wo 2024/123777 A2 | N0 0000 KOO RO 0 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
13 June 2024 (13.06.2024)

(10) International Publication Number

WO 2024/123777 A2

WIPO I PCT

(51) International Patent Classification:
DO5B 19/02 (2006.01) DO5B 11/00 (2006.01)

(21) International Application Number:
PCT/US2023/082527

(22) International Filing Date:

05 December 2023 (05.12.2023)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
18/061,771 05 December 2022 (05.12.2022) US

(71) Applicant: APQS, INC. [US/US], 425 US West Hwy 30,
Suite 340, Carroll, lowa 51401 (US).

(72) Inventors: MOORE, Mike; c/o APQS, INC., 425 US West
Hwy 30, Suite 340, Carroll, lowa 51401 (US). MOORE,

(74)

@81)

Nathaniel, c/o APQS, INC., 425 US West Hwy 30, Suite
340, Carroll, Towa 51401 (US).

Agent: GILCHRIST, Michael C. et al.; McKee, Voorhees
& Sease, PL.C., 801 Grand Avenue, Suite 3200, Des
Moines, Iowa 50309-2721 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(54) Title: SMART MOTOR CONTROLLED QUILTING MACHINE

(57) Abstract: A longarm quilting machine having a frame with an upper arm and a lower arm. A needle bar drive mechanism configured
to be combined with a needle is combined with a portion of the upper arm and a bobbin hook assembly configured to be combined with
abobbin is combined with a portion of the lower arm. A needle motor is operatively combined with the needle bar drive mechanism and
configured to provide torque to the needle bar drive mechanism to cause the needle to move up and down. A bobbin motor is operatively
combined with the bobbin hook assembly and configured to provide torque to the bobbin hook assembly causing the bobbin to rotate
beneath the needle. A controller is in communication with the needle motor and the bobbin motor to determine whether the components
are synchronized and run a synchronization mode upon the occurrence of certain predetermined events.

[Continued on next page]



WO 2024/123777 A2 | [IN 00|00 000000 OO

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE, LR,LS, MW, MZ,NA,RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



10

15

20

25

WO 2024/123777 PCT/US2023/082527

1
SMART MOTOR CONTROLLED QUILTING MACHINE
CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority from U.S. Non-Provisional Application Number
18/061,771 filed January December 5, 2022, the entire contents of which are hereby
incorporated by reference.

BACKGROUND

Longarm quilting is the process by which a longarm quilting machine is used to sew
together a quilt top, quilt batting, and quilt backing into a finished quilt. The quilting stitch adds
depth and a secondary design to the quilt top. The longarm quilting machine was developed
because stitching together the three layers by hand is difficult and takes a long time. Sewing
machines are not well adapted for quilting because sewing machines have a small throat which
cannot effectively stitch a large, bulky quilt. Further, sewing machine heads are stationary
requiring the user to move the quilt under the stitching assembly, which is difficult with large
quilts.

A longarming system typically includes an industrial length quilting machine having a
quilting head, a frame, a table, and several rollers on which the fabric layers and batting are
attached. The quilt’s layers are attached to different parts of the table or frame. The quilting
machine is mounted to the frame to be movable in two dimensions relative to the stationary
quilt/frame.

Precision timing is required between the needle and bobbin to ensure the components
work together to make the stitch. A traditional quilting machine is shown in in FIG. 1 wherein a
single electric motor 50 mechanically drives the motion of the needle and the bobbin using a
series of drive shafts 53, 55, belts 52, and linkages 54, 56. The needle drive shaft 53 extends
through the upper arm 18 and is configured to be rotated by the motor 50 to drive the

components in the needle bar drive mechanism 19. The bobbin drive shaft 55 extends through
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the lower arm 21 and is configured to be rotated by the motor 50 to drive the components in the
bobbin hook assembly 26.

