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571 ' ABSTRACT

A sewing machine drive device in which a current in-
terrupter comprising conducting rings, part of whose
peripheries are insulated, and brushes, each being in
contact with the periphery of the corresponding ring,
is employed to make it possible to stop a sewing ma-

‘chine needle accurately in a desired position.

3 Claims, 8 Drawing Figures
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1
SEWING MACHINE ELECTRICAL DRIVE DEVICE

The present invention relates to sewing machines,
and more particularly to a drive device for improve-
ment of sewing machine functions which is provided
with a control unit whereby a sewing machine needle
can be stopped in a predetermined position.

The sewing machine drive device of this kind usually
comprises a main and an auxiliary drive section, and
provides - means such an arrangement including a
clutch, relay and the like whereby, when the sewing
machine is stopped from the normal driving of the main
drive section the sewing machine upper spindle for
driving the sewing machine needle is disengaged from
the main drive section and coupled to the auxiliary
drive section and rotated until the needle reaches the
predetermined stopping position. A sewing machine
being an object of frequent use, it is, of course, desir-
able that in such machine relays, and other parts be
long-lasting, as well as it being possible to stop the nee-
dle in a predetermined position. There are known drive
devices to provide the above-described function, but
such conventional devices suffer from the disadvan-
tages that, especially when a machine is being operated
at high speed, however careful an operator is, when he
or she wishes to stop the needle momentarily in a pre-
determined position, there is practically always differ-
ence between the desired position and the position
where the needle actually stops (for example, up to 50°,
calculating on the basis of angular displacement of the
mechine upper spindle), or that, if it is attempted to im-
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prove the stopping precision, chattering of relays re- -

sults and the effective life of connecting parts is consid-
erably lessened or low-speed rotation has to be kept at
a constant speed.

To.overcome the disadvantages inherent in conven-
tional devices, it is accordingly an object of the present
invention to make it possible to stop a sewing machine
upper spindle in a predetermined position, for example,
~ with a precision of within about 10 angular degrees.

It is a further object of this invention to make it possi-
ble to-maintain the above-mentioned precision in stop-
ping a sewing machine upper spindle regardless of the
speed of low-speed operation of the sewing machine,
i.e., the speed when the machine is driven by the auxil-
iary drive section.

It is a further object to provide the above-described
facilities while at the same time ensuring outstandingly
long service of the relays used in the control unit.

According to one preferred embodiment of the pres-
ent invention, a sewing machine electrical drive device
is shown as generally comprising a main drive unit, a
secondary drive unit that operates at reduced speed, a
brake unit that controls the secondary drive unit, a
clutch assembly for selective engagement with the main
or secondary drive unit to drive a sewing machine
upper spindle, a switch that is closed when said clutch
assembly is engaged with the main drive unit and open
when the clutch assembly is disengaged from the main
drive unit and engaged with the secondary drive unit,
arelay possessing a holding contact and contacts which
control the above-mentioned brake unit, and a current

. intérrupter fixedly mounted on the sewing machine
upper spindle and comprising conducting rings, part of
whose peripheries are non-conducting and into two of
which grooves are cut at the respective non-conducting
peripheries the length. of the arc lying between the
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grooves in one ring being greater than that between the
grooves in the other, and brushes which contact the
said conducting rings, wherein the said relay is brought
into connection with an electrical power sourcé
through the action of the said switch and through the
said brushes in contact with said conducting rings and
a‘series circuit in connection with the above-mentioned
holding contact.

In the arrangement of a sewing machine drive device
as hereinbefore described, a current interrupter com-
prising conducting rings, part of whose peripheries are
insulated, and brushes, each being in contact with the
periphery of the corresponding ring, makes it possible
to stop a sewing machine needle accurately in a desired
position. Since it is ensured that the sewing machine
upper spindle is always stopped from the reduced speed
of the secondary drive unit by the relay controlled by
the current interrupter of three rings contacted each
other in a line at their peripheries part of which are
non-conducting, a first ring of which contacts a brush
in connection with the power source, a second ring of
which contacts a brush in connection with the relay
through the holding contact, and a third ring of which
contacts a brush in connection with the relay.

