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A material feeding device includes material wrapped around 
(21) Appl. No.: 13/041,281 a spool, the spool rotating around an axis. A material feeding 
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unraveling the material from the spool. A force deflection 
Publication Classification device is arranged between the spool and the material feeding 

(51) Int. Cl. mechanism, and is connected to the material. The force 
D05B 49/00 (2006.01) deflection device is configured to as to deform physically 
B65H59/00 (2006.01) when the material feeding mechanism applies an initial feed 
B65H 57/00 (2006.01) ing force to the material. 

1 OO 1OO   



Patent Application Publication Sep. 6, 2012 Sheet 1 of 16 US 2012/0222601 A1 

  



Patent Application Publication Sep. 6, 2012 Sheet 2 of 16 US 2012/0222601 A1 

  



Patent Application Publication Sep. 6, 2012 Sheet 3 of 16 US 2012/0222601 A1 

FIG. 1D 
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METHOD AND DEVICE FOR ABSORBNG 
NITIAL FORCE IN A THREAD IDELIVERY 

DEVICE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a device and method 
for absorbing some of the initial force/energy exerted by a 
thread delivery device. Such a device and method are particu 
larly useful when applied to sewing and embroidery 
machines. However, this device and method are equally 
applicable to any similar type offeeding device (e.g., a device 
that feeds String, rope, chain, etc.). 
0003 2. Description of Related Art 
0004 Prior art sewing and embroidery machines use a 
needle or some other feed device to pull thread from a spool 
so that the thread can be delivered to, and penetrated through, 
a material that is to be stitched. These devices transfer most of 
the initial force exerted on the thread by the feeding device 
directly to the thread spool (with some force obviously being 
lost due to friction). 
0005. Some of the undesirable effects of this technique are 
variable thread tension and spool over-spinning. 
0006 With such a variable thread tension, it is difficult to 
ensure propertension in the thread Stitches. Thus, the quality 
of the stitches made may be adversely affected. In addition, 
this variable thread tension can result in thread slippage at the 
point where the thread feeding device engages with the 
thread. If such thread slippage occurs, then the actual amount 
of thread that is fed is less than the intended amount. Thus 
could result in an inadequate amount of thread being provided 
for the current stitch. In this case, the additional thread needed 
for the stitch would be pulled from the previous stitch, which 
could negatively affect the Stitch quality. In fact, if too much 
additional thread is pulled from the prior stitch, then the prior 
stitch could be pulled completely out of the workpiece. This 
presents a significant problem. 
0007 Spool over spinning only adds to these problems. 
More specifically, spool over-spinning causes more thread to 
be pulled from the spool than is intended, which often results 
in the over-pulled thread causing a mechanical jam in the 
sewing or embroidery machine. In addition, even if the over 
pulled thread does not cause a mechanical jam, the over 
pulled thread presents less resistance the next time the feeding 
device attempts to pull the thread, since the rotational resis 
tance of the spool does not need to be overcome in order to 
remove the over-pulled thread from the spool. This only 
serves to exacerbate the variable thread tensioning problems 
discussed above. 
0008. The above problems associated with typical thread 
feeding devices result in a negative impact on the Stitch qual 
ity of the sewing or embroidery machine, particularly at fast 
Stitching speeds. 
0009. The above problems particularly present themselves 
when using an alternative to conventional lockStitch embroi 
dery, which employs a replaceable cartridge containing a 
needle and embroidery thread, supplied pre-threaded by 
means of a hollow needle of the type commonly used for 
intravenous injection. A Stitching mechanism creates under 
side loops retained in the workpiece by friction (so called 
“single-needle' embroidery or stitching). 
0010 Prior art machines of this type have the capacity to 

install only a single cartridge at one time, Such that an embroi 
dery pattern of several colors requires several cartridge 
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changes performed by the user, interrupting an otherwise 
automated process. Embroidery patterns commonly com 
prise eight or more colors, resulting in a tedious operation to 
produce a single finished workpiece. 
0011. In addition, since this type of machine has unse 
cured loops of thread hanging from the bottom of the work 
piece, the above described problems of variable thread ten 
sion and spool over-spinning are magnified. 

SUMMARY OF THE INVENTION 

0012 Arranging a force deflection device (such as a 
spring) in a sewing machine (including an embroidery 
machine) between the point at which the thread feeding 
device engages with the thread and the point at which the 
thread is wound around the spool, has been determined to 
absorb some of the initial force exerted on the thread by the 
feeding device. As such, spool over-spinning can be greatly 
reduced, and in Some cases illuminated. 
0013 To this effect, a material feeding device is provided 
which includes material wrapped around a spool, the spool 
rotating around an axis. A material feeding mechanism feeds 
the material in a feeding direction, thereby unraveling the 
material from the spool. A force deflection device is arranged 
between the spool and the material feeding mechanism, and is 
connected to the material. The force deflection device is con 
figured to as to deform physically when the material feeding 
mechanism applies an initial feeding force to the material. 
0014. A method offeeding a material from a spool is also 
provided. The method involves using a material wrapped 
around a spool (which rotates around an axis). An initial 
feeding force is applied to the material so as to unravel the 
material from the spool. A force deflection device, which is 
connected to the material, is physically deformed and absorbs 
a portion of the initial feeding force before the initial feeding 
force is transferred to the thread on the spool. 
0015. A machine containing multiple cartridges installed 
concurrently promises greatly enhanced utility and conve 
nience by reducing the number of user interventions per fin 
ished workpiece. For example, a machine with capability to 
hold and sequentially operate four cartridges can reduce the 
number of user interventions required to produce an eight 
color pattern from seven to just one. Such a machine includes 
embodiments that: reduce the quantity and mass of moving 
parts per needle as compared with prior art designs, such that 
increased power Supply is not required; and incorporate a 
means for selectively engaging the operation of a desired 
cartridge through cooperative employment of existing 
machine mechanisms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIGS. 1A-1C show a sewing apparatus. 
0017 FIG. 1D shows a cutaway perspective view of an 
upper body and an embroidery frame of the sewing apparatus. 
0018 FIGS. 2A and 2B show, respectively, a cutaway 
perspective view and plan view of the base portion of the 
sewing apparatus showing an embroidery frame driving 
mechanism. 
0019 FIG. 3 shows profile views of frame engagement 
mechanism arranged as a schematic flow showing the opera 
tion sequence thereof. 
0020 FIGS. 4A-4C show a thread feed cartridge selection 
and engagement mechanism. 
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0021 FIGS. 5A-5D show embodiments of a thread feed 
mechanism. 
0022 FIGS. 6A-6E show embodiments of a detection 
device. 
0023 FIG. 7 shows a controller for the sewing apparatus. 
0024 FIGS. 8A and 8B show, respectively, how a fixed 
thread position is maintained relative to the needle tip during 
downward motion of the needle to make a Stitch, and how a 
static position of the thread relative to the workpiece is main 
tained during the upward motion of the needle after a stitch 
has been made. 
0025 FIG. 9 shows various parameters required by the 
controller in order to determine a first amount of thread 
needed to make a stitch. 
0026 FIG. 10 shows a top side view of a portion of the 
workpiece in which one Stitch has been made at location 
X1.Y1 and a next stitch has been made at location X2.Y2. 
0027 FIG. 11 shows a situation where the desired loop 
length is Smaller than the height of a slack position of the 
needle. 
0028 FIG. 12 shows how, between needle cycles, the 
needle is positioned at a slack position during the XY move 
ment of the workpiece 18. 
0029 FIGS. 13 A-13E show the needle cycles through 
up/down movements and the workpiece moves in XY direc 
tions to form the stitches. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0030. It is to be understood that the figures and descrip 
tions of the present invention have been simplified to illustrate 
elements that are relevant for a clear understanding of the 
present invention, while eliminating, for purposes of clarity, 
many other elements which are conventional in this art. Those 
of ordinary skill in the art will recognize that other elements 
are desirable for implementing the present invention. How 
ever, because such elements are well known in the art, and 
because they do not facilitate a better understanding of the 
present invention, a discussion of Such elements is not pro 
vided herein. 
0031. The use of the terms “a”, “an”, “at least one”, “one 
or more', and similar terms indicate one of a feature or 
element as well as more than one of a feature. The use of the 
term “the to refer to the feature does not imply only one of 
the feature and element. 
0032. When an ordinal number (such as “first”, “second, 
“third”, and so on) is used as an adjective before a term, that 
ordinal number is used (unless expressly or clearly specified 
otherwise) merely to indicate a particular feature. Such as to 
distinguish that particular feature from another feature that is 
described by the same term or by a similar term. 
0033. When a single device, article or other product is 
described herein, more than one device/article (whether or 
not they cooperate) may alternatively be used in place of the 
single device/article that is described. Accordingly, the func 
tionality that is described as being possessed by a device may 
alternatively be possessed by more than one device/article 
(whether or not they cooperate). Similarly, where more than 
one device, article or other product is described herein 
(whether or not they cooperate), a single device/article may 
alternatively be used in place of the more than one device or 
article that is described. Accordingly, the various functional 
ity that is described as being possessed by more than one 
device or article may alternatively be possessed by a single 
device/article. 
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0034. The functionality and/or the features of a single 
device that is described may be alternatively embodied by one 
or more other devices which are described but are not explic 
itly described as having such functionality/features. Thus, 
other embodiments need not include the described device 
itself, but rather can include the one or more other devices 
which would, in those other embodiments, have such func 
tionality/features. 
0035. The present invention will now be described in 
detail on the basis of exemplary embodiments. 
0036 FIGS. 1A to 1D show a sewing apparatus 1, embod 
ied as an embroidery apparatus. The sewing apparatus 
includes a sewing apparatus body 2, safety cover 15 hingedly 
attached to the sewing apparatus body 2, an embroidery frame 
11, and a plurality of sewing cartridges 100a, 100b, 100c, 
100d. The embroidery frame 11 and the sewing cartridges 
100 are detachably attached to the sewing apparatus body 2. 
A workpiece 18 to be sewn is held in the embroidery frame 
11, and a hollow needle 102 capable of penetrating into the 
workpiece 18 is provided in each sewing cartridge 100. 
0037. The sewing apparatus body 2 includes a casing 10, 
an embroidery frame driving mechanism 9 that moves the 
embroidery frame 11 having the work cloth 18 in a horizontal 
plane with respect to the hollow needle 102 while the embroi 
dery frame 11 is held by a carriage 9. The body 2 also com 
prises and a selective engagement mechanism (See FIGS. 
4A-4C) for selecting a cartridge 100 from the plurality of 
cartridges 100a, 100b, 100c, 100d. 
0038. The casing 10 is a relatively small rectangular solid. 
For example, in one embodiment the casing 10 may be 14 
inches (356mm) long, 9/2 (241 mm) inches wide and 5/2 
inches (139 mm) high. The casing 10 contains main parts of 
the embroidery frame driving mechanism 9 and the cartridge 
driving mechanism 109, and the selective engagement 
mechanism 200. 