Several disadvantages result from mechanically linking the motor 50 to the needle and
bobbin. One disadvantage is that the drive shafts 53, 55, belts 52, and linkages 54, 56 tend to
vibrate and their movement can cause significant noise levels during operation. Further, the
mass of the mechanical components requires significant acceleration/deceleration times. Still
further, one of the most significant disadvantages of mechanically linking the components of a
quilting machine relates to the needle and bobbin becoming unsynchronized. The relatively
large number of mechanically linked components provides increased opportunity for the
assembly to become unsynchronized. Once unsynchronized, manually adjusting the
timing/synchronization of the components can be very difficult using conventional tools. Often
a quilter will require the help of a professional or the manufacturer to re-synchronize the timing
of the components.

There is therefore a need for an improved quilting machine that overcomes these another
other disadvantages with the existing technology.

SUMMARY

One aspect of the invention relates to a longarm quilting machine having a frame with an
upper arm and a lower arm, each of the upper arm and the lower arm having a cavity therein and
a distal portion. A needle bar drive mechanism configured to be combined with a needle is
combined with a portion of the upper arm and a bobbin hook assembly configured to be
combined with a bobbin is combined with a portion of the lower arm. A needle motor is
operatively combined with the needle bar drive mechanism and configured to provide torque to
the needle bar drive mechanism to cause the needle to move up and down. A bobbin motor is
operatively combined with the bobbin hook assembly and configured to provide torque to the
bobbin hook assembly to cause the bobbin to rotate beneath the needle. In one embodiment. the

needle motor is positioned near the distal portion of the upper arm and the bobbin motor is
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positioned near the distal portion of the lower arm. The needle motor and the bobbin motor are
smart motors and may be servo motors, stepper motors, or hybrid servo/stepper motors. In one
embodiment the motors are hybrid servo-stepper motors configured to receive a command pulse
stream instructing the movement of each motor. The motors may be open loop such that they do
not communicate with each other or they may be closed loop such that they do communicate
with each other. In one embodiment an electronic controller such as a circuit, processor, or
servo controller, 1s in communication with the needle motor and the bobbin motor. The
electronic controller uses position feedback information provided by the motors or by a position
sensor in communication with the electronic controller to monitor and control the rotational
position of each motor. In one embodiment, the position information is used to determine
whether the needle and the bobbin are aligned relative to each other (synchronized). If the
system determines the needle and bobbin are out of synchronization, then the electronic
controller instructs the motors to stop. As explained below, the machine may then proceed to a
synchronization mode to re-synchronize the needle and the bobbin.

Another aspect of the invention relates to a computer-implemented method of
synchronizing the needle motor and the bobbin motor using a synchronization mode logic path.
In some embodiments the controller is configured to use motor positional information to
synchronize the needle motor and the bobbin motor upon the occurrence of one or more
predetermined events. Such events may include turning the power ON, pausing quilting
operation for a predetermined amount of time, or determining that the needle motor and the
bobbin motor are not synchronized. The controller monitors the operation of the machine to
determine the occurrence of one of the predetermined events. Upon the occurrence of a
predetermined event, the controller determines the position of the needle motor to ensure the
needle is raised out of the bobbin hook assembly so it will not be damaged by movement of the
bobbin during the synchronization process. If the needle is safe, the controller sends a

command 1o rotate the bobbin motor to a predetermined home position and then sends a
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command to rotate the needle motor to a corresponding predetermined home position. With each
motor in its home position, the motors are synchronized and ready for operation. If the
controller determines the needle is not raised out of the bobbin hook assembly at the beginning
of the synchronization process, then the controller first sends a command to rotate the needle
motor to a predetermined home position and then the bobbin motor to move the bobbin to the
corresponding home position to ensure the needle and bobbin are synchronized.

