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Yo, SILVANA MARIA LOPEZ DIAZ, identificada como aparece al pie de mi firma,
domiciliada en la Carrera 11 No. 86-53, piso 6, obrando como apoderada de la sociedad
JOY MM DELAWARE, INC,, en respuesta al oficio N0.3496 notificado por fijacion en lista
el dia 25 de marzo de 2014, solicitante de la patente de la referencia, atentamente me

permito presentar:

1. Documento de poder de la sociedad JOY MM DELAWARE, INC,,
2. Copia certificada de la Prioridad No. 13/830.798

Espero con esto haber dado cabal cumplimiento a lo solicitado por ese despacho y de
conformidad con lo indicado en los articulos 3°, inciso 3, 35 inciso 2 y 59 inciso 2
del CCA, al analizar este memorial, atentamente ruego se traten todas las cuestiones

planteadas con motivo del mismo.

Senior Superintendente Delegado,

i \
: LVANA IA LOPEZ DIAZ

C.C. 22.468.787 de Barranquilla
T.P. 147463 del CSJ
notificaciones@clarkemodet.com.co
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PODER

Yo (nosotros), abajo firmante(s)

en mi (nuestro) caracter de representante(s) legales de
JOY MM DELAWARE, INC

una sociedad organizada y existente de acuerdo con las leyes de

y en actual cumplimiento de su objeto social, con domicilio en 2751
Centerville Road, Suite 342 Wilmington, Delaware 19808, Estados
Unidos de América.

por el presente instrumento confiero (conferimos) poder especial a favor
de SILVANA MARIA LOPEZ DIiAZ, con Cédula de Ciudadania No.
22.468.787 de Barranquilla, y tp. 147463 y/o CAROLINA
MERCEDES DAZA MONTALVO, con Cédula de Ciudadania No.
66.783.790 de Palmira Valle, y tp. 141563 con domicilio en Bogots,
Colombia, para que actuando en su orden en nombre del (de la) otorgan-
te le (la) representen ante cualquier entidad, autoridad y/o persona,
especialmente ante las del orden Administrativo, Contencioso Adminis-
trativo, Judicial, Tribunales de Arbitramento y/o cualquier otro en lo
referente a los siguientes asuntos:

1) Solicitar, tramitar, obtener y/o registrar cualquiera de las modalidades
de Propiedad Industrial, tales como: patentes de invencién, modelos de
utilidad; disefios industriales, variedades vegetales, marcas, lemas,
nombres y ensefias comerciales y denominaciones de origen; asi como
sus renovaciones, prémogas, transferencias, cambios de nombre y/o
domicilio, contratos y licencias.

2) Solicitar, tramitar, obtener y/o registrar derechos de autor, en cualquie-
ra de sus presentaciones asi como la proteccion de secretos industriales y
know-how.

3) Solicitar, tramitar, obtener y/o registrar registros sanitarios, permisos
y/o licencias de funcionamiento; asi como sus renovaciones o prérrogas,
transferencias, cambios de nombre y/o domicilio, contratos y licencias.

4) Ejercer acciones de oposicion, observacion, reclamos, reconsideracion,
reposicién, apelacién, cancelaciéon administrativa o judicial, nulidad,
proteccion al consumidor, concesion de licencias, proteccion de secretos
industriales y demés acciones y recursos relacionados con derechos
derivados de los asuntos arriba indicados y en contra de la competencia
desleal, acciones derivadas de la obtencién o explotacién de licencias,
acciones de indemnizacion de perjuicios. También podra(n) intervenir en
Jjuicios civiles, comerciales, penales, contencioso-administrativos, tutelas
y de policia; en acciones o juicios promovidos por el (la) mandante o en
contra el (ella) .

5) Registrar nombres de dominio ante la entidad competente.

6) En el ejercicio de este mandato los mandatarios arriba mencionados
quedan facultados para: conciliar, cancelar, transigir, comprometer en
arbitros, desistir, recibir y tomar posesion de la cosa objeto de litigio y
renunciar o desistir a derechos concedidos o en curso de concesion,
admitir los hechos del proceso.

7) Ratificar o no la agencia oficiosa.

8) Asi mismo faculto (facultamos) a los mencionados apoderados para
recibir notificaciones y designar apoderados judiciales o extrajudiciales,
sustituir el presente poder y revocar las sustituciones que hicieren.