0039. A slot 5, allows access of the embroidery frame 11 
into the apparatus 1 for sewing during operation of the appa 
ratus 1. In one embodiment, the slot 5 extends in a lateral 
direction along a front wall 10c of the apparatus 1, and is 
formed in a front wall 10c between a base portion2b and a top 
portion 2a of the apparatus 1. In another embodiment, the 
casing 10 is formed as a unitary body (as shown in FIG. 1A) 
and the slit 5 is runs laterally along a front wall 10c and 
partially down the side walls 10b, 10d of the casing 10. The 
slit 5 is provided as to attach the embroidery frame 11 to an 
engagement mechanism 20 to engage the embroidery frame 
11 to the embroidery frame driving mechanism 9 and to move 
the embroidery frame 11 in a horizontal plane. On the right 
side of the upper surface 10a is a power switch 3, and a 
start/stop Switch 4 that starts and stops the sewing. Upper 
surfaces of the power switch 3 and the start/stop switch 4 are 
positioned at the same or a slightly lower level than the upper 
surface of the upper wall 10a. 
0040 FIG. 1D shows a cutaway perspective view of the 
upper body 2a and an embroidery frame 11, in an embodi 
ment where the upper body 2a forms a cover portion of the 
sewing machine 1. The apparatus 1 comprises a removable 
embroidery frame 11, a body 2 of the apparatus, and a frame 
and drive engagement mechanism 50 (See FIG. 3) for engag 
ing the frame to a frame driving mechanism 9. The apparatus 
1 further comprises at least one mating alignment feature 6, 
12 for engaging the frame 11 with the apparatus, wherein the 
mating alignment feature allows engagement of the embroi 
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dery frame to the apparatus where the frame and drive 
engagement mechanism 50 are at least partially obscured. 
0041. In the embodiment, the mating alignment feature 
further comprises a frame alignment feature 12 on the 
embroidery frame 11 and a body mating alignment feature 6 
corresponding to the frame alignment feature. With respect to 
the front side 10a of the upper body 2a of the cover, a raised 
alignment feature 12 is added to the leading edge of the 
embroidery hoop 11 where the leading edge is to be inserted 
into the engagement mechanism 20 within the embroidery 
apparatus 1. To enable correct insertion of the embroidery 
hoop 11 into the sewing apparatus 1, a cutout 6 of a shape 
corresponding to the raised feature 12 on the embroidery 
frame 11 allows clearance through the top portion 10a of the 
embroidery machine 1. The cutout 6 is positioned on the front 
face 10c of the top portion 2a to facilitate direct access to the 
frame and drive engagement mechanism 50 (See FIG. 3) 
within the machine. As shown in the embodiment, the cutout 
6 has a negative space profile that corresponds to the shape of 
the raised alignment feature 12. 
0042. It will be noted that although the present embodi 
ment has the raised alignment feature 12 on the frame 11 and 
the cutout alignment feature 6 on the body 2, the frame could 
be made in an embodiment (not shown) such that the cutout 
feature 6 is on the frame and the raised feature 12 is on the 
body 2a (e.g., via a groove cutout feature 6 and raised feature 
12 comprising guide element 7 formed as a notched rail 12 on 
the underside of the upper body 2a). 
0043. The apparatus further comprises a guide element 7, 
shown as a guide channel 7 configured such that the embroi 
dery frame 11 can be moved through the body to a point of 
engagement with the frame and drive engagement mecha 
nism 50 (FIG.3). A guide channel 7 is provided within the top 
portion 2b, leading from the cutout opening 6 of the upper 
body portion 2a to the point of engagement with the engage 
ment mechanism 20. In this way, reliable engagement of the 
embroidery frame 11 with embroidery frame driving mecha 
nism 9 is assured, even though the frame engagement and 
drive mechanism 50 is hidden or at least partially obscured 
from the view of the operator (as is the case in the present 
embodiment where the body 2a obscures the view if not made 
of a transparent material). As shown in FIG. 1D, the guide 
channel comprises sloped rail elements 7a, 7b that corre 
spond to the shape of the cutout 6. 
0044) The raised alignment feature 12 of the embroidery 
hoop 11 is larger than the slot 5, through which the frame 11 
otherwise passes into the machine 1 during both frame 11 
insertion and machine 1 operation. Accordingly, this raised 
feature 12 effectively prevents insertion of the embroidery 
frame 11 into the machine 1 to the degree that the frame 11 
may be lost accidentally from the reach of the operator's 
finger grip. 
0045. The mating alignment features 6, 12 of the upper 
body 2b and the frame 11 of the machine cover are chosen to 
be of a distinct and easily recognizable shape, thereby facili 
tating intuitive recognition of the insertion direction. Thus 
while the raised feature 12 and the cutout 6 both take a similar 
polygonal form as shown in FIG. 1D, other such intuitively 
recognizable shapes could be chosen (such as semi-circular, 
square, or even a whimsical design element such as a clover, 
a distinctive symbol or mark, or an animated character's 
profile). Once aligned, a latching mechanism 14 for the 
engagement frame 11 is further operated by intuitive, tactile 
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push/pull engagement and disengagement of the frame 11, 
which is described in more detail below (See FIG. 3). 
0046. A latching mechanism 14 for the engagement frame 
11 is further operated by intuitive, tactile push/pi 11 engage 
ment and disengagement of the engagement frame 11 once 
aligned, using the intuitive mating alignment features 6, 12 as 
shown in FIG. 1D. The latching mechanism 44 engages with 
a frame driving mechanism 9 for moving the workpiece 18 in 
the horizontal plane within the embroidery machine 1. As 
shown in FIGS. 2A and 2B, the carriage 9 has an engagement 
portion 16 that can engage/disengage an installation portion 
14 of the embroidery frame 11 theretoftherefrom. 
0047 FIGS. 2A and 2B are respectively a cutaway per 
spective view and plan view of the base portion 2b of the 
sewing apparatus 1 showing the embroidery frame driving 
mechanism 9. An exemplary embroidery frame driving 
mechanism which can be employed in the embodiments of 
the invention described herein is also shown in U.S. Pat. Nos. 
6,729.253 and 6,729,254, the entirety of each of which is 
incorporated by reference herein. The embroidery frame driv 
ing mechanism 9 includes the carriage 8 to which the embroi 
dery frame 11 is detachably attached, an X-axis direction 
driving mechanism 20 that drives the carriage 8 in an X 
direction (the left-right direction as shown) within a horizon 
tal plane, and a Y-axis direction driving mechanism 25 that 
drives the carriage 8 in a Y direction (the front and rear 
direction as shown) perpendicular, within the horizontal 
plane, to the X direction. 
0048. The X-axis direction driving mechanism 20 
includes a moving frame 24, an X-axis slider 22 attached to a 
X-axis drive belt 21, and an X-axis guide shaft 23. The driving 
mechanism 20 is operatively connected to a drive motor 29. 
The moving frame 21 is rectangular moves with a Y-axis 
slider 28. The guide shaft 23 is supported at its ends by side 
walls of the moving frame 21. 
0049. The Y-axis direction driving mechanism 25 includes 
the Y-axis slider 28 attached to a Y-axis belt drive belt 27 and 
a Y-axis guide shaft 26. The Y-axis direction driving mecha 
nism 25 is also operatively connected to a drive motor 29. 
0050. The Y-axis slider 28 is disposed under and attached 
to the X-axis direction driving mechanism 20, such that the 
moving frame 21 moves with the Y-axis slider 28. 
0051. An embodiment of the frame and drive engagement 
mechanism 50 is shown at FIG. 3. The engagement mecha 
nism includes a fixed guide 15, comprising a channel 17 
formed by at least one guide member 15 and a latch mecha 
nism 14 configured to engage aframe catch member 16 on the 
frame to the frame driving mechanism 9. The channel 17 is 
configured to position the latch mechanism 14 and the catch 
member 16 Such that the latch mechanism 14 engages and 
disengages the frame catch member 16 at a fixed location 19. 
A controller 70 (discussed below) controls the frame driving 
mechanism 9, and is configured to position the latch mecha 
nism at the fixed location 16. The channel 17 has a drive 
engagement side 29 and a frame engagement side 28. 
0052. As shown in FIG. 7, the controller 70 of the sewing 
apparatus 1 has a computer 71, which includes a CPU 71a, a 
ROM 71b, a RAM 71c, an input/output interface 71d, and an 
input/output terminal 71e. The CPU 71a, the ROM 71b, the 
RAM 71c, the input/output interface 71d, and the input/out 
put terminal 71e are operatively connected to each other, as 
for example via a bus. The input/output interface 71d is con 
nected with a drive circuit 20a for the pulse motor 20x of the 
X-axis direction driving mechanism 20, a drive circuit 25a for 
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the pulse motor 25y of the Y-axis direction driving mecha 
nism25, a drive circuit 24.a for the drive motor 24 of the thread 
feed and engagement driving mechanism 30, the power 
switch, and the start/stop switch 4. Exemplary controller and 
computer systems that can be used in conjunction with the 
present invention are described in U.S. Pat. Nos. 6,729.253 
and 6,729,254, the entirety of each of which is incorporated 
by reference herein. Also shown is a sensor 65 forming part of 
a detection mechanism 60 (See FIG. 6A-FIG. 6E) operatively 
connected to the CPU 71a, the ROM 71b, the RAM 71C, the 
input/output interface 71d, and the input/output terminal 71e. 
0053. The controller 70 includes a drive 72 capable of 
reading and writing instructions from memory 73, including 
internal memory or memory from a stored memory device 73. 
The drive 72 can be any device configured to read memory 
such as flash drives, CDs or DVDs, cartridges, memory cards, 
and other like devices, and includes hardware for interfacing 
therewith. The stored memory device can be an external stor 
age medium, Such as a memory cartridge, memory card, flash 
drive, CD or DVD, or other like device. The stored memory 
device can even comprise remote storage 73b transmitted 
over WAN or LAN networks, including those such as in cloud 
computing and storage systems. The memory 73 stores vari 
ous sewing data and programs, so that the sewing data and the 
programs are readable by the computer 71. Similarly, the 
control programs, the control signals, and the data may be 
distributed worldwide via the Internet. 
0054. In the sewing apparatus 1, an embroidery pattern 
can beformed on the workpiece 18 by controlling the embroi 
dery frame driving mechanism 29 (the X-axis direction driv 
ing mechanism 20 and the Y-axis direction driving mecha 
nism 25) and the thread feed driving mechanism 100 by the 
controller 70 based on the sewing data. A control program for 
sewing is stored in the ROM 71b. 
0055. The memory storage 73 stores various kinds of 
embroidery patterns, pattern data of various kinds for pre 
stored embroidery patterns, and a pattern selection control 
program for selecting a desired embroidery pattern from the 
various kinds of embroidery patterns. The memory storage 73 
also can include a pattern edit control program for editing 
(e.g., enlargement, reduction, unification, reversal) a selected 
embroidery pattern, and a display control program for dis 
playing an embroidery pattern for selecting and setting on a 
display (not shown). For example a flash card 73, connectable 
to the flash card connector, can store pattern data of a selected/ 
edited embroidery pattern. 
0056 FIG.3 shows profile views arranged as a schematic 
flow showing the operation sequence designed to position the 
latching mechanism 14 at a specific position of engagement 
and disengagement when the installation or removal of the 
embroidery hoop 11 is indicated. The controller 70 includes 
machine software and hardware (See FIG.7) that controls this 
movement. By interaction with the upper body 2a cover of the 
machine at a specific location, the latching mechanism 14 is 
designed to allow manual disengagement of the embroidery 
hoop 11. In this way, accidental disengagement of the hoop 
from the machine during other modes of operation can be 
prevented. 
0057. As shown in FIG.3 (at 200), the latch mechanism 14 

