing roller, and a printed reference
mark on this web is used to time the beginning of the
stitching operation and, later, the beginning of the cut-
ting operation. The overlapped webs are engaged by
separate sets of rollers located, respectively, at the inlet
side of the web-driven printer and at the outlet side of
the sewing machines, and these rollers maintain the
length of the webs between them under tension while
it is advanced continuously at substantially constant
spced. In effect, these rollers mechanically isolate or

segregate this length of the webs Tromm the-web-material-

at the supply and takeup mechanisms, where variable
slack loops are provided in the webs.

A principal object of this invention is to provide a
novel and improved automated sewing apparatus.

Another object of this invention is to provide such an
apparatus in which the web material to be sewed is fed
at a continuous, uninterrupted, substantially uniform
speed and tension past one or more sewing machines
that are programmed to execute automatically a two-
dimensional stitching pattern. '

Another object of this invention is to provide such an
apparatus which minimizes the labor and skill required
to sew a predetermined two-dimensional stitching pat-
tern on successive segments of web material.

Another object of this invention is to provide a novel
and improved apparatus for automatically sewing a
two-dimensional - stitching pattern on continuously
moving webs and then cutting individual pieces from
the sewed-together webs as they continue to advance.

Another object of this invention is to provide a novel
and improved apparatus for automatically printing on
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2
a tensioned, continuously moving web, and then sewing
a two dimensional stitching pattern through this web
and an underlying web that is advanced in unison with
it, and then cutting individual pieces from the sewed-
together webs.

Another object of this invention is to provide an ap-
paratus as last-mentioned having a printer driven by the
upper web itself and in which the beginning of the sew-
ing operation and the beginning of the cutting opera-
tion are both controlled by a reference mark printed on
that web by the printer.

Further objects and advantages of this invention will
be upparent from the following detailed description of
4 presently-preferred embodiment thereof, which is
shown in the accompanying drawings, in which:

FIG. 1 is a top plan view of the present apparatus,
shown schematically;

FIG. 2 is a front elevational view of this apparatus;

FIG. 3 is a top plan view of a segment of the web mua-
terial after the sewing operation has been performed
and showing in phantom the outlines of the individual
pieces that are to be cut from the sewed-together webs:
and

FIG. 4 is a functional electrical block diagram of the
drive arrangement for the supply rolls in the apparatus.

Before explaining the disclosed embodiment of the
present invention in detail, it is to be understood that
the invention is not limited in its application to the de-
tails of the particular arrangement shown, since the in-
vention is capable of other embodiments. Also. the ter-
minology used herein is for the purpose of description
and not of limitation.

Referring to FIG. 2, two fabric webs 10 and 11 that
are to be stitched together come off individual motor-
driven supply rolls 12 and 13, respectively, The fabric
webs pass into contiguous overlapping engagement
with each other between upper and lower tension rol-
lers 14 and 15. Preferably, the two webs have the same
width and are coextensive laterally, i.e., perpendicular
to their length and the direction in which they are ad-
vanced.

Individual dancer rollers D float on slack loops 10a
and 11a in the respective fabric webs 10 and 11 be-
tween the supply rolls and the tension rollers. These
slack loops are produced because the respective supply
rolls 12 and 13 are driven by their respective motors at
a speed effective to supply web material faster than it
is advanced between rollers 14 and 15. Each of these
dancer rollers D moves up and down with changes in
the web slack between the respective supply rolt 12 or

