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(57] ABSTRACT

The present disclosure relates to zig-zag sewing ma-
chines including means for controlling the bight stops in
order to produce ornamental patterns. In particular, the
disclosure relates to electronically controlled sewing
machines having storage means for storing stitch infor-
mation and wherein logic means are used to select and
release stitch information in timed relation with the
operation of the sewing machine. The disclosure of the
invention has particular application in those sewing
situations wherein it is desired to use more than one
needle in a single needle holder of the needle bar which
therefore necessitates a limitation on the magnitude of
the jogging or swinging of the needle bar in order to
accommodate the multiple needles in the aperture of the
needle plate. In accordance with the disclosure of the
present invention whenever more than one needle is
used in the sewing machine the electronic control of the
bight stops is automatically put into effect whenever
such multiple needle mode is selected.

7 Claims, 3 Drawing Figures
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BIGHT STOP MECHANISM FOR SEWING
MACHINES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

BACKGROUND OF THE INVENTION

In sewing machines it is desirable in some sewing
situations to be able to use more than one needle as in
the case, for example, of multicolored embroidery
stitching. When substituting two or more needles for a
single needle in a zig-zag machine, it becomes necessary
to limit the swing amplitude of the needles, or the bight
stops, as the two or more needles would swing in a
wider path than a single needle which could take the
needles out of the area covered by the aperture in the
needle plate resulting in a breaking of the needles during
penetration of the fabric. It is known to limit the bight
stops in mechanically controlled zig-zag machines
when substituting multiple needles for single needles,
such as for example shown in U.S. Pat. No. 3,296,987
granted Jan. 10, 1967. In such mechanically controlled
machines the zig-zag motion is generally imparted to
the needle bar by a cam mechanism which is connected
to the needle bar mechanism through a cam follower
and associated linkage. In order to adjust or limit the
bight stops in such machines means are generally pro-
vided for altering the linkage between the cam mecha-
nism and the needle bar mechanism.

In electronically controlled sewing machines of the
type disclosed in co-pending U.S. patent application
Ser. No. 431,649 (now patent #3,984, 745) filed on Jan. 8§,
1974, cam mechanisms of the type mentioned above are
completely eliminated and logic means are used to se-
lect and release stitch information stored in a memory
means in timed relation with the operation of the sewing
machine. Digital information from the memory means is
converted to positional analog signals which control
closed loop servo means including moving coil linear
actuators directly controlling the position of conven-
tional stitch forming instrumentalities such as the zig-
zag mechanism for the needle bar. Therefore it will be
seen that in machines of this type means other than
those which have been provided heretofore must be
used for limiting the bight stops. What is required in
order to limit the bight stops in an electronically con-
trolled machine is means for limiting the positional
analog signals which control the closed loop servo
means to thereby provide a signal to said servo means
which is reduced in proportion to the reduction iIn
swing amplitude or bight required for the situation
wherein multiple needles or the like are used.

SUMMARY OF THE INVENTION

As briefly mentioned above, a machine of the type
disclosed in this invention 1s controlled by electronic
means including logic means which select and release
stitch information from a stored memory in timed rela-
tion with the operation of the sewing machine and in
accordance with a pattern selected by the operator. The
signal from the memory is presented in digital form and
iIs converted in a digital-to-analog converter and
through suitable amplification 1s fed to a moving coil
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linear actuator which directly controls the position of
the needle bar mechanism. A feedback circuit is also
provided which senses the position of the linear actua-
tor in accordance with time and location and modifies
the input signal so that the actuator will accurately
assume the position as called for by the original infor-
mation released from the memory.

U.S. patent application Ser. No. 596,683 (now patent
#4,016,821) filed July 16, 1975 discloses a means for
overriding the analog signal provided by the digital-to-
analog converter for both feed and bight pattern infor-
mation thereby providing a variable control of said
signal to the linear actuator. Such a system is desirable
for modifying the pattern information, as for example,
to obtain an optimum button hole that would have a
balanced appearance. However, it has been found that
in situations where multiple needle use can be option-
ally selected on the machine, fixed bight stop himits
should be provided so as to prevent any possibility of
needle breakage or the like. In accordance with the
present invention circuit means are provided which,
when selectively operational, impose a fixed limit on the
analog signal at the output of the digital-to-analog con-
verter. Such fixed limit is imposed prior to input to the
linear actuator and also prior to the operation of any
override controls, as described above, so that there is no
danger in the operator modifying the signal with the
override control to cause the needles to swing a greater
amplitude than is desired.