Another aspect of the invention relates to a method of using the quilting machine
described above. The method includes turning the machine ON to power the controller and the
motors. Instructing the controller to align the needle and the bobbin relative to each other by
determining the position of the needle motor to ensure the needle is raised out of the bobbin
hook assembly. If the needle is safe, sending the controller a command to rotate the bobbin
motor to a predetermined home position and then sending a command to rotate the needle motor
to the corresponding home position to synchronize the needle and bobbin. If the controller
determines the needle is not raised out of the bobbin hook assembly at the beginning of the
synchronization process, then first sending the controller a command to rotate the needle motor
to a predetermined home position and then sending a command to the bobbin motor to move the
bobbin to a corresponding predetermined home position to ensure the needle and bobbin are
synchronized.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a section view of an existing long arm quilting machine showing the
mechanical connection of the components.

FIG. 2 is a side view of an embodiment of the quilting machine.

FIG. 3 is a perspective view of a longarming system.

FIG. 4 is a section view of an embodiment of the quilting machine.

FIG. 5 is a section view showing another embodiment of the quilting machine.

FIG. 6 is a logic flow chart showing an exemplary method of operation.
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DETAILED DESCRIPTION

The invention generally relates to a longarm quilting machine 10. FIG. 2 shows the
longarm quilting machine 10 having a frame 11 with an upper arm 18 and a lower arm 21. The
arms 18, 21 are connected by an intermediate portion 15. In the embodiment shown, the upper
arm 18 and the lower arm 21 have a cavity therein configured to receive components of the
machine 10 as described below in more detail. The upper arm 18 has a proximal portion 18A
near the intermediate portion 15 of the frame 11 and a distal portion 18B opposite the
intermediate portion 15 and near an end 18C. Similarly, the lower arm 21 has a proximal
portion 21 A near the intermediate portion 15 and a distal portion 21B opposite the intermediate
portion 15 and near an end 21C. A needle bar drive mechanism 19 having a needle carrier 25
configured to be combined with a needle 24. The needle bar drive mechanism 19 is combined
with the end 18C of the upper arm 18. A bobbin hook assembly 26 is configured to be
combined with a bobbin 17 and combined with the end 21C of the lower arm 21.

Each arm 18, 21 has a length extending from its connection with the intermediate portion
15 to its respective end 18C, 21C. Each arm 18, 21 also has a midpoint which is about halfway
between the intermediate portion 15 and the respective end 18C, 21C (about half of the length).
In one embodiment, the distal portion 18B, 21B of each arm 18, 21 is defined as the portion
extending from the midpoint of each arm 18, 21 toward its end 18C, 21C. In another
embodiment the distal portion 18B, 21B of each arm 18, 21 is defined as the portion beginning
at each respective end 18C, 21C and extending about one-third of the length toward the
intermediate portion 15.

FIG. 3 shows the longarm quilting machine 10 combined with a longarming system. The
longarming system includes a quilting machine 10, a frame 12, a table 14, and several rollers 16
on which the fabric layers and batting are attached. The quilting machine 10 is movably
attached to the frame 12 so the machine 10 moves in two dimensions along the length and width

of the frame 12.
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FIGS. 4 is a section view of an embodiment of the quilting machine 10. A needle motor
20A is operatively combined with the needle bar drive mechanism 19 and configured to provide
torque to the needle bar drive mechanism 19 to cause the needle 24 to move up and down. A
bobbin motor 20B is operatively combined with the bobbin hook assembly 26 and configured to
provide torque to the bobbin hook assembly 26 causing the bobbin 17 to rotate beneath the
needle 24. The motors 20A, 20B are smart motors which enable determination of positions,
speeds, and torque via a controller 22. The needle motor 20A and the bobbin motor 20B may be
servo motors, stepper motors, or hybrid servo/stepper motors. In one embodiment each motor
20A, 20B is a hybrid servo/stepper motor configured to receive a command pulse stream from
the controller 22 instructing the movement of each motor 20A, 20B, and the motors 20A. 20B
are open loop such that they do not communicate directly with each other or they may be closed
loop such that they do communicate with each other.