These and other objects and features of the present
invention will become apparent from the following de-
scription taken in conjunction with one preferred form
of embodiment thereof shown in the accompanying
drawings, in which;

FIG. 1 is a schematic front view of the sewing ma-
chine associated with an electrical drive device em-
bodying the present invention, portions of which are
broken away for the purpose of illustration of various
component parts disposed therein,

FIG. 2, (a) and (b), is a control circuit diagram em-
ployed in the drive device of FIG. 1,

FIG. 3 is an exploded schematic perspective view, on
an enlarged scale, of the association among essential
parts of the drive device of FIG. 1,

FIG. 4 is a time chart illustrating operative stages of
the drive device of the present invention,

FIG. 5 is an explanetory graph illustrating stopping
point distribution of the sewing machine spindle driven
by the drive device of the present invention,

FIG. 6 is a similar view to FIG. § but using a conven-
tional drive device, and '

FIG. 7 is a similar view to FIG. 6 but using another
conventional drive device.

Before the description of the present invention pro-
ceeds, it is to be noted that like parts are designated by
the like reference numerals throughout the several
views of the accompanying drawings. It is further to be

‘noted that, for the sake of brevity, the description of

the present invention will be hereinafter made in com-
parison with the conventional drive device used in a
sewing machine. .
Referring first- to FIGS. 1 to 3, a sewing machine
table 1 is supporting thereon a sewing machine head-
stock 3 provided with an upper spindle 2 on which is
mounted a pully 4 and a current interrupter S compris-
ing three rings 5§, 6 and 7 each being in sliding contact
with the corresponding fixed brushes 8, 9 and 10,
which detects the angular position of the upper spindle
2 in connection with the stopping position of a sewing
machine needle 3a. The sewing machine drive unit as-
sociated with a treadle 25 is mounted below the sewing
machine table 1 by conventional means such as a bolt
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and the like and comprises a main motor 13 which pro-
vides direct drive to a fly-wheel 12, on which is fixedly
mounted a clutch plate 11 for high-speed operation, a
secondary motor 18, whose shaft is in connection at
one end with a direct current electromagnetic brake
unit 17 and at the other end with a worm 16, which al-
ways engages a worm gear 15 mounted on a clutch
plate 14 for low-speed operation, and a clutch includ-
ing the pair of clutch plates 11, 14 and a rotatory disc
21, which, through connection with a clutch shaft 20
on which is mounted a motor pulley 22, and coopera-
tive action of a lever 19, is selectively shifting in the di-
rection of the clutch shaft 20 to engage with the high-
speed clutch plate 11 or the low-speed clutch plate 14.
The sewing machine upper spindle 2 is driven by a belt
23 around the motor pulley 22 of the clutch shaft 20 so
that, when the rotatory disc 21 is in frictional engage-
ment with the high-speed clutch plate 11, the upper
spindle 2 is driven fast, and when it engages the low-
speed clutch 14, the upper spindle 2 is driven by the
secondary motor 18 acting through the worm 16 and
the worm gear 15 and is slowed to low-speed operation.
The lever 19 is operated to shift it in the direction of
the clutch shaft 20 by means of the treadle 25 as well
known in the prior art, to which it is connected by a rod
24 and through a switch 26 of conventional construc-
tion, which is always opened and is closed upon the
treadle 25 being pressed down, whereupon the lever 19
causes the rotatory disc 21 to engage the high-speed
clutch plate 11.