is moved into an engagement position against a fixed guide 
member 15. In the current embodiment, the engagement posi 
tion is a channel 17 formed by two fixed guide members 15a, 
15b. The controller 70 moves the drive-side 29 frame engage 
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ment mechanism 14 to the fixed guide members 15a, 15b 
from the drive engagement side 29 to a frame engagement 
position 19. 
0058. The catch member 16 on the frame engages the latch 
mechanism 14 at the engagement position 19. The one guide 
member 15b is shorter than the other guide member 15a. This 
allows the latch mechanism 14 to move into a stationary 
engagement/disengagement position by abutting the shorter 
guide member 15b, and sliding underneath the longer guide 
member Such that the latch protrusion 14a has a spring ten 
sion against the upper guide member 15a. 
0059. The catch member 16 of the drive engagement 
mechanism includes an opening 16a, and is positioned into an 
engagement position 19 from the frame engagement side 28 
of the fixed guide member. As shown at 210, the hoop or 
frame catch member 16 is separately guided into the channel 
17 from the frame entry end 28, moving the catch member 
opening 16a along the channel 17 formed by the fixed guide 
members 15a, 15b to the engagement position such that the 
spring loaded latch mechanism 14 is displaced under the 
catch member 16 until the catch member opening 16a reaches 
the engagement position 19. At 220, the protrusion 14a of the 
stationary latch mechanism 14 meets the frame catch member 
16 and engages a slot or opening 16a of the catch. The latch 
protrusion 14a includes at least one beveled edge 14b, which 
is adapted to allow the fixed guide member 15a and catch 
member 16 to displace the latch mechanism 14 when the latch 
mechanism 14 is moved against the fixed guide member 15a 
or the catch member 16. The fixed guide member 15a and the 
catch member 16, respectively, have reciprocally sloped bev 
els 16b, 15c, which facilitate the displacement of the latch 
mechanism 14 when moved against the fixed guide member 
15 or the catch member 16. 