- 13 and the tension rollers 14 and 15.
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When either fabric web is excessively slack between
its supply roll and the tension rollers, the corresponding
dancer roller D at the bottom of the slack take-up loop
in that web will move down far enough to actuate a
lower limit switch 40, which turns off the drive motor
41 for that supply roll. This stops temporarily the sup-
ply of that web from its supply roll. Gradually, as the
slack in that web is taken up by the continuing rotat-
aion of the tension rollers 14, 15, the bottom of the
slack loop in that web rises until the corresponding
dancer roller D actuates an upper limit switch 42, This
happens when a substantially zero slack condition of
that web is reached. This upper limit switch turns on
the drive motor 41 for the supply roll for that web, and
this condition prevails until the corresponding dancer
roller again actuates the lower limit switch.
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As shown in FIG. 4, the drive motor 41 for each sup-
oly roll 12 or 13 is controlled by u latching relay 43 of
inown design. The lewer limit switch 40 is normally
closed and it controls'the unlatching of relay 43. The
upper limit switch 42 is normally open and it controls
the latching of relay 43. When the dancer roller D
moves up and actuates the upper limit switch 42 to its
closed condition, this latches the relay 43 in a condition
for cnergizing the motor 41 from a power supply. Relay
43 remains latched and motor 41 remains on until the
dancer moves down far cnough to actuate the lower
Himit switch 40 to its open condition. When this hap-
‘pens, relay 43 is unlatched, turning off motor 41, This
s condition prevails until the upper limit switch 42 is
“closed the next time by the dancer roller.
¢ Toward the right end of the apparatus in FIGS. T and
i 2, a pair of upper and lower drive rollers 16, 17 engage
“the averlapped webs 10, 11 between them. The lower
“drive roller 17 is rotated by a variable speed motor
“drive 18 at a speed effective to advance the webs faster
"than they would move if advanced solely by the tension
rallers 14, 18, Therefore, the length of the webs be-
tween the drive rollers 16, 17 at one end and the ten-
sion rollers 14, 15 at the other is under a predetermined
uniform tension, and the rollers 14, 15 cxert a back-
ward drag on this length of the webs. This drag may be
varied by means of a variable rectified voltage that is
appled to an electromagnetic clutch C acting between
the drive motor M and the upper roller 14, as shown
schematically in FIG. 2.
Just to the right of the tension rollers 13, 15 in FIGS.
i and 2 is located a vacuum-operated lint remover 19,
Following this, a printer madule 20 prints lettering or
any other desired indicia or patterns on the top fabric

. web 10. Preferably. this printer module has one or -

“ mare rotatable printing rollers 21 that print on the
; upper web 10 at uniformly spaced intervals as the two
" { webs are advanced uninterruptedly through the printer
i module at constant speed. These printing rollers are
! driven by the webs 10, 11 as the latter advance.
* In addition to printing the desired lettering or other
‘patterns, the printer module also prints a reference
‘mark once during each rotation of the printing rollers,
“and this reference mark is used to initiate the subse-
-quent sewing and cutting operations on this saumc seg-
ment of the overlapped webs. A first photoelectric de-
tector 22 scnses this reference mark as the upper web
maves past into the scwing station 23,

The sewing station in the apparatus has four single-
necdle lockstitch sewing machines 24, 2§, 26 and 27,
all mounted on an X-Y table T that is movable horizon-
tally along perpendicular coordinate axes which re-
spectively extend longitudinaily and transversely of the
webs. The sewing machines 24, 25 are mounted on the
{X-Y table at onc side of the webs, and the sewing ma-

ichines 26, 27 arc mounted on the opposite side. The
.sewing machines are offset from one another in se-
“quence lengthwise of the webs so that, without interfer-
“ing with each other, they stitch four longitudinally off-
set, identical stitch patterns in the same segment of the
webs. These stitch patterns are determined by the hori-
‘zontal movement of the X-Y table with respect to the
‘fongitudinal and transverse coordinate axes and by the
‘continuous constant speed movement of the webs
‘along the longitudinal axis.

The table movement is controlled by a programmed
numerical control apparatus 29 of known design which
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has « memory in which are stored the X dud Y coordi-
nate movement commands for the table. The program
can be changed whenever desired by means of a
punched tape input into the numerical control console.