Dado y firmado en

alos dias de

POWER OF ATTORNEY
I(we), the undersigned

legal representative(s) of
JOY MM DELAWARE, INC

an organization existing under the laws of

and in present execution of its business activity, domiciled at 2751 Center-
ville Road, Suite 342 Wilmington, DE 19808, United States of America.

do hereby grant POWER OF ATTORNEY to SILVANA MARIA LOPEZ
DIAZ, identification card No. 22.468.7870f Barranquilla, and tp. 147463
and/or CAROLINA MERCEDES DAZA MONTALVO, identification card
No. 66.783.790 of Palmira Valle, and tp. 141563 residing in Bogota
Colombia, to act in the order of their appointment in behalf of grantor before
any entity, authority and/or natural or juridical person, specially before those
Administrative, Administrative-Contentious, Judicial, arbitration courts,
and/or any other, in all matters concerning the following:

1) To apply, process, obtain and/or register any of the modalities of Industrial
Property, such as: Patents of Invention, Utility Models; Designs, plant
varieties; Marks, Slogans, Trade Names and emblems and appellations of
Origin, as well as their renewals, assignments, changes of name and/or
domicile, agreements and licenses.

2) To apply, process, obtain and/or register copyrights of any kind as well as
protection of industrial secrets or know-how.

3) To apply, process, obtain and/or register sanitary registrations, operating
authorizations and/or licenses; as well as their renewals or assignments,
changes of name and/or domicile, agreements and licenses.

4) To bring actions of opposition, observations, claims, reconsideration,
appeal or legal remedies, cancellations, nullity, protection to the consumer,
granting of licenses, protection of trade secrets and other actions related with
rights derived from the above- mentioned matters and against the unfair
competition, actions resulting from the obtaining or exploitation of licenses,
recovering damages actions. They can also intervene or participate in Civil,
Commercial, Criminal or Contentious-Administrative Trials; the actions for
writ mandamus, police actions; in actions, lawsuits or litigations instituted by
the grantor or against him.

5) To register domain names before the competent entity.

6) To the effect of this mandate the above-named proxy are empowered to:
conciliate, cancel, settle, submit to arbitration, withdraw and to receive and
take possession of the litigation related objet and waive or renounce the rights
granted or in process of granting, admit the facts of the case.

7) To ratify or not the officious agency.

8) 1 (we) hereby appoint the afore mentioned attorneys with powers to receive
notifications and to designate judicial and extrajudicial attorneys, substitute
this Power of Attorney and to revoke such sustitutions.

Granted and signed at Wilmington, Delawarej USA~
on this

4#7, day of 4!911/L_ of Zﬂ/é(- ,

Firma / signatura

(STOPAER C. UptVES
= (7'(%8 7’:-:9/{22-'C000 ’

% Ay



ESTADOS UNIDOS DE AMERICA
A TODOS AQUELLOS A QUIENES EL PRESENTE LLEGUE:

DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS
Oficina de Patentes y Marcas de los Estados Unidos

24 de abril de 2014

La presente es para certificar que el anexo es una copia fiel de los registros de
la Oficina de Patentes y Marcas de los Estados Unidos, de los documentos
de la solicitud de patente identificada mas adelante, que cumplieron con los

requerimientos para concederse una fecha de presentacion de acuerdo con 35
USC 111.

Numero de Solicitud: 13/830,798
Fecha de Presentacion: 14 de marzo de 2013

EL CODIGO DEL PAIS Y FL NUMERO DE SU SOLICITUD DE
PRIORIDAD, PARA SER USADA EN LA PRESENTACION
EXTRANJERA BAJO EL CONVENIO DE PARIS ES US 13/830,798

Por la autoridad de
Bajo el Secretario de Comercio para la Propiedad Intelectual y el Director de
la Oficina de Patentes y Marcas de los Estados Unidos de América

(fdo) W. MONTGOMERY

Oficial Certificador

Sello oficial de la Oficina de Patentes y Marcas de
los

Estados Unidos de América
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

April 24,2014

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111.

A

APPLICATION NUMBER: 13/830,798
FILING DATE: March 14, 2013

THE COUNTRY CODE AND NUMBER OF YOUR PRIORITY
APPLICATION, TO BE USED FOR FILING ABROAD UNDER THE PARIS
CONVENTION, IS US13/830,798

By Authority of the

Under Secretary of Commerce for Intellectual Property
and Director of the United States Patent and Trademark Office

. MONTGOMERY
Certifying Officer
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Attorney Docket No. 051077-9166-US00

VARIABLE SPEED MOTOR DRIVE FOR INDUSTRIAL MACHINE
BACKGROUND

[0001] The present invention relates to a motor drive for an industrial machine.