0060. At 220 the frame catch member 16 is placed at a 
position where a user can no longer move the frame catch 
member 16 further into the sewing apparatus, as for example, 
against a stop (not shown). At this point the protrusion 14a of 
the latch mechanism 14 partially engages the catch slot 16a, 
up to the point where the latch protrusion 15a abuts the upper 
fixed guide member 15a. This creates highly tactile engage 
ment that is felt by a user as the latch mechanism 14 Snaps into 
position. Accordingly, a user intuitively knows by this sensa 
tion that the frame 11 is engaged without needing to rely on a 
visual cue. At 230 the frame catch member 16 and latch 
mechanism 14, thus engaged, are moved into the machine 
workspace by the machine software (not shown). It will be 
noted that as the latch mechanism 14 moves the frame into the 
sewing apparatus, the latch fully engages the catch member as 
it passes out of the guide member 15. 
0061 Disengagement and removal of the embroidery 
frame 11 is accomplished by reversing steps 200-230. As with 
the engagement, the latch protrusion 14 includes the at least 
one beveled edge 14b, which allows the fixed guide member 
15a to again displace the latch mechanism 14 when the latch 
mechanism 14 is moved against the fixed guide member 15a 
(as in going from step 230 to step 220). During disengage 
ment, the fixed guide member's sloped bevel 15c facilitates 
the displacement of the latch mechanism 14 when moved 
against the fixed guide member 15. 
0062. The sewing apparatus 1 can be configured to have a 
plurality of thread feed mechanisms, shown as removable 
cartridges 100a, 100b, 100c, 100d. As shown in FIGS. 
1A-1C, in one embodiment the sewing apparatus 1 comprises 
4 cartridges. However, the apparatus as described herein 
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could be adapted to include any number of cartridges 100n. 
Each cartridge could, for example, have a different colored 
thread, thereby allowing a preprogrammed embroidery pat 
tern utilizing many different colors to be completed with 
fewer runs of the apparatus 1. For example a preprogrammed 
pattern with 4 colors could be completed in one run of the 
apparatus configured to simultaneously include 4 cartridges 
100a, 100b, 100c, 100d each with threads of the correspond 
ing colored threads. Because the cartridges 100a, 100b, 100c, 
100d are each replaceable, a preprogrammed embroidery pat 
tern including 8 or less colors could be completed in two runs 
on the embodiment including 4 cartridges. 
0063 FIGS. 4A-4C show a thread feed cartridge selection 
and engagement mechanism 30 which is operatively con 
nected to the embroidery frame driving mechanism 9. The 
sewing apparatus 1 comprising a fixed cartridge 100 and 
moving needle 102 (See FIGS. 5A-B) can reduce the power 
consumed in Stitching the workpiece 18. Instead of moving 
the entire cartridge mass (including a large thread spool 103), 
the current embodiment moves only the needle 102 and 
related mechanisms of low-inertia design. This is accom 
plished by means of a gear train (described herein) that selec 
tively transmits power from a drive motor 24 to a rack 
mounted needle 102 within the cartridge 100. The reduced 
inertia of moving parts requires less energy to achieve the 
required accelerations in opposite directions on each Stitching 
cycle. 
0064 FIG. 4A shows one embodiment of a system and 
method for a thread feed selection and engagement mecha 
nism 30. As shown, the sewing apparatus 1 comprises a drive 
mechanism 24, a thread feed mechanism comprising a 
removable cartridge 100, and a needle engagement mecha 
nism 104 for engaging the thread feed mechanism. The drive 
mechanism comprises a drive motor 24 configured to transmit 
power from the drive motor 24 to the needle engagement 
mechanism, such that the drive motor 24 drives a needle 
within the cartridge without moving the entire cartridge. 
0065. The thread feed selection and engagement mecha 
nism 30 in the embodiment includes a spur gear transmission 
30, comprising a movable output drive gear 33 capable of 
selective engagement with one of several installed cartridges 
100a, 100b, ... 100m, such that a single drive motor 24 can be 
employed to select and drive each cartridge in the apparatus 1 
when a plurality of cartridges 100a, 100b, . . . 100n are 
installed. 

0066. In one embodiment, the selective engagement 
mechanism 30 is actuated by a complimentary function of the 
X-Y embroidery frame driving mechanism 9 and the control 
ler 70 therefor, as described herein. The drive mechanism 9 
and controller 70 are of a design otherwise commonly 
employed in embroidery machines as known to those of ordi 
nary skill in the art (such as that shown in U.S. Pat. Nos. 
6,729,253 and 6,729,254, the entirety of each of which is 
incorporated by reference herein). Thus one exemplary 
advantage of the selective engagement mechanism 30 is that 
it can be configured to work in conjunction with an existing 
mechanism to add functionality thereto. 
0067. The controller 71, and machine operating software 
71b, 71c therefore, control the selective engagement mecha 
nism 30 So as to arrange the selective engagement mechanism 
30 to position a selector lever 31 at a predetermined location 
facilitating engagement from the Y-direction. This is followed 
by a sequence of coordinated movements of the selective 
engagement mechanism 30 in the X-Y directions, a first 
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Sweep of the selective engagement mechanism 30 intended to 
intercept and move a keyed drive gear mechanism 33 from 
any position on the drive shaft 32 to a predetermined position 
at the end of the sweep, and a second sweep of the selective 
engagement mechanism 30 in the opposite direction termi 
nating so as to position the keyed drive gear mechanism 33 in 
the location of engagement with the drive mechanism 104 of 
the desired cartridge 100. 
0068. In one exemplary embodiment, the drive shaft 32 is 
operatively connected to the drive motor 24 and at least one 
drive gear 33 positioned on the shaft. The drive motor can 
comprise a variable speed motor (e.g., a stepper motor). The 
drive gear 33 is configured such that it can slide from position 
to position on the shaft 32. 
0069. Within a physically limited length interval, a drive 
shaft 32 comprises a physical configuration including, for 
example, a shaped cross section Such that a keyed drive gear 
33 of suitably matched cross section mounted thereon is 
constrained from rotating about and relative to the axis the 
shaft 32, and remains free to slide parallel to the axis. Such 
configurations can be of a non round shape, but could also 
include a round cross-section with elements adapted to allow 
for driving the gear, Such as a tab along the shaft 32 and a 
corresponding slot in a drive gear 33. Many specific configu 
rations of shafts and gears accomplishing this purpose are 
well known in the art, Such as the cross-sectional shapes 
including shapes a D shape, a round shape, a non-round 
shape, a clover shape, a notched shape, a triangular shape, a 
square shape, a polygonal shape, and a rectilinear shape. 
0070. In one embodiment, a D-shaft and keyed drive gear 

is utilized. The drive shaft 32 is a D-shaft, and the keyed drive 
gear 33 is positioned thereon to facilitate secure placement 
and rotation of the drive gear 33 when the shaft 32 is rotated 
by the drive motor 24. 
0071. The range of X-direction movement of the keyed 
drive gear 33 on the keyed drive shaft 32 is limited to maintain 
positional control at all times and without risk of jamming, by 
ensuring that the selector can be safely positioned to begin 
each Sweep outside the allowed range of drive gear movement 
on the shaft. The controller 70 is further configured to position 
the frame driving mechanism 9 (including the selector 31 in 
an area 45 outside of a work area 47 for the workpiece) to 
position the selector 31 to engage the drive gear 104. 
(0072. As shown in FIG.4C the controller 70 is configured 
to position the selector outside the work area by moving the 
frame mechanism in the Y-direction. 25. The controller 70 is 
further configured move the selector 31 in a first sweep to 
intercept and move the keyed drive gear 33 from any position 
on the drive shaft 32 to a predetermined position at the end of 
the Sweep, and a second Sweep in the opposite direction 
terminating so as to position the keyed drive gear 33 in the 
location of engagement (postitions 1-4) with the drive mecha 
nism 104 of the thread feed mechanism 100. The controller 70 
is further configured to limit the range of X-direction move 
ment of the drive gear 33 on the drive shaft 32, such that the 
selector 31 is positioned to begin each sweep outside the 
limited range of drive gear 33 movement on the shaft 32. 
Additionally the drive shaft 32 can also be physically config 
ured to mechanically limit the range of X-direction move 
ment of the drive gear 33 on the drive shaft 32 such that the 
selector 31 is positioned to begin each sweep outside the 
limited range of drive gear 33 movement on the shaft 32. For 
example, the drive shaft 32 can include a shaped cross-section 
such as a D-shaft. The drive gear 33 is keyed to the D-shaft 
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and slideably positioned on the shaped cross-section to move 
along its axis, as described herein. The longitudinal cut of the 
cross-section on the shaft 32 can end in a position that limits 
the X-direction movement of the drive gear 33 on the drive 
shaft 32, as, for example where the keyed D cross-section in 
the gear 33 abuts the shaft 32 at a point where the D-cut 
cross-section into the shaft 32 ends. 

0073. The needle drive mechanism includes an idler gear 
104 in a housing positioned to engage the drive gear and the 
thread feed mechanism 100. A selector 31 is attached to the 
frame driving mechanism 9. The selector 31 is configured to 
engage the drive gear 104 with the thread feed mechanism, 
and move the drive gear to any position (for example, 4 
positions corresponding to the 4 cartridges 100a-100d). As 
shown in FIGS. 4A-4C, needle engagement mechanisms 
104a-104d are configured to engage the drive gear 33 to each 
of the cartridges. The controller 70 is configured to move the 
frame driving mechanism 9 to position the drive gear Such 
that the drive gear engages the thread feed mechanism 100. A 
reduction gear 40 and drive shaft 40 are provided between the 
drive shaft 32 and the drive motor 24 to control the torque 
delivered from the drive motor 24. A locking mechanism 43 
locks the drive gear 33 when the drive gear 33 engages a 
removable cartridge 100. In one embodiment, the locking 
mechanism 100 can include a detent on the drive shaft 32 to 
lock the drive gear 33 into a position wherein it can drive the 
needle engagement mechanism without slipping or sliding 
out of position. The detent is configured to lock the gear into 
position yet also allow the selector to move the gear between 
positions thread feed mechanisms 100a-100d. 
0.074 The needle engagement mechanism can be config 
ured to engage at least one thread feed mechanism, the thread 
feed mechanism comprising a removable cartridge. This can 
be accomplished by selecting at least one drive gear, and 
moving the drive gear to engage the at least one thread feed 
mechanism. The controller 70 moves the frame driving 
mechanism to position the drive gear Such that the drive gear 
engages the thread feed mechanism 100. The engagement 
mechanism 30 slides the at least one drive gear 33 to a needle 
engagement position, the drive gear being mounted on a shaft 
operatively connected to a drive motor 24 for driving the 
thread feed mechanism 100. The frame 11 is positioned out 
side of a work area for a workpiece 18 when selecting and 
moving the drive gear 33. For example, when selecting and 
moving the drive gear, the X-Y frame driving mechanism 9 
moves the frame 11 in the Y-direction. The selector 31 is then 
positioned to engage a sequence of coordinated movements in 
the X-Y directions, so as to position the drive gear 33 such that 
the drive gear 33 engages a drive mechanism 104 of the thread 
feed mechanism. 