FIG. 3 illustrates in dashed lines identical generally
keyhole shaped stitch patterns 24a, 25a, 264, 27a pro-
duced simultaneously by the four sewing machines
24-27 so as to be offset from cach other on the webs.
The stitching pattern shown is for ammunition bags
that are later cut from the sewn-together webs by circu-
lar cuts along the lines 24b, 25h, 26b and 27h, respec-
tively.

At each machine. as the webs move from left to right
in FIG. 3, the stitch pattern begins outside and to the
lower right of the circular outline of the respective cut
(24h. 25b. 26b or 27h) that is to be made later. and
then it proceeds from right to left into this circular out-
line. following the generally keyholeshaped pattern
that is determined by the X and Y incremental move-
ment commands it receives from the numerical control
console 29 and by the-continuing constant speed move-
ment of the webs 10, 11 from left to right.

The X commands to the sewing machines include a
component that compensates for the constant speed
longitudinal (X) movement of the webs. This permits
the use of an open loop program that terminates when
the X-Y table T is back at the original “zero™ starting
point while the actual needle position of the sewing ma-
chine has advanced down the web. from right to left
along the web. by a distance corresponding to the web
length required for the stitch patterns sewed by the four
machines 24-27 on the table. In actual practice a toler-
ance time interval or overlap is provided so that the
X-Y table is back at its original zero position a few mil-
hseconds before the next “zero™ point on the webs has
coincided with the zero point of the command program
from the numecrical control console 29.

The “zero* point on the webs that begins the next
programmed stitching operation of the four sewing ma-
chines 24-27 simultancously is determined by a timing
signal from the photodetector 22 when the latter senses
the reference mark printed on the upper web 10. In this
manner the keyhole pattern stitching is always properly
correlated with the actual position of the printing on
the upper web 10, even if for any reason the printing
happens to be irregularly positioned lengthwise of the
webs. Therefore, a positional error in the printing oper-
ation will result in no worse than a waste of web mate-
rial, but it will not cause the stitching pattern to be mis-
positioned with respect to the individual imprints on
the upper web.

An edge guide control 30 of known design is pro-
vided between the X-Y table 28 and the drive rollers
16, 17 for sensing the lateral position of a longitudinal
edge of the stitched-together webs 10, 11 and adjusting
the transverse position of the webs accordingly, when
necessary, to maintain them in proper registration lat-
crally of the direction of web mavement.

After the imprinted and stitched together upper and
lower webs 10, 11 have passed between the drive rol-
lers 16, 17, they move past a sccond photoelectric de-
tector 31 and then into a cutting station 32 where the
circular cuts 24b, 25h, 26b und 276 (FIG. 3) ure made.
The timing of the cutters is determined by the photo
detector 31, which senses the registration mark on each
segment of the printed pattern and initiates the opera-
tion of the cutters so that the cut lines are properly po-



3,896,749
5 6

sitioned with respect to the imprint and the stitch lines and means for supplying webs to be sewed together, the
on each portion of this segment of the webs that is to improvement which comprises the combination of:

become an individual bag. means for moving said sewing machine means along

Preferably, the cutting operation is performed by a a predetermined two-dimensional stitching pattern:
hydraulic press in which the cut bags are driven down 5  and means for advancing the webs in overlapped re-
through the lower die and stacked below the press for lationship continuously at substantially constant
removal. speed and under substantially uniform tension past

After the circular cuts have been made in the sewed- said sewing machine means while the latter are
together webs, the remainder of the two webs is taken moved through said two-dimensional pattern to
up by a motor-driven takeup roll 33, which is provided 10 sew corresponding stitch patterns in the over-

. with a dancer roller 34 at a slack loop 35 in the webs lapped webs.

at its inlet side. This slack loop is produced when the 2. Apparatus according to claim 1 and further com-

motor 41’ for the takeup roli 33 is turned off while the prising means for timing the beginning of the two-
drive rollers 16, 17 continue to advance the remnant dimensional pattern movement of said sewing machine
web material. When the motor for the takeup roll 33 is !5 means from an imprint on one of said webs.