SUMMARY

[0002]  Industrial machines (e.g., industrial mining machines) such as roll crushers or roll
crushing devices are used to modify the size of a material (¢.g., mined material) in mining and
material handling industries. A roll crusher is a device that includes a shaft mounted with
bearings to a frame and including one or more tools that physical engage a material (e.g., rocks,
coal, etc.) in order to reduce the size of the material to a desired and/or predetermined particle
size. Such a device can be implemented in a variety of different types of roll crushers, such as
feeder-breakers, double roll crushers, single roll crushers, etc. Material is fed into the various
types of roll crushers using, for example, a chain and flight type conveyor (as in a feeder-
breaker), or using gravity (as in double roll crushers and single roll crushers) where a crushing
action occurs between roll crushing shafts (e.g., double roll crushers) or between a roll crusher

shaft and a frame (e.g., single roll crusher).

[0003] The roll crushers are driven by, for example, one or more electric motors driving a
motor shaft and connected to a gear reduction to produce a fixed rotational speed for the roll
crusher shaft. The force produced by the roll crusher shaft for material sizing is a function of the
rotational speed of the roll crusher shaft and the rotational mass of the motor drive shaft and the
roll crusher shaft. This force is concentrated at the roll crushers tools (e.g., breakers) such that

the force is applied to the material in order to reduce the material to the desired particle size.

[0004] Embodiments of the invention described herein relate to an industrial machine and a
motor drive or controller for the industrial machine. The controller is configured to change the
rotational speed of a roll crusher shaft by controlling the speed of a motor (e.g., within a range of
approximately +/-15% of motor synchronous speed). By manipulating the rotational speed of the
roll crusher shaft, the roll crusher experiences lower tool wear (e.g., breaker wear), longer tool
life, less downtime, lower power consumption, more consistent material sizing, and an ability to

alter material product size dynamically within a range of values. These benefits can be realized

Copy provided by USPTO from the IFW Imaage Database on 04/21/2014



Attorney Docket No. 051077-9166-US00

without having to redesign the roll crusher or the crushing tools (e.g., breakers). The controller
receives and uses signals received from sensors and various control methods to adjust or modify

the speed to the electric motor to correspondingly control the speed of the roll crusher shaft.

[0005] In one embodiment, the invention provides an industrial machine that includes a
breaker motor having a rotational speed, a breaker shaft, a conveyor, a sensor, and a controller.
The breaker shaft is mechanically coupled to an output of the breaker motor, and the breaker
shaft includes a plurality of tools operable to crush a material. The conveyor is configured to
transport the material through the industrial machine. The sensor is configured to generate a
signal related to a parameter of the breaker motor. The controller is configured to receive the
signal from the sensor, determine a value for the parameter of the breaker motor based on the
received signal, compare the value for the parameter of the breaker motor to a threshold value,
and generate a control signal for modifying the rotational speed of the breaker motor based on

the comparison of the value for the parameter of the breaker motor to the threshold value.

[0006] In another embodiment, the invention provides a method of controlling an industrial
machine. The method includes receiving a signal from a sensor related to a parameter of a
breaker motor. The breaker motor has a rotational speed, and the breaker motor is mechanically
coupled to a breaker shaft that includes a plurality of tools operable to crush a material. The
method also includes determining a value for the parameter of the breaker motor based on the
received signal, comparing the value for the parameter of the breaker motor to a threshold value,
and generating a control signal for modifying the rotational speed of the breaker motor based on

the comparison of the value for the parameter of the breaker motor to the threshold value.

[0007] In another embodiment, the invention provides an industrial machine that includes a
breaker motor having a rotational speed, a breaker shaft, a sensor, and a controller. The breaker
shaft is mechanically coupled to an output of the breaker motor, and the breaker shaft includes a
plurality of tools operable to crush a material. The sensor is configured to generate a signal
related to a parameter of the breaker motor. The controller is configured to receive the signal
from the sensor, determine a value for the parameter of the breaker motor based on the received

signal, compare the value for the parameter of the breaker motor to a threshold value, and
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generate a control signal for modifying the rotational speed of the breaker motor based on the

comparison of the value for the parameter of the breaker motor to the threshold value.