Accordingly, it is one object of the invention to pro-
vide a novel and improved bight stop mechanism for a
sewing machine.

It 1s another object of the invention to provide a
novel and improved bight stop mechanism for an elec-
tronically controlled sewing machine.

It 1s a further object of the invention to provide a
novel and improved bight stop mechanism for limiting
the swing amplitude of the needle bar in a zig-zag sew-
ing machine when a multiple needle mode is selected.

Other objects and advantages of the invention will be
best understood when reading the following description
with the accompanying drawings as identified below.

DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view of a sewing machine
showing fragmented portions of the sewing instrumen-
talities and control mechanisms necessary to illustrate
the physical elements of the invention;

FIG. 2 is a general schematic block diagram for the
bight control system of the invention; and

FIG. 3 1s a circuit diagram showing the bight control
circuits of the invention.

DESCRIPTION OF THE INVENTION

Referring to the drawings there is illustrated in FIG.
1, a sewing machine, partially in phantom, including a
frame 10 having a bed 12 and a bracket arm 14 sup-
ported in an overhanging relationship to the bed by a
standard 16. The free end of the bracket arm 14 includes
a head portion 18 in which is supported a needle bar
gate 20 which in turn supports a needle bar 22 for recip-
rocating motion in an endwise direction in the usual
manner as found in sewing machines. Endwise recipro-
cating motion is imparted to the needle bar 22 through
suitable connection with an arm shaft 24 driven in the
conventional manner as by an electric motor or the like
(not shown). A single needle or a plurality of needles 26,
as illustrated are supported in the lower extremity of the
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needle bar 22 and are disposed for cooperation beneath
the bed 12 with suitable sewing instrumentalities such as
a looper (not shown) or the like.

As is known in zig-zag sewing machines, the needle
bar gate 22 is operatively associated with actuating
mechanism for imparting lateral jogging motion to the
needle bar 22, which, as illustrated in FIG. 1, includes a
drive arm 28 pivotally connected to the needle bar gate
as illustrated at 30. The drive arm 28 is operably con-
nected to a reversible linear motor or actuator 32 for
imparting a linear motion to the drive arm 28 and as a
result jogging motion to the needle bar gate 20 through
the pivot connection 30. Reference may be made to
U.S. patent application Ser. No. 431,649 filed on Jan. g,
1974 and assigned to the same assignee as the present
invention for a more detailed description of the linear
actuator. Disposed within the bed 12 and below the
needle bar 22 for operation in association therewith is a
needle plate 34 which includes an aperture 36 having a
width sufficient to at least accommodate a single needle
during maximum width zig-zag motion. Supported be-
neath the bed plate 12 is a feed mechanism for feeding
the work across the surface of the bed plate and in-
cludes a feed dog 38 operably connected with suitable
linkage generally indicated at 40 which in turn is con-
nected to a second linear motor or actuator 42. As de-
scribed in co-pending application Ser. No. 596,683 filed
July 16, 1975 and assigned to the same assignee as the
present invention, the feed mechanism is also electroni-
cally controlled so that electronic signals are fed to the
linear actuator 42 to position the feed mechanism for the
desired forward or reverse feed in accordance with a
selected pattern. The feed mechanism itself forms no
part of the present invention and for purposes of the
present invention other suitable feed mechanisms may
be incorporated herein.

Referring to FIG. 2, illustrated therein is a schematic
block diagram for the bight control portion of the sew-
ing machine. The feed control portion is not illustrated
and is essentially the same as the bight control circuitry
and reference to the bight control circuitry illustrated in
FIG. 2 will be sufficient for purposes of understanding
either of the aforementioned control circuits. For a
more detailed description of the feed control circuit
reference may be made to the aforementioned U.S.
patent application Ser. No. 596,683, As previously men-
tioned, pattern information may be stored in a memory
device which in the present invention is incorporated in
a MOSFET Large Scale Integration (LSI) integrated
circuit designated at 44 in FIG. 2. One method of ex-
tracting the information from the LSI 44 for presenting
the same to the digital-to-analog converter for bight and
feed control is disclosed in U.S. Pat. No. 3,855,956,
assigned to the same assignee of the present invention.
As disclosed therein digital information related to the
positional coordinates for each stitch of a predeter-
mined stitch pattern is stored in a static memory such as
:ncluded in LSI 44. A pulse generator 46 (see also FIG.
1) is driven in timed relation with the sewing machine
and produces a timing signal pulse between each succes-
sive stitch. The signal pulses are counted in a binary
counter 48 to provide a timed series of progressively
increasing binary numbers corresponding to the pro-
gressively increasing number of stitches in the pattern.
The output of the counter is applied as the address to
the memory to recover as output therefrom the digital
formation related to the positional coordinates for
each stitch of the predetermined pattern. The memory
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output is applied to control driving devices operatively
connected to impart a control range of movement to the
needle and the feed of the sewing machine to produce a
specific predetermined position coordinate for the nee-
dle penetration during each stitch formation.