The current interrupter S fixedly provided on the
upper spindle 2 comprises a metal ring 7, part of whose
periphery faced to the next metal ring 6 is insulated by
an insulator 40, around a central insulator portion 38
to be mounted on the upper spindle 2, the metal ring
6, part of whose periphery faced to the next metal ring
§ is similarly insulated by an insulator 41, around a cen-
tral insulator portion 38 to be mounted on the upper
spindle 2 and into which a pair of grooves 27, 28 are
cut at both ends of the insulator 41 at an angle a with
respect to one another to form an insulation portion E,
and the metal ring 5, part of whose periphery faced to
the last metal ring 6 is also insulated by an insulator 42,
around the central insulator portion 38 to be mounted
on the upper spindle 2 and into which a pair of grooves
29, 30 are cut at both sides of the insulator 42 at an
angle B with respect to one another to form an insula-
tion portion F, it being essential that the metal ring §
be provided with the insulation portion F of the angle
B corresponding to the amount of ranges in which posi-
tion the sewing machine spindle can be stopped and,
for example, being 10 angular degrees greater than the
angle « of the metal ring 6 so that the insulation portion
F is extended a small amount of itself beyond the both
ends of the insulation portion E when the set of metal
rings 8, 6, 7 are fixedly mounted in a line on the upper
spindle 2 and pressure engaged to one another as
shown in FIG. 1. In this arrangement of the current in-
terrupter S, the conduction portions B, C, D, of the
three metal rings provide a path for current as a unit,
but the insulation portions E and F of the two metal
rings §, 6 being completely isolated electrically, no cur-
rent flow is possible, of course, between E and F, nor
between E and B, C, D, or F and B, C, D. In other
words, the brush 10 does not conducted to the other
brushes 8, 9 when they are simultaneously in contact
with the respective insulators E, F of the metal rings 6,
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5 within the range of angle a, but does conducted to the
one brush 9 when the brush 9 is not in contact with the
insulator E of the metal ring 6 while the brush 9 is not
contact with the insulator F of the metal ring 5 within
the range of angle (8-a), and dose conducted to the
other brushes 8, 9 when they are simultaneously in con-
tact with the respective metal rings 6, 5§ excluding the
insulation portions thereof within the range of angle
(360°-8).

Below follows a description of the device of the pres-
ent invention with reference to FIGS. 1 to 4. The con-
trol electric circuit of the sewing machine drive device
mentioned hereinbefore is D.C. operated by conven-
tional means, the necessary D.C. voltage being ob-
tained from rectified main motor 13 alternating current
taken through an isolation transformer 31 and a recti-
fier 32, whose construction is that of a conventional
full-wave bridge rectifier. In the circuit there is pro-
vided a relay 33 having a holding contact 37 and make-
or-break contacts 34, 35, 36, in which a pair of con-
tacts 35, 36 form a supply circuit to the secondary
motor 18 as shown in FIG. 2 while the contact 37 is in
connection with the brush 9 of the metal ring 6 and the
contact 34 is in connection with a direct current elec-
tromagnetic brake coil 17'. Upon excitation of the
relay 33, the magnetic field in the direct current elec-
tromagnetic brake coil 17’ demagnetizes, and the con-
tacts 35, 36 close the supply circuit to the secondary
motor 18, which causes rotation of the worm 16, and
hence of the low-speed clutch plate 14. Conversely,
upon demagnetization of the magnetic field of the relay
33, the supply circuit to the secondary motor 18 is cut,
the direct current electromagnetic brake coil 17’ is en-
ergized, and the secondary motor 18, and hence the
low-speed clutch plate 14, is stopped. The metal ring 7
is in permanent connection with the positive side of the
rectifier 32 through the brush 10, and voltage im-
pressed on the portion B of the metal ring 7 is likewise
impressed on the portions C, D of the metal rings 6, §
respectively, from where voltage taken out through the
brush 9 being impressed on a circuit point 101 of the
relay 33 through the holding contact 37, and that taken
out through the brush 8 being impressed on the circuit
point 101 directly. A resistor 39 and a diode 43 form
a series circuit connected in parallel to the relay 33 and
connected in series to the switch 26, which series cir-
cuit can also be suitably composed of a capacitor and
resistor, varistor, or any other similar surge absorption
circuit.