[0008] Other aspects of the invention will become apparent by consideration of the detailed

description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009]  Fig. 1 is a top-view of an industrial machine according to an embodiment of the

invention.
[0010] Fig. 2 is a side-view of the industrial machine of Fig. 1.

[0011] Fig. 3 is a top-view of an industrial machine according to another embodiment of the

invention.
[0012] Fig. 4 is a side-view of the industrial machine of Fig. 3.

[0013]  Fig. 5 is a top-view of a conveyor assembly according to an embodiment of the

invention.

[0014] Fig. 6 is a top-view of a breaker shaft assembly according to an embodiment of the

invention.
[0015] Fig. 7 illustrates a crushing device according to an embodiment of the invention.

[0016]  Fig. 8 is an exploded-perspective-view of a breaker shaft according to an embodiment

of the invention.
[0017] Figs. 9-11 illustrate a material sizer according to an embodiment of the invention.

[0018] Figs. 12-14 illustrate a material sizer according to another embodiment of the

invention.

[0019] Fig. 15 is a controller for an industrial machine according to an embodiment of the

invention.
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[0020] Fig. 16 is a process for controlling an industrial machine according to an embodiment

of the invention.

[0021] Fig. 17 is a process for controlling an industrial machine according to another

embodiment of the invention.

DETAILED DESCRIPTION

[0022]  Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the following
drawings. The invention is capable of other embodiments and of being practiced or of being
carried out in various ways. Also, it is to be understood that the phraseology and terminology
used herein is for the purpose of description and should not be regarded as limited. The use of

2% ¢¢

“including,” “comprising” or “having” and variations thereof herein is meant to encompass the
items listed thereafter and equivalents thereof as well as additional items. The terms “mounted,”
“connected” and “coupled” are used broadly and encompass both direct and indirect mounting,
connecting and coupling. Further, “connected” and “coupled” are not restricted to physical or
mechanical connections or couplings, and can include electrical connections or couplings,
whether direct or indirect. Also, electronic communications and notifications may be performed

using any known means including direct connections, wireless connections, etc.

[0023] It should be noted that a plurality of hardware and software based devices, as well as
a plurality of different structural components may be utilized to implement the invention.
Furthermore, and as described in subsequent paragraphs, the specific configurations illustrated in
the drawings are intended to exemplify embodiments of the invention and that other alternative
configurations are possible. The terms “processor” “central processing unit” and “CPU” are
interchangeable unless otherwise stated. Where the terms “processor” or “central processing
unit” or “CPU” are used as identifying a unit performing specific functions, it should be
understood that, unless otherwise stated, those functions can be carried out by a single processor,
or multiple processors arranged in any form, including parallel processors, serial processors,

tandem processors or cloud processing/cloud computing configurations.

\
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[0024] The invention described herein relates to an industrial machine, such as a feeder-
breaker or a sizer (e.g., a single roll crusher, a double roll crusher, etc.). The industrial machine
includes, for example, at least one breaker motor and at least one conveyor motor (i.e., in feeder-
breaker embodiments). A controller of the industrial machine is configured to monitor a variety
of sensor signals related to the operational characteristics or parameters of the motors in order to
determine an operational state of the industrial machine. The operational state of the industrial
machine can include, for example, a load level on a breaker shaft, a load level on a conveyor, a
speed of the motors, a power of the motors, a torque of the motors, a load of the motors, etc. The
controller, or one or more dedicated drives connected to the controller, is operable to detect the
condition associated with the industrial machine and modify the operational speed of the breaker
motor or conveyor motor in order to improve the operation of the industrial machine. For
example, the operational speed of the motors can be modified to improve throughput, reduce
wear, improve consistency of output material, etc. In each instance, parameters of the breaker
motor and/or conveyor motor are monitored and controlled (e.g., adjusted or modified) in order
to achieve improved performance of the industrial machine without having to redesign or

reconfigure mechanical aspects of the industrial machine.

[0025] The invention can be implemented in a variety of industrial machines, such as a
feeder-breaker. A feeder-breaker is a low-profile crushing device that includes, for example, a
horizontal roll crushing system (general referred to as a “breaker shaft”), a conveyor system, a
hopper, and optional wheels or tracks that allow for the movement of the industrial machine.
The specific implementations of a feeder-breaker can take any of a variety of forms based upon,

among other things, material hauling devices, material feed size, material throughput, etc.