As further illustrated in FIG. 2, the pulses from the
pulse generator 46 are counted by binary counter 48 and
presented at address input to the L.SI 44. The LSI 1S
illustrated in FIG. 1 as being mounted on a logic printed
circuit board 50. The output of the LSI 44 is presented
as output digital information related to the positional
coordinates for each stitch in pulse width modulated
form to digital-to-analog converter 52 for the bight. The
LSI 44 may also include a latch whereby the bight
information may be held for timed release to the bight
servo system at a time appropriate to the operation of
the needle jogging mechanism in the stitching opera-
tion. Proper timing for the release of the bight informa-
tion may be determined by the pulse generator 46.

The pulse width modulated signal presented along
line 54 to the digital-to-analog converter 52 is filtered,
offset by rheostat 56 (FIG. 3) and scaled by a voltage
divider 58 in the converter in order to accommodate a
specific LSI 44 to those components between the LSI
and the load to account for manufacturing variability.
Analog signals from the digital-to-analog converter 52
have an output on line 60 to a bight signal control ampli-
fier 62 which outputs on line 64 to the summing point 66
of a low level preamplifier 68 of a servo amplifier sys-
tem. Further reference to the servo amplifier system
may be found in the aforementioned U.S. patent appli-
cation Ser. No. 431,649.

The output from the bight signal control amplifier 62
is also connected by way of line 70 to FET 72 of the
enhancement type, having its gate connected by gate
line 74 to the LSI 44. On suitable command the LSI 44
will apply a gate voltage through a latch circuit to FET
72 by way of gate line 74 thereby to place and retain
FET 72 in the conductive or ON condition. A feedback
signal then passes through line 70 and FET 72 to a
wiper of a rheostat 78 supported on control block 76
(see FIGS. 1 and 3).

Thus, the gain of the bight signal control amplifier 62
may be controlled during pattern stitching or straight
stitching through manual adjustment of the manual
bight control rheostat 78. The manual bight control
rheostat 78 which as seen in FIG. 1 is adjusted by a
knob 80 and is mounted on power supply and overnde
printed circuit board 82. Energization of the circuitry to
LSI 44 for applying a gate voltage to FET 72 may be
accomplished by a proximity switch associated with
knob 80 and may be of the type described in co-pending
U.S. patent application Ser. No. 596,685, filed on July
16, 1975, entitled “Digital Differential Compacitance
Proximity Switch” which is assigned to the same as-
signee as the present invention. Rotation of knob 80
rotates wiper 84 of rheostat 78 for adjustment of the
bight control signal. Further details of the override
arrangement may be had by referring to the aforemen-
tioned co-pending application Ser. No. 596,683, filed
July 16, 1975. As also mentioned in the co-pending
application just referred to, overnide controls may also
be provided for the feed signals and to the balance of
the feed and may be represented in the present applica-
tion by knobs 86 and 88 which respectively control
balance and feed through suitable rheostats and cir-
cuitry similar to that described in relation to the bight
control circuits above. For purposes of the present



Re. 29,951

S

invention it need only be understood that override cir-
cuit means may be provided for modifying the bight
control signal after its amplification by bight signal
control amplifier 62.