The sewing machine is started by depression of the
treadle 25 by the operator, whereupon, through the ac-
tion of the lever 19, the rotary disc 21 is brought into
frictional engagement with the high-speed clutch plate
11 being rotated by the main motor 13 which is driven
by a main switch (not shown in figure) as well known
in conventional method, and the switch 26 is closed at
the same time. As the switch 26 is closed, voltage from
the rectifier 32 is applied to the relay 33 through lines
102 of the switch 26 and 103 of the relay 33, and the
relay 33 is excited so that the direct current electro-
magnetic brake coil 17’ is demagnetized and the con-
tacts 35, 36 close the supply circuit to the secondary
motor 18, which therefore becomes operative. At the
same time, the voltage built-up in the relay 33 closed
the holding contact 37, so that even if the switch 26 is
turned off by restoration of the treadle 25 to the origi-
nal position both circuits one of which including the
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line 102, brush 10, metal ring 7, metal ring 6, brush 9,
holding contact 37, circuit point 101 and relay 33, and
the other of which including the line 102, brush 10,
metal ring 7, metal ring 6, metal ring 5§, brush 8, circuit
point 101 and relay 33 are maintained automatically
held to close of themselves. When the treadle 25 re-
turns to its original position, the rotatory disc 21 is re-
leased from engagement with the high-speed clutch
plate 11 and the switch 26 is opened. Although the
magnetic field of the relay 33 is demagnetized upon
opening of the above mentioned circuits by the com-
plete contact between the insulator 41 of the metal ring
6 and the brush 8, demagnetization of the magnetic
field in the relay 33 is not, however, immediate, but is
delayed due to the reasons that during high-speed oper-
ation of the sewing machine by closing the holding con-
tact 37 in parallel with the switch 26 duration of con-
tact between the insulation portion E of the metal ring
6 and the brush 9 is extremely brief because of the
high-speed rotation of the metal ring 6 and of the small
angle & of the insulator 41 mounted on the metal ring
6, the response of the relay 33 is generally poor, and
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the series circuit 39, 43 of surge absorption is in con-

nection with the relay 33. Hence, the relay 33 is en-
abled to be self-closing until the sewing machine upper
spindle 2 reaches a certian rotatory speed N; which de-
pends on the demagnetization time of the relay 33 and
the size of the angle « enclosed by the insulation por-
tion E of the metal ring 6. When the rotatory speed of
the upper spindle 2 is less than a certain speed N3 and
the contact time between the brush 9 and the insulation
portion E of the metal ring 6 is enough for demagnetiz-
ing the magnetic field of the relay 33 so that the relay
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33 can no longer maintain excitation for a sufficient .

length of time and its magnetic field collapses com-
pletely, whereupon the contact 37 is opened, contacts
35, 36 are opened, thus cutting supply of current to the
secondary motor 18, the contact 34 is closed, thus volt-
age is applied to the direct current electromagnetic
brake coil 17’, and the secondary motor 18 is stopped,
thus stopping the low-speed clutch plate 14 and the ro-
- tatory disc 21 with which it is engaged, and hence the
upper spindle 2. Accordingly, the sewing machine nee-
dle is stopped within a predetermined position in accor-
dance with the stopped pesition of the upper spindie 2
because the upper spindle 2 is stopped in such a man-
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ner that the metal ring § mounted on the upper spindle

2 is stopped in contact with the brush 8 at its insulation
portion F within the range of angle 8 after rotation
speed of the upper spindle 2 is exactly lowered to the
"certain speed N by arrangement of the metal ring 6,
brush 9 and holding contact 37 as mentioned hereinaf-
ter with reference to FIGS. 4 to 7.

In FIG. 4 shown relation between the speed of the
sewing machine upper spindle 2 and the time of opera-
tion, at the time t, from starting of the sewing machine
by depression of the treadle 285 the main motor 13 is
reached to the full speed to rotate the upper spindle 2
through the clutch plate 11 and the rotatory disc 21,
and the secondary motor 18 is reached to the full speed
at the time t, from the simultaneous closing of the
switch 26. In connection of the high speed N, rotation
of the upper spindle 2 driven by the main motor 13, if
the treadle 25 is returned to its original position at the
time ¢ the rotatory disc 21 is disengaged from the high-
speed clutch plate 11 and engages the low-speed clutch
plate 14 by the lever 19 and the upper spindle 2 falls
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rapidly from the high-speed N, to the low-speed N, of
the secondary motor 18. During this fall in speed of the
upper spindle 2, if the brush 9 is brought into ¢ontact
with the Insulation portion E of the metal ring 6 in the
interval a to b shown in FIG. 4 between the middle-
speed Nj and the low-speed N, which can be obtained
the enough time for opening the relay 33, the upper
spindle 2 goes beyond the low-speed rotation of the
secondary motor 18 and is stopped at the point ¢ shown
in FIG. 4. However, the stopped position of the upper
spindle 2 at point ¢ often lies within the hatched portion
X of FIG. 6 beyond the predetermined area Y defined
as an angular range deviated the same amounts in the
negative and positive direction with respect to the de-
sired stop position of the sewing machine needle, since
the speed for opening the relay 33 in the condition of
contacting the brush 9 with the insulation portion E of
the matal ring 6 is relatively high and varies at randam,
for example, if the speed as it opened the relay 33 is
near to the middle-speed N ;, the stopped position. of
the upper spindle 2 is far from the predetermined area.
FIGS. § to 7 respectively show curves of the angular de-
viations with respect to the stopped position of the
upper spindle 2, each in which an abscissa expresses
the frequency of occurrence in connection with the
stopped position of the upper spindle 2 and an ordinate
defines the positive or negative angle with respect to a
standard point of the upper spindle 2, the spindle of
FIG. § being employed three metal rings 5 to 7 with the
holding contact 37 in accordance with the present in-
vention while the other spindles of FIGS. 6 and 7 are
employed two metal rings 5 and 7, or 6 and 7 and are
sometimes stopped beyond the predetermined area re-
lating to the desired stop position of the sewing ma-