[0026] Figs. 1 and 2 illustrate a feeder-breaker 100 according to one implementation of the
invention. The feeder-breaker 100 includes a variable speed drive for controlling the rotational
speed of a breaker shaft. The industrial machine 100 also includes, among other things, a
conveyor and conveyor chain 105, conveyor flights 110, a breaker assembly 115, a first motor or
conveyor motor 120, a second motor or breaker motor 125, a first speed reducer (e.g., gear
reduction) 130, a second speed reducer (e.g., gear reduction) 135, and a crawler 140. The
industrial machine 100 also includes, for example, a tailshaft 145, chain covers 150, choke

chains 155, hydraulic control valves 160, panic bars 165, folding gates 170, a hydraulic tank 175,
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a hydraulic filter 180, a torque limiting clutch 185, a hydraulic pump disconnect 190, a hydraulic
pump 195, a coupling 200, a headshaft 205, a starter 210, a take-up bearing 215, a take-up 220, a
hopper jack cylinder 225, sideboards 230, and a discharge chute 235. A drive is generally
referred to with respect to a motor, but the drive can also include, for example, a clutch, a gear

reduction (e.g., speed reducer), etc.

[0027]  Another implementation of a feeder-breaker 300 is illustrated in Figs. 3 and 4. The
feeder-breaker 300 also includes a variable speed drive for controlling the rotational speed of a
breaker shaft, as well as, among other things, a conveyor with chain and flights 305, a first
electric motor 310, a hydraulic motor 315, a second electric motor or breaker motor 320, a speed
reducer (e.g., gear reduction) 325, and a crawler 330. The industrial machine 300 also includes,
for example, a tailshaft 335, choke chains 340, hydraulic control valves 345, a hydraulic tank
350, hydraulic filters 355, a torque limiting clutch 360, a hydraulic pump 365, a headshaft 370, a
starter 375, a take—up 380, a hopper jack cylinder 385, sideboards 390, a discharge chute 393, fire
suppression tanks 400, a heat exchanger 405, a tape switch 410, and a dump intake end 415 (e.g.,

a three-way dump intake end).

[0028] Before describing the operation of the feeder-breakers 100 and 300 in detail, various
subsystems are illustrated in Figs. 5-8 to further demonstrate how the primary systems of a
feeder-breaker are assembled. For example, Fig. 5 illustrates a conveyor assembly 500 for the
industrial machine 100 or the industrial machine 300 that includes a tailshaft 505, a conveyor
chain and flights 510, a headshaft 515, and a hydraulic conveyor drive 520. In some
embodiments, the conveyor assembly 500 includes an electric motor and speed reducer for
driving the conveyor. Fig. 6 illustrates a breaker assembly 600 that includes an electric motor
603, a torque limiting clutch 610, a speed reducer 615, and a breaker shaft 620. Fig. 7 illustrates
a crushing device or tool 700 that includes a shaft 705, a breaker ring 710, a holder 715, an
intermediate holder 720, and a breaker pick 725. Fig. 8 illustrates a breaker shaft assembly 800
that includes a breaker shaft 805, a speed reducer 810, compression rings 815, breaker mounting

plates 820, bearing housings 825, bearings 830, and bearing retainers 835.

[0029]  For descriptive purposes, the invention will be described with respect to the feeder-

breaker 100, although the below description of the operation of a feeder-breaker can also be

\Y
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applied to the feeder-breaker 300. With reference to Fig. 6, the feeder-breaker 100 includes the
horizontally mounted roll crusher shaft 620 driven by the shaft mounted speed reducer 615 in
combination with the electric motor 605. In some embodiments, the feeder-breaker 100 includes
a chain and sprocket drive including a flywheel and a speed reducer that is driven by an electric
motor mounted to a frame of the feeder-breaker 100. A material breaking force for the feeder-
breaker 100 is produced as a result of the rotational mass of the breaker shaft 620 in combination
with the speed of the breaker shaft 620. The material breaking force is limited by an overload
device or controller, as well as the conveyor chain and flight bars described above (e.g., by
controlling the speed at which material can be passed through the feeder-breaker). This breaking
force of the feeder-breaker 100 is related (e.g., directly related) to the material’s resistance to the
crushing action of the breaker picks that are mounted to the roll crusher shaft. The harder the

material; the higher the force developed by the breaker shaft and breaker motor when crushing

the material.