0075. The positioning of the selector 11 includes moving 
the selector 11 in an X direction to a first drive gear 33 
position (any of p-1 to p-4), moving the selector 11 in a Y 
direction to select the drive gear 33, and then sliding the drive 
gear 33 in an X direction from the first drive gear position on 
the drive shaft to a second position on the drive shaft (any of 
p-1 to p-4 other than the first position), the second position 
being the location of engagement with the drive mechanism 
104 of the thread feed mechanism 100. As the FIG. 4C shows, 
the range of X-direction movement of the drive gear 33 on the 
drive shaft 32 is such that the selector 11 is positioned to begin 
each sweep outside the limited range of drive gear 33 move 
ment on the shaft 32. The drive gear 33 is locked when the 
drive gear 33 engages the thread feed mechanism 100. Power 
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is then transmitted from a drive mechanism 24, for example a 
stepper motor, to the needle engagement mechanism 106 
such that it drives a needle 102 within the cartridge 100. 
0076. In one embodiment, as described herein, the mecha 
nism can drive the needle 102 without moving the entire 
cartridge 100. The sewing apparatus 1 comprises a device 
configured to actively feed embroidery thread out of a car 
tridge 100 through a hollow needle 102. One advantage is that 
a thread break at or near the needle tip is automatically over 
come through normal operation of the sewing apparatus 1. 
Other exemplary advantages include: (a) enabling automatic 
recovery of the stitching function in the case of thread break 
age during embroidery; (b) eliminating any requirement for 
user adjustment or trimming of thread from the cartridge, 
prior to use or storage; and (c) enabling a complimentary 
function for thread cutting on the underside of the workpiece 
using a cutter assay (See FIG. 4B, 39) thereby reducing or 
eliminating the need for manual thread trimming at the start, 
finish or at jump stitches' in the embroidered pattern. 
0077. In another aspect, disclosed is a mechanism to 
enforce thread advancement on each downward plunge of the 
needle, and further inhibit reverse thread motion on the return 
stroke, and methods therefor. 
0078 FIGS. 5A-B show embodiments of a thread feed 
mechanism including a cartridge 100. FIG. 5B shows the 
embodiment of the cartridge 100 comprising a double-acting 
lever mechanism configured to alternately engage both mov 
ing and non-moving thread locks. 
0079 A replaceable cartridge 100 contains a thread spool 
103 and a pre-threaded hollow needle 102, which are config 
ured to be mounted within the sewing apparatus 1. The 
replaceable cartridge 100 also includes mechanisms for inde 
pendent needle and thread motion control. 
0080 A rack slider 106 is mounted in the cartridge body 
100a, the rack slider 106 being constrained to allow only 
translation in the vertical axis. The rack slider 106 is opera 
tively connected to the needle drive gear 104. This drive gear 
104 delivers intermittent rotary motion to the rack slider 106, 
which receives and follows that motion. As described above 
with respect to FIGS. 4A-4D, the needle drive gear 104 is 
ultimately driven by the drive motor 24 (embodied hereby as 
a stepper motor 24 which delivers intermittent rotary energy). 
In one embodiment, the drive gear 104 can be a keyed or 
ridged gear adapted to engage ridges on the rack slider 106. 
I0081. The rack slider 106 is configured to engage a thread 
control lever 108, such that the thread control lever 108 is at 
first rotated against a stop 106a, 106b (shown in the embodi 
ment as unitary with the rack slider 106) according to the 
direction of rack slider 106 motion, then further constrained 
to translation following the rack slider 106 over a remaining 
stroke length. 
0082. A fulcrum 107 of the thread control lever 108 is 
fixed to a thread feed body 110, such that the thread control 
lever 108 in a first stage movement first rotates about a pivot 
to engage at least one threadlock 114 (discussed below), and 
then causes translation of the thread feedbody 110 in a second 
stage movement. Intermittent rotary motion of the drive gear 
104 is received and followed by the rack slider 106 mounted 
in the cartridge body 100a, the rack slider 106 being con 
strained to allow only translation in the vertical axis. 
I0083. The thread feed body 110 includes a constraining 
channel 111 for thread passage, and a lateral slot 112 through 
which the thread control lever 108 can engage thread lock 
114B, thereby preventing motion of the thread 101 through 
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the channel 111 during downward motion only. It will be 
understood the thread control lever may also engage the 
thread lock by a hinged connection 114B or such connection 
as to allow the thread control lever to engage the thread lock 
114B 

I0084. The thread feed body 110 receives both the needle 
102 and an extension guide element (embodied as extension 
guide spring 115) fixed to the thread feed body 110 at oppo 
site ends. 

0085. The thread 101 is passed through the extension 
guide spring 115, which is fixed on the upper end of a receiv 
ing feature 116 on the cartridge body 100. The extension 
guide spring acts to constrain the thread 101 at all times 
against significant bending, kinking, or looping within the 
passages formed through the cartridge body 100a, extension 
guide spring 115, and the constraining channel 111B of the 
thread feed body 110. 
I0086. The cartridge body further contains a lateral slot 
112A through which the thread control lever 108 may engage 
thread lock 114A, thereby preventing motion the thread in a 
fixed channel 111A (here shown in the fixed cartridge 100a) 
during upward motion only. It will be understood the thread 
control lever may also engage the thread lock 114A by a 
hinged connection, or by Such connection as to allow the 
thread control lever to engage the thread lock 114A. 
0087. A cylindrical presser foot 118 surrounds and is 
coaxial with the needle 102. The presser foot 118 is mounted 
on or otherwise operatively connected to the rack slider 106, 
such that the presser foot 118 is configured to move with the 
rack slider 106. The presser foot 118 is further controlled by 
a return spring 122, which is positioned to maintain a position 
of full extension as against the presser foot 118 unless bearing 
against the workpiece 18. As shown in FIG. 5B, the return 
spring 122 is shown as positioned between the presser foot 
118 and the rack slider 106. 

0088 A second return spring 120 is positioned to maintain 
the rack slider 106 at the upper limit of travel, until overcome 
by force exerted on the rack slider 106 by the drive gear 104. 
As shown in FIG. 5B, the compression return spring 122 is 
shown as positioned between the presser foot fixed cartridge 
100a and the rack slider 106. 

0089. The return springs are shown as a compression 
return springs, but each could be any spring chosen as appro 
priate, including extension springs, torsion springs, or other 
Such springs as known to those of ordinary skill in the art. 
0090. A threadlock arm 124 of the cartridge body 100a is 
positioned to engage the thread control lever 108 and thread 
lock 114B in the feed body 110, such that the thread 101 
cannot be freely withdrawn from the cartridge 100 when the 
needle is positioned at the upper limit of travel. 
0091. The result of the above-described functions is that 
thread 101 is positively advanced with the needle on each 
downward stroke of the needle 102, and thread thus advanced 
is further constrained against return with the needle 102 on 
each upward (return) stroke. In this way, thread 101 is actively 
advanced from the open tip 102A of the needle 102 by an 
amount nearly equal to the downward stroke length of each 
cycle. It will be noted that while the described embodiment 
shows two thread locks 112A, 112B, the cartridge 100 could 
be configured to allow a single thread lock 112 to both con 
strain the movement of the thread to follow the needle on the 
downstroke and constrain the thread to stay stationary as the 
needle moves on an upstroke (not shown). 
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0092. It follows that a mechanism arranged to adjustably 
control the stroke length, also positively controls the advance 
of thread from the cartridge 100 through the needle tip 102A. 
Such control, in coordination with separate control of the 
lateral movement of an embroidery workpiece (not shown), 
enables the following exemplary functions and features: 

0.093 Programmed, coordinated control of the machine 
mechanisms to optionally produce Satin Stitches or che 
nille loop stitches on the front design side of the work 
piece. 