.chine needle. It is to be noted that the middle speed N,

which settles the upper limit for closing the relay 33 is
necessary to set a speed much higher than the low-
speed N, of the secondary motor 18 since if the middle-
speed is equal or near to the low-speed there occurs to
make it impossible to operate the secondary motor by
the relay 33 which is maintained to keep its closing
without reliability in some cases. In addition, the brush
9 is in contact with the insulation portion E of the metal
ring 6 in the interval b to f of FIG. 4 in low-speed N,
of the secondary motor 18, the upper spindle 2 is
stopped at point ¢ in FIG. 4 of which the angular devia-
tion lies within the predetermined area of the central
distribution curve of FIG. 6, since the speed of demag-
netizing in the relay 33 is always even. However, when
the upper spindle 2 has two metal rings 6 and 7 with the
holding contact 37 of the relay 33 except for the metal
ring §, the stopped position of the upper spindle 2 does
not ensure to put into the predetermined area as shown
in FIG. 6, so that the present invention is provided a
sewing machine electrical drive device in which the
upper spindle has three metal rings 5, 6 and 7 including

. the metal ring § in contact with the brush 8 connected
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directly with the relay 33 so as to eliminate the disad- |
vantages of FIG. 6, i.e., the hatched, tailing portion of
the distribution curve in FIG. 6.

In the present invention, the assurance for stopping
the upper spindle 2 within the predetermined area as
shown in FIG. § is achieved by prbviding' an arrange-
ment of three metal rings 5, 6 and 7 whereby the brush
8 being always kept in contact with the metal ring § and
in connection with the relay 33 is removed from the in-
sulation portion F of the metal ring § when the stopping
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point of the upper spindle 2 falls within the hatched,
tailing portion shown in FIG. 6 beyond the predeter-
mined area. By this arrangement, when the brush 8
comes into contact with the connection portion D of
the metal ring § beyond its insulation:portion F corre-
sponding to the insulation portion E of the next metal
ring 6 the relay 33 is again energized through the three
metal rings 5, 6 and 7 and the secondary motor 18
started, under which conditions the upper spindle 2 is
again driven to rotate at the low-speed N, by the sec-
ondary motor 18 as following the dotted line ¢ to 4 of
FIG. 4 and, when'the brush 8 is again brough into con-
tact with the insulation'portion F of the metal ring 5 at
point g in FIG. 4 and the secondary motor 18 is stopped
by opening the relay 33, is stopped within the predeter-
mined area at point d.in FIG. 4. Accordingly, with this
arrangement it is ensure that the stopping point of the
upper spindle 2 alway lies within the predetermined
area Y of the central distribution curve of FIG. 5 since
it can eliminate the disadvantages of the FIG. 6 by the
provision of the metal ring § having the insulation por-
tion F of which distance is more wider than that of the
corresponding insulation portion E of the metal rint 6
"and the brush 8 being in contact with the metal ring §
and in connection with the relay 33. Thus, by suitable
positioning of the upper spindle 2, a sewing machine
drive unit of extremely high precision is obtained.
Moreover, there are known conventional devices
which do not possess the metal ring 6 and the holding
contact 37, but with the other rings 5 and 7 there is no
guarantee that the stopping point of the upper spindle
2 lies within the predetermined area of the distribution
curve of FIG. 5, but rather the distribution is always as
shown in FIG. 7 and varies in accordarnce with the mid-
dle speed Nj; depending upon the characteristic of the
relay 33. When the middle-speed N’ is larger than the
low speed N, enough to step the spindle 2, there is a
strong tendency for producing chattering of the relay
33, which considerably impairs the length of the ser-
vice-life of the relay 33, and the upper spindle 2 is often
stopped beyond the predetermined area as shown with
an area Z in FIG. 7, while, when the middle-speed N,
is small sufficient to eliminate the chattering of the
relay 33, the upper spindle is stopped within an area Y
in FIG. 7. In other words, the former.is one case in
which condition the low-speed N, is much smaller than
the middle-speed N;' while the latter is the other case
in which condition the middle-speed N, is large than
that of the former and near to the middle-speed Nj.
This is because that the sewing machine is generally
driven either at high-speed ( about 6,000 r.p.m. ) or at
low-speed ( about 3,000 r.p.m. ) by the operators’ elec-
tion and, accordingly, the low-speed N, lies on either
high-speed or low-speed. The area Z of FIG. 7 shows
the frequency of occurrence when the sewing machine
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proved compared with conventional devices, -and
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is driven at low-speed, and the area Y of FIG. 7 shows