[0030] The conveyor system includes the chains 105 and flight bars 150 driven in an endiess
loop around the frame of the feeder-breaker 100. The conveyor system also includes the head
shaft or driving shaft 205 where the conveyor drive is connected and a tail shaft or idler shaft 145
where the chain and flight bar assembly is returned back onto the deck the feeder-breaker 100.
The conveyor drive can be directly or indirectly coupled to one or more hydraulic motors or one
or more electric motors (e.g., motor 120) and one or more speed reducers (e.g., speed reducer
130) that are directly coupled to the head shaft 205 or indirectly coupled to the head shaft 205 via

chains and sprockets.

[0031]  The chain and flight bar assembly is configured to drag material up to and through the
breaker assembly 115. The chain and flight bar assembly provides a resistance to the material to
allow the breaker shaft tools (e.g., breaker picks) to penetrate and separate the material as the
material passes through the breaker assembly 115. Material is dumped into the feeder-breaker
material haulage vehicles through a hopper at the tailshaft 145. The hopper provides a surge
capacity to the feeder-breaker 100 to allow material hauling vehicles to dump the material into
the feeder-breaker at a maximum possible rate. The feeder-breaker 100 can also either be fixed
(e.g., permanently mounted), semi-mobile (e.g., via skids or wheels), or fully-mobile (e.g., using

self-powered crawler tracks).
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[0032] As an alternative to a feeder-breaker, the invention can also be implemented in, for
example, a sizer. The specific implementations of a sizer can also take any of a variety of forms
(e.g., single roll crusher, double roll crusher, etc.) based upon, among other things, material feed
size, material throughput, type of material, etc. A double roll crusher is an industrial machine in
which a material to be crushed is fed by gravity, and in which each of the breaker shafts turn
toward each other to create a collapsible pocket in which material is broken by the breaker

shaft’s tools (e.g., breaker picks or bit blocks).

[0033]  Figs. 9-11 illustrate a double roll crusher 900 that includes a drive assembly 905, a
roll shaft assembly 910, a wheel assembly 915, a bearing assembly 920, an end liner 925, a
frame section 930, a spacer 935, outside bearing cover 940, and end cap 945, and an inside

bearing cover 950.

[0034] Another double roll crusher 1000 is illustrated in Figs. 12-14. The double roll crusher
1000 includes a double roll crusher 1000 that includes a first drive assembly 1005, a second
drive assembly 1010, a breaker roll shaft assembly 1015, a wheel assembly 1020, bearing
assemblies 1025, an end liner 1030, a frame section 1035, spacers 1040, outside bearing covers

1045, end caps 1050, and inside bearing covers 1055.

[0035] As indicated above, a double roll crusher includes two breaker shafts for crushing
material. In some embodiments, the breaker shafts are synchronized using a timing gear set and
are driven by an electric motor and a speed reducer connected to one of the two breaker shafts.
In other embodiments, each of the breaker shafts can be independently driven using respective
electric motors and speed reducers. The breaker shafts are mounted in a frame such that the
distance between the breaker shafts, in combination with the speed of the speed of the breaker
shafts determines both the throughput of the double roll crusher and the and size of the material
output by the double roll crusher. In some embodiments, the speed of the breaker shafts at a
centerline of the breaker shafts are matched to the speed of a conveyor belt that is feeding
material to the double roll crusher. In such embodiments, the matched speed of the breaker
shafts to the stream of material ensures a minimum amount of material waste product (e.g.,

improperly sized output material).
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[0036] Fig. 15 illustrates a controller 1100 associated with the industrial machines 100, 300,
900, and 1000. The controller 1200 is electrically and/or communicatively connected to a
variety of modules or components of the industrial machines. For example, the illustrated
controller 1100 is connected to one or more indicators 1105, a user interface module 1110, one
or more conveyor motor and conveyor motor drives 1115, one or more breaker motors and
breaker motor drives 1120, a power supply module 1125, and one or more sensors 1130. The
controller 1100 includes combinations of hardware and software that are operable to, among
other things, control the operation of the industrial machines, control the speed of the motors
1120 and 1125, activate the one or more indicators 1105 (e.g., a liquid crystal display [“LCD”]),
monitor the operation of the industrial machines, etc. The one or more sensors 1130 include,
among other things, one or more current sensors, one or more current transformers, one or more
speed sensors (e.g., multiple Hall Effect sensors), rotational speed sensors, one or more voltage
Sensors, one or more torque sensors, one or more pressure transducers, one or more belt weigh
scales, one or more cameras for detecting or sensing product particle size, one or more resistance
temperature detectors, etc. The motors 1115 and 1120 can be, for example, direct current
(“DC”) motors, alternating current (“AC”) induction motors, AC wound rotor motors, brushless
DC (“BLDC”) motors, permanent magnet motors, switched reluctance motors, synchronous

switched reluctance motors, hydraulic motors, etc., or combinations thereof.