0094) Active replenishment of thread 101 from the 
needle tip 102A in the event of thread breakage within 
the needle 102 during operation of the machine, further 
enabling self-recovery of stitching in the event of thread 
breakage during embroidery. 

(0.095 Advancement of thread 101 from the needle tip 
102A below the underside of the workpiece (not shown), 
further enables automated cutting of the thread 101 by a 
mechanism (FIG. 4D, 39) provided for such purpose, 
resulting in the following advantages: 
0096 attached, loose thread ends need not remain on 
the front design side at the start or finish of stitching of 
a pattern; and 

0097 a continuous jump stitch' need not remain on 
the front design side between segments of a pattern; 

0.098 where each of these conditions otherwise requires 
manual trimming by the machine operator following 
machine embroidery by prior art means. 

I0099. One embodiment of controlling the above described 
thread feeding mechanism will now be explained. 
0100. As shown in FIG. 8A, the thread feeding mechanism 
described above (including the rack slider 106, thread feed 
body 110, and upper and lower thread locks 114A, 114B) 
maintains a fixed thread position relative to the needle tip 
during downward motion of the needle to make a Stitch (i.e. 
pulling thread 101 from the spool 103), since the lower thread 
lock 114B engages the thread 101 when a stitch is made. As 
shown in FIG. 8B, the thread feeding mechanism maintains a 
static position of the thread 101 during the upward motion of 
the needle 102 after a stitch has been made (i.e. the needle 102 
glides over the thread 101 without pulling, leaving the thread 
101 fixed in position relative to the anchoring position of the 
previous Stitch), since the upper threadlock 114A is engaged 
with the thread 101 at this point. With this system, tensioning 
of the stitches is accomplished by control of the feeding of the 
appropriate amount of thread 101 through controlling the up 
and down motion of the needle 102 and the engagement and 
disengagement of the threadlocks 114 (i.e., upper threadlock 
114A being disengaged and lower thread lock 114B being 
engaged when needle 102 moves down; and upper threadlock 
114A being engaged and lower thread lock 114B being dis 
engaged when needle 102 moves up). This control is accom 
plished by variable determination of the top of the needle 
stroke and the bottom of the needle stroke, on a stitch by stitch 
basis. 
0101 To this affect, referring now to FIG.9, the controller 
70 is configured to calculate a first amount of thread A 
needed for a particular Stitch by using the following formula: 

where Ls is the desired Stitch length (i.e., the distance from 
one Stitch anchoring XY position to the next stitch anchoring 
XY position in the current needle cycle); L is the desired 
length of the loop formed on the underside of the workpiece 
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18 as measured from the top surface of the workpiece 18 (i.e., 
the amount of thread 101 needed for appropriate anchoring of 
the Stitch in the backing material); and C is a small constant 
which is subtracted to ensure that the appropriate thread ten 
sion is provided between stitches. 
0102 FIG. 10 shows a top side view of a portion of the 
workpiece 18 in which one stitch has been made at location 
X, Y, and a next Stitch has been made at locationXY. The 
controller 70 often times must also be configured to calculate 
the desired stitch length Ls based on the known desired move 
ment of the workpiece 18 from one stitch location X,Y, to 
the next stitch location X.Y. In this case, the controller 70 is 
configured to calculate the desired Stitch length Ls by using 
the following formula: 

where X is the position of the first stitch in the X direction of 
the horizontal plane of the workpiece 18;Y is the position of 
the first stitch in the Y direction of the horizontal plane of the 
workpiece 18; X is the position of the next stitch in the X 
direction; and Y is the position of the next stitch in the Y 
direction. 
0103) In addition, as shown in FIG. 11, there may be a 
situation where the desired loop length L is smaller than the 
height Hs of a slack position Ps (discussed below with refer 
ence to FIGS. 11 and 12) of the needle 102 above the position 
P of the top of the workpiece 18 to allow for movement of 
the workpiece 18 to the next stitch location. In such a situa 
tion, it may be the case that the amount of thread 101 needed 
to move the workpiece 18 from a first XY position to a second 
XY position will be more than the first amount of thread A 
calculated by the controller 70. If this is the case, only playing 
out the first amount of thread A. from the spool 103 will 
result some of the thread 101 being pulled out of the previous 
stitch. This undesirably shortens the length of the prior thread 
loop, and could possibly result in the prior thread loop being 
pulled out of the workpiece 18 entirely. Thus, the first amount 
of thread A calculated by the controller 70 may actually be 
less than the actual amount of thread A required to form the 
next Stitch without unduly weakening the previous Stitch. 
0104. To account for such a situation, the controller 70 is 
configured to calculate a second amount of thread A needed 
for a particular Stitch by using the following formula: 

0105. The controller is configured to compare the first 
amount of thread A with the second amount of thread A. 
and use the greater of the two amounts as the actual amount of 
thread A, which is to be played out from the spool 103. 
01.06 To account for the case where the controller 70 
determines that the second amount of thread A should be 
used, the controller is configured to increase the length L of 
next loop made (when the controller uses A as the actual 
amount of thread A needed to make the next stitch) by the 
following formula: 

L*=(A-L)+C. 
0107 where L is the newly determined desired length 
L of next loop; and C is a small constant which is added to 
ensure that the appropriate thread tension is provided 
between Stitches (the constant C may be the same value as 
that of the constant C, or it may be a different value from that 
of the constant C). 
0108 Referring to FIG. 12, between needle cycles (i.e., 
one down and up cycle of the needle 102), the workpiece 18 
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is moved in XY dimensions relative to the needle 102 to 
provide the correct location for the next stitch. During the XY 
movement of the workpiece 18, the needle 102 must be posi 
tioned a minimum distance above the top surface of the work 
piece 18 to allow for workpiece 18 to move in XY dimensions 
without the tip of the needle 102 snagging on the workpiece 
18 or the threads of previous stitches. This minimum distance 
is referred to as the slack position Ps, and has been determined 
to generally be in the range of 1 mm to 4 mm. Accordingly, the 
slack position Ps changes each time a new current position P 
of the top of the workpiece is determined (discussed below). 
0109 Before the needle 102 can come to rest at the slack 
position Ps, so that the workpiece 18 can be moved, a mini 
mum amount of thread 101 for making the next stitch must 
first be played out from the spool 103. Thus, after forming a 
stitch as shown in FIG. 13A, the lower thread lock 114B 
disengages from the thread 101 and the upper thread lock 
114A then engages the thread 101 so as to prevent the thread 
101 from moving while the needle 102 is removed from the 
workpiece 18. Then, as seen in FIG. 13B, the needle 102 is 
moved to a rest position P. above the top surface of the 
workpiece 18. Generally, the rest position P. corresponds to 
a distance above the vertical position P of the top surface of 
the workpiece 18 that is equal to the amount of thread A. 
needed for a next stitch (i.e., P. P+A). 
0110. The controller 70 is configured to determine the rest 
position P based, in part, on a signal received from a sensor 
65 (described below in relation to FIGS. 6A-6D). More spe 
cifically, the controller 70 receives a signal from the sensor 65 
upon the downward stroke of the needle 102 indicating the 
vertical position P of the top of the workpiece 18. The 
controller then adds the amount of thread A needed to the 
vertical position P in order to obtain the rest position P of 
the needle 102. After the needle 102 is moved to the deter 
mined rest position P, the needle 102 is then moved to the 
slack position Ps (as shown in FIG. 13C), pulling thread 101 
from the spool 103, so that the workpiece 18 can be moved in 
XY dimensions. 