on, it drives this roller at a speed effective to take up 3. Apparatus according to claim 1, and further com-
the remnant web material faster than it is being ad- prising means operative in timed relationship with the
vanced by the drive rollers 16, 17, and consquently the movement of said sewing machine means through said
slack loop 35 is shortened. The dancer roller 34 coop- predetermined two-dimensional pattern for cutting in-

erates with upper and lower limit switches 42’ and 40°, dividual pieces from the sewed-together webs after the
respectively in essentially reverse manner as the dancer latter pass said sewing machine means.

rollers D at the outlet side of the supply rolls 12 and 13. 4. Apparatus according to claim 3, and further com-
The motor 41’ and the limit switches 40’ and 42’ are prising means for timing the beginning of the two-
connected in a circuit as shown in FIG. 4, which has al- dimensional pattern movement of said sewing machine
rcady been described in detail. means, and means for timing the operation of said cut-

With this arrangement, the drive motor for the ting means from a reference mark printed on one of the
takeup roll 33 is turned off when the upper limit switch webs.

is actuated by the dancer roller 34, which happens 5. Apparatus according to claim 1, and further com-
when a substantially zero slack condition is reached at 3y prising: i

the inlet side of the takeup roll 33. This motor stays off printing roller means driven by the overlapped webs
until the lower limit switch is actuated by the dancer for printing on one of the webs before they reach
roller 34, which happens when the maximum slack con- said sewing machine means;

dition is reached. The actuation of the lower limit means ahead of said sewing machine means for sens-
switch turns on the drive motor for the takeup roll 33 35 ing a registration mark printed on said one web by
and this condition prevails until the upper limit switch said printing roller means and for controlling uc-
is actuated again by the dancer roller 34. cordingly the beginning of said two-dimensional

In the operation of this apparatus, the tensioned pattern movement of said sewing machine means.
length of web material between the drive rollers 16, 17 6. Apparatus according to claim 5, and further com-
at one end and the tension rollers 14, 15 at the other 40 prising:
is effectively isolated or segregated mechanically from means for cutting individual pieces from the sewed-

“ the length of web material between the supply rolls 12, together webs after they pass said sewing machine
13 and rollers 14, 15, where the slack loops 10a and means;
11a are provided, and from the length of web material and means after said sewing machine means and
between rollers 16, 17 and the takeup roll 33, where 45 ahead of said cutting means for sensing said regis-
the slack loop 35 is provided. Therefore, the printing tration mark and for timing accordingly the opera-
and sewing operations which take place on this ten- tion of said cutting means.
sioned length of the web material are not affected by 7. In a sewing apparatus having a sewing machine
minor irregularities or discrepancies in the operation of moving in a two-dimensional stitching pattern, the
the supply and takeup rolls. s 50 combination of:

It will be apparent from the foregoing description means for advancing web material continuously at
that the present apparatus can operate at a speed deter- substantially constant speed past said sewing ma-
mined by the operating capabilities of the printer, the chine, said advancing means engaging the web ma-
sewing station apparatus, and the cutting apparatus. terial separately at the inlet and outlet sides of said
The movement of the web material between these op- 55 sewing machine and maintaining the web material
erating stations is continuous, and it adds nothing to the under substantially uniform tension as it moves
operating time allowed for these operations. Therefore, past said sewing machine while said sewing ma-
the overall productivity of the apparatus is greater than chine is moved through said two-dimensional
if time would have to be allowed for indexing the web 60 stitching pattern;
matcrial from one operating station to the next. Also, means for providing a slack loop in said web material
as alrcady pointed out, the sewing and cutting opera- before it is engaged under tension at the inlet side
tions are correlated with the printing operation so that of said sewing machine;
any possible errors occurring in the distinct operations and means for providing a slack loop in said web ma-
are not cumulative on the finished pieces. 65 terial after its tensioned engagement at the outlet

We claim: . side of said sewing machine.