[0037] In some embodiments, the controller 1100 includes a plurality of electrical and
electronic components that provide power, operational control, and protection to the components
and modules within the controller 1100 and/or industrial machines 100, 300, 900, and 1000. For
example, the controller 1100 includes, among other things, a processing unit 1135 (e.g., a
microprocessor, a microcontroller, or another suitable programmable device), a memory 1140,
input units 1145, and output units 1150. The processing unit 1135 includes, among other things,
a control unit 1155, an arithmetic logic unit (“ALU”) 1160, and a plurality of registers 1165
(shown as a group of registers in Fig. 15), and is implemented using a known computer
architecture, such as a modified Harvard architecture, a von Neumann architecture, etc. The
processing unit 1135, the memory 1140, the input units 1145, and the output units 1150, as well
as the various modules connected to the controller 1100. are connected by one or more control

and/or data buses (e.g., common bus 1170). The control and/or data buses are shown generally
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in Fig. 15 for illustrative purposes. The use of one or more control and/or data buses for the
interconnection between and communication among the various modules and components would
be known to a person skilled in the art in view of the invention described herein. In some
embodiments, the controller 1100 is implemented partially or entirely on a semiconductor (e.g., a
field-programmable gate array [“FPGA”] semiconductor) chip, such as a chip developed through
a register transfer level (“RTL”) design process. In some embodiments, the industrial machines

include one controller, such as controller 1100, for each breaker or conveyor motor.

[0038] The memory 1140 includes, for example, a program storage area and a data storage
area. The program storage area and the data storage area can include combinations of different
types of memory, such as read-only memory (“ROM”), random access memory (“RAM”) (e.g.,
dynamic RAM [“DRAM”], synchronous DRAM [“SDRAM?”], etc.), electrically erasable
programmable read-only memory (“EEPROM”), flash memory, a hard disk, an SD card, or other
suitable magnetic, optical, physical, or electronic memory devices. The processing unit 1135 is
connected to the memory 1140 and executes software instructions that are capable of being
stored in a RAM of the memory 1140 (e.g., during execution), a ROM of the memory 1140 (e.g.,
on a generally permanent basis), or another non-transitory computer readable medium such as
another memory or a disc. Software included in the implementation of the industrial machines
can be stored in the memory 1140 of the controller 1100. The software includes, for example,
firmware, one or more applications, program data, filters, rules, one or more program modules,
and other executable instructions. The controller 1100 is configured to retrieve from memory
and execute, among other things, instructions related to the control processes and methods
described herein. In other constructions, the controller 1100 includes additional, fewer, or

different components.

[0039] The power supply module 1125 supplies a nominal AC or DC voltage to the
controller 1100 or other components or modules of the industrial machines 100, 300, 900, and
1000. The power supply module 1125 is powered by, for example, a power source having
nominal line voltages between 100V and 240V AC and frequencies of approximately 50-60Hz.
The power supply module 1135 is also configured to supply lower voltages to operate circuits
and components within the controller 1100 industrial machines 100, 300, 900, and 1000. In

other constructions, the controller 1100 or other components and modules within the industrial
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machines are powered by one or more batteries or battery packs, or another grid-independent

power source (¢.g., a generator, a solar panel, etc.).

[0040] The user interface module 1110 is used to control or monitor the industrial machines
100, 300, 900, and 1000. For example, the user interface module 1110 is operably coupled to the
controller 1100 to control the speed of a conveyor, the rotational speed of a breaker shaft, the
rotational speed of a motor, etc. The user interface module 1110 includes a combination of
digital and analog input or output devices required to achieve a desired level of control and
monitoring for the industrial machines. For example, the user interface module 1110 includes a
display (e.g., a primary display, a secondary display, etc.) and input devices such as touch-screen
displays, a plurality of knobs, dials, switches, buttons, etc. The display is, for example, a liquid
crystal display (“LCD”), a light-emitting diode (“LED”) display, an organic LED (“OLED”)
display, an electroluminescent display (“ELD”), a surface-conduction electron-emitter display
(“SED”), a field emission display (“FED”), a thin-film transistor (“TFT”) LCD, etc. The user
interface module 1110 can also be configured to display conditions or data associated with the
industrial machines in real-time or substantially real-time. For example, the user interface
module 1110 is configured to display measured electrical characteristics of the industrial
machines, the status of the industrial machines, speed of the motors, the speed of a conveyor, a
type of material, etc. In some implementations, the user interface module 1110 is controlled in
conjunction with the one or more indicators 1105 (e.g., LEDs, speakers, etc.) to provide visual or
auditory indications of the status or conditions of the industrial machines 100, 300, 900, and
1000.