FIG. 5 shows a section view of an alternate embodiment of a quilting machine 10 similar
to the quilting machine 10 shown in FIG. 4. The embodiment shown in FIG. 5 includes several
additional features, such as mounting blocks 28 configured to secure the motors 20A, 20B to the
internal cavity of their respective arms 18, 21. The embodiment further includes intermal shaft
couplers 30 configured to attach the motors 20A, 20B to the drive shafts 32 connecting the
needle motor 20A to the needle bar drive mechanism 19 and the bobbin motor 20B to the bobbin
hook assembly 26.

In one embodiment, the needle motor 20A is positioned at the distal portion 18B of the
upper arm 18 and the bobbin motor 20B is positioned at the distal portion 21B of the lower arm
21. In the embodiment shown, the motors 20A, 20B are positioned inside the respective cavities
of the upper arm 18 and lower arm 21. Positioning the motors 20A, 20B near the ends 18C, 21C
of the arms 18. 21 leaves the proximal portions 18A, 21 A of the arms 18, 21 as well as the
intermediate portion 15 of the frame 11 free from motors, belts, linkages, gears, and other

mechanical drive components. Without internal mechanical drive components, the [rame 11 and
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7
proximal portions 18A, 21A of the arms 18, 21 may be contoured to a wide variety of
aesthetically pleasing shapes or configurations.

A controller 22, such as a circuit, processor, or servo controller, with control electronics
is in communication with the needle motor 20A and the bobbin motor 20B. FIG. 4 shows the
controller 22 positioned in the intermediate portion 15 of the frame 11, however, the controller
22 may be positioned in any other suitable location. For example, in the embodiment shown in
FIG. 5 the controller 22 is the drive control circuitry integrated in the motors 20A, 20B. In one
embodiment, one or more sensors 33 communicate rotational position information for each
motor 20A, 20B to the controller 22. The sensors 33 determine whether each motor 20A, 20B
(and their respective needle bar drive mechanism 24 and bobbin hook assembly 26) are in a
particular position. In this manner the sensors 33 communicate rotation position data to the
controller 22 and the controller 22 determines whether the components are synchronized.

In one embodiment the position of each motor 20A, 20B is determined every time the
motor 20A, 20B (or any components being moved by the motor 20A, 20B, such as the drive
shafts 32) passes a single predetermined rotational position, such as the UP position or the
DOWN position. In this manner, the rotational position for each motor 20A, 20B is determined
and compared once per stitch. In another embodiment rotational position information of each
motor 20A, 20B (or related components) is determined at multiple predetermined positions, such
as the UP position and the DOWN position, thereby allowing the system to determine
synchronization of the motors 20A, 20B every half stitch. In yet another embodiment, the
controller 22 is specially programmed to know the rotational position information of each motor
20A, 20B at all times such that a particular position of the needle motor 20A should always
correspond to a particular position of the bobbin motor 20B. Regardless of the means and
frequency of determining synchronization, if the controller 22 determines the motors 20A, 20B
or their related components are not synchronized, the motors 20A, 20B are instructed to stop

and/or the machine 10 turns OFF.
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In one embodiment the sensors 33 are optical sensors configured to read the position of
the motors 20A, 20B or one or more components being rotated by the motors 20A, 20B, such as
the drive shafts 32. The rotating components (e.g., drive shafts 32) may include a collar having
a band with one or more markers such as colored stripes or other visible indicators. The optical
sensors 33 determine the position of the markers for each motor 20A, 20B at intervals (such as
the UP and/or DOWN position as described previously) and sends a position signal to the
controller 22 to determine whether the components are synchronized. In another embodiment
the sensors 33 are magnetic sensors configured to read a magnetic collar combined with the
rotating components (e.g., drive shafts 32).