0111. However, there is a physical limitation to how high 
the needle 102 can move. As such, the situation may occur 
when the maximum rest position P of the needle 102 is 
not at a sufficiently great enough distance from the vertical 
position P of the top of the workpiece 18 to provide all of 
the amount of thread A needed to form the next stitch (i.e., 
the determined rest position P is greater than the maximum 
rest position P.). In this situation, the needle 102 is moved 
up to the maximum rest position P and then down to the 
slack position Ps. The controller 70 is configured to calculate 
a second rest position P, in Such a situation, by the follow 
ing formula: 

PR2Ps +/AT-(PR-Piri): 

where P is a slack position of the needle 102 above the 
current position P of the top of the workpiece. 
0112 Since the needle movement positions are typical 
calculated in terms of the current position P. of the top of the 
work piece, another version of the above formula is: 

I0113. Since the slack height H is equal to the difference 
between the slack positionPs and the position P. of the top of 
the work piece, yet another version of the above formula is: 
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0114. In case the situation arises where the second deter 
mined rest position P also exceeds the maximum allowed 
rest position P, the controller is configured to repeat the 
above process as many times as is needed to play out the entire 
amount of thread needed for the next stitch. 
0115. As shown in FIG. 13D, once the entire amount of 
thread needed for the next stitch has been played out from the 
spool 103, the needle 102 is brought to the slack position Ps, so 
that workpiece 18 may be moved in the desired XY direc 
tions. As shown in FIG. 13E, upon positioning of the work 
piece 18 so that the needle 102 is located above the desired 
XY position of the next stitch, the needle 102 is then lowered 
through the workpiece 18 to the loop position P, correspond 
ing to a distance below the current position P of the top 
surface of the workpiece 18 equal to the current desired loop 
length L. As with the first position P of the top surface of 
the workpiece 18, the controller 70 receives a signal from the 
sensor 65 upon the downward stroke of the needle 102 to form 
the second stitch, which indicates the current vertical position 
P of the top of the workpiece 18. 
0116. A preferable desired length of each loop formed on 
the underside of the workpiece 18 had been found to range 
from 0.5 mm to 4 mm. Accordingly, the controller 70 may be 
configured to take into accounta desired loop length constant 
L., when forming Stitches. 
0117 More specifically, if the controller determined that 
the second amount of thread A should be used as the actual 
amount of thread A used in the prior Stitch, then the actual 
loop length L. created will be the new loop length L. 
which will be greater than desired loop length constant L. 
To adjust this longer loop length to be closer to the desired 
loop length constant Li, the controller may be configured to 
calculate the next first amount of thread A needed for the 
next Stitch by using the following formula: 

0118 Similarly, next second amount of thread A, 
needed for the next stitch by using the following formula: 

A re-fLs--Hs'-(2-Li-2 LLC). 
0119 The controller is configured to compare the first 
amount of thread A, with the second amount of thread 
A, and use the greater of the two amounts as the actual 
next amount of thread A, which is to be played out from the 
spool 103. 
0120. To account for the case where the controller 70 
determines (1) that the second amount of thread A, 
should be used, the controller is configured to repeat the 
process for increasing the length L of next loop made as 
described above (when the controller uses A, as the 
actual next amount of thread A needed to make the next 
stitch). 
0121. In this way, when making the next stitch, thread 
from the prior loop will be pulled out of the prior stitch, so as 
to shorten the original loop length L. of the prior loop so 
that the final loop length is roughly equal to the desired loop 
length constant L. 
0122) Accordingly, amount of thread used to make the 
loop of the prior Stitch (originally at twice the loop length 
L) will be reduced to be roughly equal to the amount of 
thread (2-L) needed to make a loop of the desired length 
L. (i.e., an amount of thread to extend through the top 
surface of the workpiece 18 to the bottom of the loop of length 
L., and then to extend from the bottom of the loop of length 
Lic back up through the top surface of the workpiece 18). 
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I0123 Thus, the up and down movements of the needle 102 
are determined by controller 70 on a stitch-by-stitch basis, 
rather than being fixed as constant up and down movements to 
fixed top and bottom needle positions. This allows for greater 
control of the tensioning of each Stitch, as well as greater 
control of the lengths of the thread loops created on the 
underside of the workpiece. Accordingly, a unique optimiza 
tion of sewing Stitch quality is able to be obtained. 
0.124. As seen in the above described drawings, the various 
positions of the needle 102 are determined based on the tip of 
the needle. This is because this position of the needle also 
corresponds to the position at which the thread is attached to 
the needle in the shown embodiment (i.e., where the thread 
passes through a hollow needle). However, the up and down 
movements of a solid needle with a horizontal hole (e.g., an 
“eye’) through which the thread passes can clearly also be 
determined on a stitch-by-stitch basis as above described 
above. In such a situation, the various positions of the needle 
102 would be determined based on the horizontal hole of the 
needle (e.g., the position of the “eye' of the needle). 
0.125. As shown in FIG. 5C, a further embodiment adds a 
force deflection device 300 to the thread path between the 
spool 103, and the needle drive mechanism 301 (which 
includes the rack slider 106, thread feed body 110, and lower 
thread lock 114B) and upper thread lock 112A. In this 
embodiment, the force deflection device 300 is in the form of 
a spring. 
0.126 The needle drive mechanism 301 accelerates during 
the stitch cycle (i.e., the downward stroke of the needle 102), 
consequently pulling the thread 101 with an abruptly 
increased force. The spool 103 and cartridge interface are 
designed to at least partially resist spinning of the spool. The 
sudden acceleration applied to the thread 101 by the needle 
drive mechanism, combined with the inertial force applied to 
the thread 101 by the spool 103 and the resistance to spinning 
of spool 103 be design, abruptly increases the tension on the 
thread 101, which can lead to uneven thread tension during 
the Stitching process. 
I0127. It is desirable to try and maintain a relatively smooth 
and gradual, increase and decrease in thread tension. Accord 
ingly, the force deflection device 300 is designed to deflector 
deform when the needle drive mechanism 301 accelerates 
during the Stitch cycle. In this way, some of the initial force 
applied by the needle drive mechanism 301 to the thread 101 
during the stitch cycle is transferred to the force deflection 
device 300, rather than having all of that initial force trans 
ferred directly to the spool 103. 
0128. Thus, the force deflection device 300 is able to 
reduce the Sudden increase in tension typically experienced 
by the thread 101. In this way, the deformation of the force 
deflection device 300 acts to absorb the peak energy applied 
by the needle drive mechanism 301 to the thread 101. This 
creates a more uniform tension in the thread to reduce the 
likelihood of thread slippage in the thread feeding device 
(e.g., the needle drive mechanism 301), as well as to reduce 
the likelihood of spool over-spinning and over-pulling the 
thread 101. 
I0129. In the particular embodiment of FIG. 5C, the spring 
300 is placed in the thread path between the spool 103 and a 
thread guide 302, which serves to guide the thread from the 
spool 103 into the upper thread lock 114A and the needle 
drive mechanism 301. As the needle drive mechanism 301 
accelerates downward, the thread 101 is pulled off the spool 
103. This creates tension in the thread 101 as the spool 103 
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resists spinning, primarily from inertia (as well as inherent 
friction and friction by design in the spool/cartridge inter 
face). As the tension in the thread 101 increases, the spring 
300 further deflects in a downward motion. 
0130. In this embodiment, the spring 300 is designed as a 
cantilever beam with a stiffness that is optimized to operate 
within the range of needle drive acceleration and amount of 
thread on spool (the diameter of thread on the spool affects 
spool inertia, from engineering theory). However, the force 
deflection device 300 could take the form of a coiled spring 
which deforms by compressing when the needle drive mecha 
nism 301 accelerates downward. In other words, the exact 
form of the force deflection device 300 is not important, so 
long as it is designed to deform to absorb some of the initial 
force applied by the needle drive mechanism 301 to the thread 
101. 

0131 The forcedeflection device 300 should be optimized 
to operate within the range of needle drive acceleration, 
amount of thread on the spool, and friction in the spool/ 
cartridge interface. It has been determined that the initial 
force applied by the needled drive mechanism 301 to the 
thread 101 is in the range of 10 to 100 g-force, with around 50 
g-force being a commonly applied initial force. Thus, the 
force deflection device 300 best serves its purpose when 
designed to deform under Such an applied force range. As 
such, the material used to make the force deflection device 
300 can be a metal, a rubber, a plastic, or any other material 
with an elastic property such that it will deform when 10 to 
100 g-force is applied, and then return to its initial shape when 
the needled drive mechanism 301 no longer applies a feeding 
force to the thread 101. To address the commonly applied 
initial force of 50 g-force, the material used to make the force 
deflection device 300 might be chosen such that the deflection 
device 300 only deforms when at least 50 g-force is applied 
thereto. 