1. In an apparatus for sewing together webs of mate- 8. Apparatus according to claim 7, and further com-

rial, said apparatus including sewing machine means, prising:
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means for printing on the tensioned web material be-
fore it reaches said sewing machine;

and means for timing the beginning of said two-
dimensional stitching pattern by said sewing ma-
chines in accordance with the position of a refer-
ence mark printed on said web material by said
printing means.

9. Apparatus according to claim 8, whercin said

5

i printing means comprises printing roller means driven
1 by the web material as the latter advances continu-

yously.

10. Apparatus according to claim 7, and further com-
prising cutting means for cutting individual sewed
picces from the web material after its tensioned en-
gagement at the outlet side of said sewing machine und
hefore said last-mentioned slack loop.

11. Apparatus according to claim 9, und further com-
prising:

culling means for cutting individual sewed pieces

from the web material after its tensioned engage-
ment at the outlet side of said sewing machine and
before said last-mentioned slack loop:

and means for timing the operation of said cutting

means in accordance with the position of said ref-
crence mark on the web material.

12. A scwing apparatus comprising:

at one end. u pair of supply rolls for supplying webs

that are to be sewed together;

at the opposite end. a takeup roll for winding up the

web remnants;

juxtaposed tension rollers for withdrawing the webs

from the supply rolls and for overlapping one web
aver the other;

juxtaposed drive rollers operative to pulling the over-

lapped webs forward from the tension rollers unin-
terruptedly under substantially constant tension
and at substantially uniform speed:

and means for moving sewing machine means along

a predetermined two-dimension stitching pattern
over said overlapped webs between said tension
rollers and said drive rollers to sew the webs to-
gether as they are advanced continuously at sub-
stantially constant speed.

13. Apparatus according to claim 12, und further
comprising:

means for driving the supply rolls at a speed effective

to unwind the webs faster than they are advanced

_by said tension rollers, so as to produce slack loops
in the webs between the supply rolls and the ten-
sion rollers;

and means for starting said supply roll driving means

at a minimum slack loop condition of the corre-
sponding web and for stopping said driving means
at @ maximum slack loop condition of said web.
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14. Appuratus according to claim 12, uand further
comprising:

means for driving the tukeup roll at a speed effective

to wind up the web remnants faster than the webs
arc advanced by said drive rollers;
means for stopping said last-mentioned driving
means to create a slack loop in the web remnants
betwecn said drive rollers and said takeup roll;

and means for starting said last-mentioned driving
means at a maximum slack loop condition between
said drive rollers and said takeup roll.

15. Apparatus according to claim 13, and further
comprising:

means for driving the takeup roll at a speed effective

to wind up the web remnants faster than the webs
are advanced by said drive rollers;
means for stopping said last-mentioned driving
means to create a slack loop in the web remnants
between said drive rollers and said takeup roll:

and means for starting said last-mentioned driving
means at a maximum slack loop condition betwcen
said drive rollers and said takeup roll.
16. Apparatus according to claim 12, and further
comprising:
web-driven printing roller means between said ten-
sion rollers and said sewing machine means for
‘printing on the top web;

and means for timing the beginning of the pattern
movement of said sewing machine means in re-
sponse to the passage of a reference mark printed
on the top web by said printing roller means.

17. Apparatus according to claim 16, and further
comprising:

means for cutting individual pieces from the continu-

ously moving webs after they have been sewed to-
gether:

and means for timing the operation of said cutting

means in response to the passage of said reference
mark on the top web.

18. Apparatus according to claim 17, wherein said
cutting means is located between said drive rollers and
said takeup roll. _

19. Appuratus according to claim 18, and further
comprising:

means for driving the takeup roll at a speed effective

to wind up the web remnants faster than the webs
are advanced by said drive rollers;

means for stopping said last-mentioned driving

means to create a slack loop in the web remnants

between said cutting means and said takeup roll;
and means for stdrtmg said last-mentioned driving

means at a maximum slack loop condition between

said drive rollers and said takeup roll.
* * * * *