As fturther illustrated in FIG. 3, the bight signal con-
trol amplifier 62 is indicated as an operational amplifier
with rheostat 78 providing the feedback to the input. A
MOSFET module 90, such as RCA type CD 4016A,
comprises a plurality of dependent bilateral signal
switches one of which is switch 72. The module may
also be mounted on a printed circuit board 82 (see FIG.
1). As shown in the schematic of FIG. 3 a voltage signal
from LSI 44 on line 74 will place FET 72 in an ON
condition, inserting the wiper 84 of rheostat 78 in by-
pass arrangement in the feedback circuit. Feedback
resistance of the operational amplifier 62 may thereby
be reduced to decrease the gain of the operational am-
plifier and reduce the analog signal to the summing
point 66 of the low level preamplifier 68 of the servo
amplifier system mounted on servo circuit board 92.
Preamplifier 68 drives a power amplifier 94 which
supplies direct current of reversible polarity to the elec-
tromechanical actuator 32, which in the broadest sense
comprises a reversible motor, to positicn the actuator in
accordance with the input analog voltage on line 64. A
feedback position senser 96 mechanically connected to
the reversible motor 32 provides a feedback position
signal on line 98 indicative of the existing output posi-
tion. The input analog voltage and the feedback signal
are algebraically summed at the summing point 66 to
supply an error signal on line 100. The feedback signal
from the position sensor is also differentiated with re-
spect to time in a differentiator 102 and the resulting
rate signal is presented on line 104 to the summing point
106 of the power amplifier 94 to modify the positional
signal at that point. The position sensor 96 may be any
device that generates an analog voltage proportional to
position and may be a simple linear potentiometer con-
nected to a stable reference voltage and functioning as a
voltage divider. The differentiator 102 is preferably an
operational amplifier connected to produce an output
signal equal to the time rate of change of the input
voltage.

While the reversible motor 32 may be a conventional
low-inertia rotary d.c. motor, it is preferable, for pur-
poses of the present invention that it takes the form of a
linear actuator in which a lightweight coil moves lin-
early in a constant flux field and is directly coupled to
the load to be positioned. This simplifies the driving
mechanical linkage and minimizes the load inertia of the
system. A suitable power supply circuit (not shown)
may be connected to the AC house mains via a trans-
former for supplying 12 volt 60 hertz to the power
supply. The supply, reduced to 12 volts a.c. undergoes
full wave rectification, and filtration to provide + 15
VDC to the power amplifiers and also to provide,
through voltage regulators of a suitable type, + 7.5
VDC 1n the bight position potentiometer 96 as well as
£ 7.5 VDC to the digital-to-analog offset voltage divid-
ers in the digital-to-analog converter 52. Although not
shown, the power supply also provides + 7.5 VDC to
L.SI 44. As the power supply itself forms no part of the
present invention, reference may be made to co-pending
application Ser. No. 596,683 mentioned above for a
more detailed description of the type power supply
which may be used with the present invention. Also,
reference may be made to the same co-pending applica-
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tion for a more detailed description of the construction
and operation of the LSI itself.

When sewing ornamental patterns, such as i embroi-
dery stitching or the like, wherein more than one color
thread is desired, or in cases wherein parallel lines of
ornamental stitches are desired, it is necessary to substi-
tute a multiple needle holder for the single needle gener-
ally used with the machine. It will be readily apparent
that when more than one needle is held in the needle
bar, if the same swing amplitude or bight is used for
zig-zag stitching as was in the case of a single needle,
one or both of the needles in the case of using two such
needles may not align itself with the needle plate aper-
ture 36 during penetration of the fabric. Means must
therefore be provided to insure that the swing ampli-
tude or bight of the needles does not exceed the width
of the needle plate aperture. In accordance with the
present invention additional circuit means are provided
for modifying the electronic pattern control signal for
the bight so that when the machine is in a multiple
needle mode the maximum bight will be automatically
reduced in proportion to the number of needles carried
by the needle bar.