0132. Furthermore, while the usefulness of the force 
deflection device 300 has been explained in the context of 
feeding thread for a sewing or embroidery machine, the force 
deflection device 300 has applicability beyond this context. 
More specifically, the force deflection device 300 can be 
applied to any device or process which serves to feed, pull, 
draw, or otherwise remove a material from a spool. For 
example, the force deflection device 300 could be applied to 
a situation where rope or chain material is to be fed from a 
spool. All that would be required is to adjust the force range in 
which the force deflection device 300 deforms to absorb the 
initial feed force. 
0133) A workpiece embroidered by the single-thread sew 
ing device described above will further require a separate 
means for permanent retention of the Stitches in the work 
piece. This may be accomplished by separate application of 
an adhesive to secure the thread loops to each other or to the 
underside of the workpiece. 
0134 Employment of the described mechanism can be 
further extended, in principle, to sewing by the lockstitch 
method, with addition of a second thread and accompanying 
Stitch interlocking mechanism (i.e., rotary hook) on the 
underside of the workpiece (not shown). 
0135. As shown in FIGS. 6A-6D, disclosed is a detection 
device and method therefor, comprising a sensor positioned 
to detect the physical movement of a needle drive mechanism 
301 in a sewing apparatus. As shown in the embodiment, the 
needle drive mechanism 301 includes moving mechanisms of 
the thread feed mechanism 100 as described above (see FIGS. 
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5A-5C), such as the thread feedbody 110 and the presser foot 
118. While the embodiments described herein show exem 
plary removable cartridges 100 configured to allow each 
needle drive mechanism 301 to move while the correspond 
ing fixed cartridge 100 is stationary, it will be understood that 
the detection mechanism 60 can be used with sewing appa 
ratuses 1 in which where the entire cartridge 100 moves with 
the needle drive mechanism 301, as shown in U.S. Pat. Nos. 
6,729.253 and 6,729,254 (the entirety of each of which is 
incorporated by reference herein). 
0.136. In one embodiment lever 63, is added underneath 
the embroidery deck 61. The lever 63 is able to pivot. When 
the needle drive mechanism 301 moves downward during the 
downward stroke and contacts the lever 63, the resulting 
downward movement of the lever 63 actuates a sensor 65 such 
as a mechanical Switch or photo interrupter. From this actua 
tion, the position of the needle 102 is known. Depending on 
the configuration of the lever 63 and sensor 65, the needle 
position can be detected with high precision. 
0.137 Adrive mechanism 24 can be, for example, a steady 
drive motor such as a DC drive motor 24. However, in an 
embroidery machine 1 using a variable or intermittent drive 
mechanism 24 (Such as a stepper motor 24 for driving the 
needle drive mechanism 301), the stepper motor 24 can lose 
position if subjected to too high of a load. If this occurs, the 
position of the needle 102 may no longer be known if oper 
ating in open loop control. This can result in significant deg 
radation of Stitch quality. 
0.138 A lever is mounted underneath the embroidery deck 
61 in the configuration of a cantilever beam as shown in the 
embodiment of FIGS. 6 A-D, thereby creating a closed loop 
system. The lever is attached to the deck 61 using a hinge 64 
Such as a piece of plastic, metal, or any other deformable 
material that meets the functional requirements of the detec 
tion mechanism 60. It will be noted that embodiments of the 
device 60 include embodiments where elements such as the 
lever 63, hinge 64 and needle plate 62 are each separately 
incorporated into the deck. Also, one or more of these ele 
ments can be unitarily formed as parts of the deck 61, as for 
example, by a one-piece injection molded deck 61 including 
the lever 63, hinge 64 and needle plate 62. 
0.139. The up position is shown in FIG. 6A. As the needle 
drive mechanism 301 moves downward, the presser foot 118 
contacts the workpiece 18, which in turn contacts the needle 
plate 62, resulting in the downward pivot of the lever 63. The 
needle plate 62 positioned on the lever 63, such that the 
downward motion of the presser foot 118 on a workpiece 18 
causes the workpiece 18 to contact the needle plate 62 so that 
the lever 63 contacts the sensor 65, shown as a mechanical 
switch. In the down-most position of the lever 63 (shown in 
FIG. 6B), the sensor 65 is actuated and the lever 63 contacts 
the stop 66, which stops or substantially stops the downward 
motion of the lever 66. With the stop 66, the lever 66 is unable 
to over-travel, thus preventing wear and possible damage to 
the switch 65. It will be noted that while the embodiment 
shows the needle plate 62 is attached to the lever 63, the 
device could be configured in any number of ways to affect a 
lever 63 and/or needle plate 62 to actuate a sensor 65. 
0140. In another embodiment, instead of the lever 66 con 
tacting a mechanical Switch 65, a flag could be attached to the 
lever 63 such that the lever 66 actuates a photo interrupter (not 
shown). The sensor 65 can comprise an emitter Such as a light 
Source and a detector Such as photodiode. A flag can be 
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positioned on the lever 63 such that it interrupts a signal 
between the emitter and the detector, for example, a light 
signal to the photodiode. 
0141. In each of the embodiments, the distances from the 
pivot orhinge 64 to the switch 65, needle plate 62, and stop 66 
can be optimized for range of motion and force. 
0142. As explained above, depending on the configuration 
of the lever 63 and sensor 65, the needle position can be 
detected with high precision. At least one of the pivot point 64 
for the lever 63, the sensor 65, and the stop 66 can be posi 
tioned to optimize at least one of a range of motion of deflec 
tion as well as a force. The device 60 can further be configured 
such that at least one of the pivot point 64, the sensor 65, and 
the stop 66 is positioned to optimize at least one of the desired 
qualities of the sewing apparatus. Such desired qualities may 
include reduced wear on the device 60 from repeated opera 
tion, as well as stitch delivery from the needle mechanism to 
the workpiece 18. For example, the force on the needle plate 
62 required to actuate the switch 65 can be adjusted by shift 
ing the position of the needle plate 62 relative to the pivot 64. 
The factors for the optimizing the configuration are expressed 
as follows in conjunction with FIG. 6E: 

Force: 

014.3 FM ((Ds/Dy)*Fs)+force contribution from 
hinge stiffness (assuming contribution from mass of lever and 
needle plate are negligible) 

Deflection: 

I0144) 0–tan' (ds/Ds) 
dye-tan(0)*Dy 
ds, tan(0)*Ds 
where: 

(0145 F. needle plate force 
0146) Fs, switch force 
0147 0–angular deflection of lever 
10148 Dhorizontal distance from pivot to needle 

plate 
I0149 Ds-horizontal distance from pivot to switch 
I0150 Ds, horizontal distance from pivot to stop 
I0151) dy, vertical deflection of needle plate 
I0152 ds, vertical deflection of lever at switch 
0153 ds, vertical deflection of lever at stop 

0154 As incorporated into the sewing apparatus 1 the 
sensor 65 included in the detecting mechanism 60 is config 
ured to detect the physical movement of the needle mecha 
nism. The sensor 65 sends a signal to the controller 70, such 
that the sensor 65 and the drive mechanism 24 form a closed 
feedback loop operable to allow the CPU 71A to track the 
position of the needle drive mechanism 301 of the thread feed 
mechanism 100 with respect to a workpiece 18 for the needle 
work during operation. 
0155 As shown in FIGS. 60-6D, the sewing apparatus 1 
comprises a plurality of the thread feed mechanisms 100. The 
detection mechanism 60 and the drive mechanism 33 for each 
thread feed mechanism 100 form a closed feedback loop, 
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which is operable to track the position of each of the thread 
feed mechanisms 100 (including the needle drive mechanism 
301) with respect to a workpiece 18 for the needlework during 
operation. The sewing apparatus 1 comprises a plurality of the 
sensors 65. Each of the plurality of sensors 65 are configured 
to detect the movement of the each of the thread feed mecha 
nisms 100, as well as determine the position of each needle 
102 with respect to the workpiece 18 during operation of the 
sewing apparatus. 
I0156 Although exemplary embodiments of the present 
invention and modifications thereof have been described in 
detail herein, it is to be understood that this invention is not 
limited to these precise embodiments and modifications, and 
that other modifications and variations may be effected by 
one skilled in the art without departing from the spirit and 
Scope of the invention as defined by the appended claims. 
What is claimed is: 
1. A material feeding device comprising: 
a spool configured so as to rotate around an axis; 
a material which is wrapped around the spool; 
a material feeding mechanism which is configured to feed 

the material in a feeding direction, thereby unraveling 
the material from the spool; and 

a force deflection device which is arranged between the 
spool and the material feeding mechanism, and is con 
nected to the material; 

wherein the force deflection device is configured to as to 
deform physically when the material feeding mecha 
nism applies an initial feeding force to the material. 

2. The material feeding device of claim 1: 
wherein the material is a thread. 
3. The material feeding device of claim 1: 
wherein the force deflection device includes a spring. 
4. The material feeding device of claim 1: 
wherein the force deflection device is configured to deform 

physically under an applied force in the range of 10 to 
100 g-force. 

5. A method offeeding a material from a spool, the method 
comprising: 

providing a spool which rotates around an axis; 
providing a material which is wrapped around the spool; 
applying an initial feeding force to the material so as to 

unravel the material from the spool; and 
physically deforming a force deflection device which is 

connected to the material and absorbs a portion of the 
initial feeding force before the initial feeding force is 
transferred to the thread on the spool. 

6. The method of claim 5: 
wherein the material is a thread. 
7. The method of claim 5: 
wherein the force deflection device includes a spring. 
8. The method of claim 5: 
wherein the force deflection device is configured to deform 

physically under an applied force in the range of 10 to 
100 g-force. 