the frequency of occurrence when the sewing machine
is driven at high-speed. Thus, as clearly understood
from the above-mentioned, the conventional sewing
machine drive devices have disadvantages such as that
a relay often produces the chattering to cause to
shorten the life of itself, and the stop position of the
sewing machine varies at a large area of the frequency
of occurrence in accordance with the changing of the
rotation speed of the sewing machine. On the contrary
the present invention offers a control drive device of
the sewing machine whose precision is greatly im-
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which eliminates relay chattering, thus improving relay
service-life, and in which, moreover, precision does not
depend on the speed of operation of a sewing machine,
the device of the present invention thus being of great
practical advantage in sewing machine operation.

Although the present invention has been fully de-
scribed with reference to the accompanying drawings
in connection with the preferred embodiment thereof,
various changes and modifications are apparent to
those skilled in the art. Therefore, the present inven-
tion is not to be limited thereby and such change and
modifications should be construed as included within
the scope of the present inventjon unless otherwise
they depart therefrom.

What is claimed is:

1. A sewing machine electrical drive device compris-
ing a main drive unit, a secondary drive unit that oper-
ates at reduced speed, a brake unit that controls the
secondary drive unit, a clutch assembly for selective
engagement with the main or secondary drive unit to
drive a sewing machine upper spindle, a switch that is
closed when said clutch assembly is engaged with the
main drive unit and open when the clutch assembly is
disengaged from the main drive unit and engaged with
the secondary drive unit, a relay possessing a holding
contact and contacts which control the above-
mentioned brake unit, and a current interrupter fixedly
mounted on the sewing machine upper spindle and
comprising conducting rings, part of whose peripheries
are non-conducting and into two of which grooves are
cut at the respective non-conducting peripheries the
length of the arc lying between the grooves in one ring
being greater than that between the grooves in the
other, and brushes which contact the said conducting
rings, wherein the said relay is brought into connection
with an electrical power source through the action of
the said switch and through the said brushes in contact
with said conducting rings and a series circuit'in con-
nection with the above-mentioned holding contact.

2. A sewing machine electrical drive as claimed in
claim 1, wherein the said current interrupter comprised
a first metallic ring part of whose periphery is insulated
by an insulator material around a central portion com-
posed of an insulator material, a second metallic ring
part of whose periphery is insulated by an insulator ma-
terial around a central portion composed of an insula-
tor material, said grooves being cut at the insulation
portion at a distance from one another into the central
portion, and a third metallic ring part of whose periph-
ery is insulated by an insulator material around a cen-
tral portion composed of an insulator material, said
grooves being cut at the insulation portion at a distance
from one another into the control portion, the distance
of the third ring being greater than the distance of the
second ring, the said three metallic rings being brought
together by pressure engagement in which configura-
tion the portions between grooves of the said two rings
form insulated portions, the first ring contacting with a
brush connected to the power source, the second ring
contacting with a brush connected to the relay through
the holding contact, and the third ring contacting with
a brush connected to the relay.

3. A sewing machine electrical drive device as
claimed in claim 1, wherein the said relay contacts
function to actuate the said secondary motor upon en-
ergization of the said relay and to actuate the said

brake unit upon.de-energization of the relay.
* ook ok ok K ’