Referring to FIGS. 1, 2 and 3, a switch 110 is carried
by control panel 76 and has its contacts in parallel
through lines 112 and 114 with the output line 60 of the
digital-to-analog converter 52. Preferably, the circuit is
arranged such that when the switch 110 is open, the bight
will be reduced for multiple needle sewing, and when the
switch 110 is closed, a wider bight will be available for
single needle sewing. It will be recalled, as discussed
above, the digital-to-analog converter 52 puts out an
analog signal which is converted from the digital infor-
mation from the memory to provide a control signal for
the bight in accordance with a selected pattern. In order
to reduce the signal from the digital-to-analog con-
verter 32, a fixed resistance in the form of a resistor 116
1s placed in line 114 which resistor 116 has a resistance
selected so that it will reduce the analog voltage from
the digital-to-analog converter in an amount proportion
to the number of needles, which in the case of switch
110 and its associated circuit in the preferred embodi-
ment illustrated is selected for twin or two needle sew-
ing. Thus, for example, the resistance of resistor 116
may be such to [reduce] influence the output from the
digital-to-analog converter by an amount of 50%. It
will be further seen that the parallel circuit containing
switch 110 and resistor 116 is inserted into the circuitry
prior to the application of any override or feedback
signals, as would appear on line 70 subsequent to ampli-
fication of the bight control signal through bight signal
control amplifier 62. Therefore, [ when the switch 110
15 closed to insert the resistance 116 into the circuit’}
any modification of the signal thereafter as through the
override controls or the feedback [would onlyY could
not have an effect on [[a reducedy the maximum value
of the control signal. By this means any modification of
the bight control signal would not give rise to any con-
cern that the swing amplitude of the needles would
exceed the width of the needle plate aperture 36. It will
also be understood, that instead of a single position
switch 110 a multiple position switch may be provided
wherein multiples of resistance may be inserted into the
circutt in the same manner as the resistor 116 for situa-
tions wherein more than two needles will be used in the
needle bar.

It will be seen from the above description that a novel
and improved bight stop control mechanism is provided
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for a sewing machine for limiting the swing amplitude
of a needle bar during zig-zag stitching when more than
one needle is present in the needle bar. In particular,
means are provided for modifying electronic bight con-
trol signals when the sewing machine is placed 1n a
multiple needle mode to limit the swing amplitude of
the needle bar so as to prevent any damage to the nee-
dles or the work or other elements of the sewing ma-
chine. While the invention has been described in its
preferred embodiments, it will be obvious to one skilled
in the art that various changes and modifications may be
made therein without departing from the spirit and
scope of the appended claims.

Having thus described the nature of the invention,
what we claim herein is:

1. In a sewing machine having endwise reciprocable
needle means, jogging means for initiating relative lat-
eral movement of said needle means, electric motor
means connected to said jogging means such that initia-
tion of the relative lateral movement of said needle
means is controlled in accordance with movement of
said electric motor means, means including first circuit
means for generating electrical input signals in accor-
dance with predetermined stitches in a selected pattern
and for connecting said electrical input signals to said
electric motor means, said electric motor means having
a work output proportional to said electric input signals,
and circuit means in addition to said first circuit means
and including switch means for limiting the magnitude
of the electrical input signals to said electric motor
means, said circuit means being operative for reducing
said electrical input signals a fixed percentage each time
said switch is actuated whereby upon actuation of said
switch means the maximum extent of lateral movement
of said needle means will be limited.

2. In a sewing machine as recited in claim 1 further
comprising override control means for selectively vary-
ing the magnitude of said electrical input signals, and
said circuit means being operative to reduce said electri-
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cal input signals a fixed percentage irrespective of the
selection of said override control means.

3. In a sewing machine as recited in claim 2 wherein
said circuit means is operative for reducing said electri-
cal input signals prior to any variation of said electrical
input signals by said override control means.

4. In a sewing machine as recited in claim 1 wherein
said electrical motor means comprises a reversible elec-
tric motor, said reversible electric motor being respon-
sive to said electrical input signals for initiating relative
lateral movement of said jogging means in first and
second directions.

5. In a sewing machine as recited in claim 4 wherein
said reversible electric motor comprises a linear motor.

6. In a sewing machine having a needle bar disposed
for endwise reciprocation, said needle bar being
adapted for supporting one or more needles for recipro-
cation therewith, jogging means responsive to electrical
input signals for initiating lateral movement of said
needle bar to produce patterned stitches with the mag-
nitude of lateral movement of said needle bar being
proportional to the magnitude of the electric input sig-
nals, pattern control means including first circuit means
operative for supplying electrical input signals of prede-
termined magnitude to said jogging means, and circuit
means in addition to said first circuit means and includ-
ing switch means operatively connected to said pattern
control means, said switch means being adapted for
operation when more than one needle 1s supported by
said needle bar for reducing the predetermined magni-
tude of the electrical input signals a fixed percentage of
its original value supplied by said pattern control means.

7. In a sewing machine as recited in claim 6 wherein
said circuit means includes resistance means, the value
of said resistance means being selected in accordance
with the number of needles supported by said needle

bar.
x » % * %
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