It should be noted that in some embodiments the motors 20A, 20B do not rotate at the
same speed. Instead, in some embodiments the bobbin motor 20B rotates twice as fast as the
needle motor 20A. In these embodiments the controller 22 is programmed to correlate a single
position of the bobbin motor 20B with multiple corresponding positions of the needle motor
20A to achieve synchronization. Further, it should be understood the positions of the motors
20A, 20B and related components discussed herein with respect to synchronization correspond
to positions of the needle 24 and bobbin 17 as those components move relative to each other.
The controller 22 uses position feedback to control the motion, speed, and position of each
motor 20A, 20B.

FIG. 6 is alogic flow chart showing an exemplary method of using the quilting machine
10 and the associated synchronization mode logic path followed by the controller 22 upon the
occurrence of a predetermined event. The controller 22 monitors the operation of the machine
10 to determine when the machine 10 encounters a predetermined event, such as turning the
power ON, pausing quilting operation for a predetermined amount of time, or determining the
needle motor 20A and the bobbin motor 22B are not synchronized. In box 34 the machine is
tumed ON by a user and in box 35 the controller 22 receives power and proceeds to

synchronization mode upon recognizing a predetermined event has occurred. In box 36 the
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controller 22 determines the position of the needle motor 20A to ensure the needle 24 is out of
the bobbin hook assembly 27. Retracting the needle 24 from the bobbin hook assembly 27 helps
prevent the needle 24 from being bent or broken when the bobbin 17 is being rotated to its home
position. If the needle 24 is not out of the bobbin hook assembly 27, then the needle motor 20A
is actuated until the needle 24 is moved out of the bobbin hook assembly 27. This is usually
near the UP position, however, it may be any other position where the needle 17 is out of the
bobbin hook assembly 27. Once the needle 17 is retracted from the bobbin hook assembly 27,
the controller 22 sends a command to rotate the bobbin motor 20B to a predetermined home
position (box 37), and then sends a command to rotate the needle motor 20A to a corresponding
home position (box 38) wherein the needle 24 and bobbin 17 are synchronized. If the controller
22 determines the needle 24 is not out of the fabric in step 36, then the controller 22 first sends a
command to rotate the needle motor 20A to a predetermined home position (box 39) and then
the bobbin motor 20B to move the bobbin to a corresponding home position (box 40) wherein
the needle 24 and bobbin 17 are synchronized. After synchronization mode is complete, the user
begins normal sewing operation in box 41. While the machine 10 is tumed ON and after the
controller 22 has run the synchronization mode, the user cannot turn the shafts 32 of either
motor 20A, 20B to help the motors 20A, 20B stay synchronized. When the user wants to turn
the quilting machine 10 OFF, the user presses the power button in box 42. The controller 22
determines whether the needle motor 20A has the needle 24 in the up position (out of the fabric)
(box 43). If so, the power supply is shut down (box 44). If not, the controller 22 sends a signal
to the needle motor 20A to move the needle 24 to the up position (box 45) before shutting down
power (box 44) to the quilting machine 10.

When the machine 10 is turned OFF, the controller 22 sends a frequency pulse to rotate
the motors 20A, 20B to a predetermined position before turning the motors OFF. In the
embodiment described above with respect to FIG. 6, the motors 20A, 20B are rotated to move

the needle bar drive mechanism 19 to the UP position to ensure the needle 24 is not in the fabric
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so the user can remove the fabric from the quilting machine 10. In another embodiment, upon
turning the machine 10 OFF, the motors 20A, 20B are rotated to move the needle bar drive
mechanism 19 to the DOWN position to ensure the needle 24 remains in the fabric so the user
can continue stitching from that exact point when the machine 10 is powered back ON.

Having thus described the invention in connection with the preferred embodiments
thereof, it will be evident to those skilled 1n the art that various revisions can be made to the
preferred embodiments described herein without departing from the spirit and scope of the
invention. It is my intention, however, that all such revisions and modifications that are evident

to those skilled in the art will be included with in the scope of the following claims.
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CLAIMS
What is claimed is as follows:
1. A longarm quilting machine comprising:

a frame having an upper arm, a lower arm, and an intermediate portion connecting the upper
5 arm to the lower arm, wherein the upper arm and the lower arm each have a proximal
portion near the intermediate portion and a distal portion opposite the intermediate
portion;

a needle bar drive mechanism configured to be combined with a needle and combined with a
portion of the upper arm;

10 a bobbin hook assembly configured to be combined with a bobbin and combined with a
portion of the lower arm;

a needle motor combined with the distal portion of the upper arm and operatively combined
with the needle bar drive mechanism, said needle motor configured to provide torque
to the needle bar drive mechanism causing movement of the needle;

15 a bobbin motor combined with the distal portion of the lower arm and operatively combined
with the bobbin hook assembly, said needle motor configured to provide torque to the
bobbin hook assembly causing movement of the bobbin;

wherein the needle motor and the bobbin motor each have a rotational position; and

a controller configured to determine whether the needle motor and the bobbin motor are

20 synchronized;

wherein the needle motor and the bobbin motor are each one of a servo motor, a stepper
motor, and a servo/stepper hybrid motor.

2. The longarm quilting machine of claim 1 wherein the controller is in communication
with the needle motor and the bobbin motor and configured to receive position

25 information about the rotational position of the needle motor and the rotational
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position of the bobbin motor, the controller configured to use position information to
control the motion, speed, and position of the needle motor and the bobbin motor.
The longarm quilting machine of claim 1 wherein the controller is one of a circuit, a
processor, and a servo controller.

The longarm quilting machine of claim 1 further comprising a needle motor sensor
configured to communicate position information about the rotational position of the
needle motor to the controller and a bobbin motor sensor configured to communicate
position information about the rotational position of the bobbin motor to the
controller.

The longarm quilting machine of claim 4 wherein the needle motor sensor is an
optical sensor and the bobbin motor sensor is an optical sensor.

The longarm quilting machine of claim 4 wherein the needle motor sensor is a
magnetic sensor and the bobbin motor sensor is a magnetic sensor.

The longarm quilting machine of claim 5 further comprising a first drive shaft
configured to provide torque from the needle motor to the needle bar drive
mechanism and a second drive shaft configured to provide torque from the bobbin
motor to the bobbin hook assembly, wherein the first drive shaft has a first visible
marker and the second drive shaft has a second visible marker, and wherein the needle
motor sensor is configured to read a position of the first visible marker and
communicate position information to the controller and the bobbin motor sensor is
configured to read a position of the second visible marker and communicate position
information to the controller.

The longarm quilting machine of claim 1 wherein the upper arm and the lower arm

each have a length, a midpoint, and an end; and

PCT/US2023/082527
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wherein the distal portion of the upper arm is between the upper arm midpoint and the upper
arm end and the distal portion of the lower arm is between the lower arm midpoint
and the lower arm end.

9. The longarm quilting machine of claim 1 wherein the upper arm and the lower arm
each have a length, a midpoint, and an end; and

wherein the distal portion of the upper arm is the portion beginning at the upper arm end and
extending about one-third of the length toward the intermediate portion and the distal
portion of the lower arm is the portion beginning at the lower arm end and extending
about one-third of the length toward the intermediate portion.

10. The longarm quilting machine of claim 1 wherein the controller is configured to
operate a synchronization mode upon the occurrence of a predetermined event,
wherein the synchronization mode includes moving the bobbin motor to a
predetermined home position and moving the needle motor to a predetermined home
position.

11. The longarm quilting machine of claim 10 wherein a predetermined event is one of
turning the power ON, pausing quilting operation for a predetermined amount of time,
and determining the needle motor and the bobbin motor are not synchronized.

12. A longarm quilting machine comprising;

a frame having an upper arm, a lower arm, and an intermediate portion connecting the upper
arm to the lower arm;

aneedle bar drive mechanism configured to be combined with a needle carrier and combined
with a portion of the upper arm;

a bobbin hook assembly configured to be combined with a bobbin and combined with a

portion of the lower arm;
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a needle hybrid servo/stepper motor having integrated drive circuitry, said needle hybrid
servo/stepper motor combined with the upper arm and operatively combined with the
needle bar drive mechanism, said needle hybrid servo/stepper motor configured to
provide torque to the needle bar drive mechanism to cause movement of the needle

5 carrier;

a bobbin hybrid servo/stepper motor having integrated drive circuitry, said bobbin hybrid
servo/stepper motor combined with the lower arm and operatively combined with the
bobbin hook assembly, said needle hybrid servo/stepper motor configured to provide
torque to the bobbin hook assembly causing movement of the bobbin;

10 wherein the needle hybrid servo/stepper motor and the bobbin hybrid servo/stepper motor each
have a rotational position;

a controller configured to determine whether the rotational position of the needle hybrid
servo/stepper motor is synchronized with the rotation position of the bobbin hybrid
servo/stepper motor; and

15 aneedle hybrid servo/stepper motor sensor configured to communicate the rotational position
of the needle hybrid servo/stepper motor to the controller a bobbin hybrid
servo/stepper motor sensor configured to communicate the rotational position of the

bobbin hybrid servo/stepper motor to the controller.

13. The longarm quilting machine of claim 12 wherein the needle hybrid motor sensor is
20 an optical sensor and the bobbin motor sensor is an optical sensor.
14. The longarm quilting machine of claim 12 further comprising a first drive shaft

configured to provide torque from needle hybrid servo/stepper motor to the needle bar
drive mechanism and a second drive shaft configured to provide torque from the
bobbin hybrid servo/stepper motor to the bobbin hook assembly, wherein the first

25 drive shaft has a first visible marker and the second drive shaft has a second visible
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marker, and wherein the needle motor sensor is configured communicate position
information to the controller and the bobbin motor sensor is configured to
communicate position information to the controller.

15. The longarm quilting machine of claim 12 wherein the controller is configured to
operate a synchronization mode upon the occurrence of a predetermined event,
wherein the synchronization mode includes moving the bobbin motor to a
predetermined home position and moving the needle motor to a predetermined home
position.

16. The longarm quilting machine of claim 12 wherein the controller is part of the needle
hybrid servo/stepper motor integrated drive circuitry and the bobbin hybrid
servo/stepper motor integrated drive circuitry.

17. A method of operating a quilting machine, the quilting machine comprising a needle
motor operatively combined with a needle bar drive mechanism having a needle
carrier, a bobbin motor operatively combined with a bobbin hook assembly. and a
controller in communication with the needle motor and the bobbin motor, wherein the
controller is configured to execute the method, the method comprising:

receiving rotational position information about the needle motor from a first sensor;

receiving rotational position information about the bobbin motor from a second sensor;

monitoring for the occurrence of a predetermined event; and

synchronizing the needle motor and the bobbin motor upon the occurrence of a predetermined
event by:
moving the bobbin motor to a bobbin motor home position: and
moving the needle motor to a needle motor home position predetermined to be

synchronized with the bobbin motor home position.
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The method of claim 17 further comprising determining the position of the needle
motor before synchronizing the needle motor and the bobbin motor, and moving the
needle motor to retract the needle carrier upward away from the bobbin hook
assembly before moving the bobbin motor to a bobbin motor home position.

The method of claim 17 further comprising determining the position of the needle
motor upon receiving an instruction to tum the quilting machine OFF, and moving the
needle motor to retract the needle carrier upward away from the bobbin hook
assembly before turning the quilting machine OFF.

The method of claim 17 further comprising determining the position of the needle
motor upon receiving an instruction to turn the quilting machine OFF, and moving the
needle motor to extend the needle carrier downward toward the bobbin hook assembly

before turning the quilting machine OFF.
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