[0041] The controller 1100 uses signals received from the sensors 1130 related to the
operation of a feeder-breaker to, for example, implement a feedback system between the motor
for the breaker shaft and the motor for the conveyor. For example, the controller 1100 can use a
voltage, a current, a speed, a torque, a power, hydraulic pressure, etc., associated with the motor
for the breaker shaft to determine an amount of loading that the breaker shaft is experiencing.
Based on the sensed loading on the breaker motor, the controller 1100 adjusts the speed of the
breaker motor or the conveyor motor to reduce loading on the breaker shaft. The controller is
configured to change the rotational speed of a roll crusher shaft by controlling the speed of the

breaker motor within a range of values, and/or change the speed of the conveyor by controlling
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the speed of the conveyor motor. With respect to each of the breaker motor and the conveyor
motor, the controller 1100 is configured to modify the rotational speed of the motor either up by
a speed value or down by a speed value. In some embodiments, the speed of the motors can be
increased by, for example, approximately +10%, +20%, +30%, or by a value of between
approximately +1% and +30%. (e.g., with respect to a synchronous speed of the motor).
Similarly, the speed of the motors can be decreased by, for example, approximately -10%, -20%,
-25%, or by a value of between approximately -1% and -25%. (e.g., with respect to a

synchronous speed of the motor).

[0042]  As an illustrative example, if the breaker motor’s load is high (e.g., above a threshold
value or over-loaded value), the speed of the conveyor motor can be reduced in order to reduce
the loading on the breaker motor and breaker shaft. Additionally or alternatively, if the conveyor
motor is operating at full speed and the breaker motor is not heavily or overly loaded (e.g., the
loading is not above a threshold value), the breaker motor has available capacity and the speed of
the breaker motor can be increased. In such an instance, increasing the speed of the breaker
motor increases the speed of the breaker shaft in order to maximize the material throughput of

the feeder-breaker without overloading the breaker motor.

[0043] In some embodiments, the speed of the breaker shaft can also be modified based on
the density of the material being processed by the industrial machine. A higher density or harder
material creates more loading on the breaker shaft than a lower density or relatively softer
material. As such, if a first type of material is expected to be processed by the industrial machine
(e.g., coal) based upon, for example, an input value from an operator, but the industrial machine
is instead loaded with a harder material (e.g., rock), the controller 1100 can detect the increased
loading (i.e., beyond the loading expected or greater than a threshold value), determine that the
material being processed is a denser material, and slow the breaker motor to reduce the speed of,

and wear on, the breaker shaft.

[0044] When implementing the invention in a sizer (e.g., a double roll crusher, a single roll
crusher, etc.), the speed of the breaker shafts can be controlled to limit the amount of waste (i.c.,
improperly sized material) that passes through the roll crusher. Additionally, as the breaker

picks on the breaker shafts are worn, additional speed can be applied to the breaker shafts to
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maintain consistent and desired material sizing as the clearance between the two breakers
increases. In embodiments of the invention that include two independent breaker motors,
adjustable product sizing can be achieved by modifying the speed of one or both the breaker
motors. Additionally, the rotational direction of the breaker shaft can be reversed for clearing
jams or unbreakable objects in the double roll crusher, and differential speeds for the individual
breaker shafts can be used to provide a scrubbing action that liberates clays and or waste
materials, which increases the amount of desirable product that is output from the roll crusher.
That is, the breaker shafts can be used to clean themselves of sticky materials using a speed

difference between the two shafts.

[0045] Fig. 16 is a process 1200 for adjusting the operation of a breaker drive in order to
control the amount and/or quality of a material processed by an industrial machine, as well as
reduce the strain and wear experienced by a breaker shaft and the industrial machine. At step
1205, a motor drive parameter for the industrial machine is determined. The motor drive
parameter corresponds to, for example, a current, a voltage, torque, a temperature, a power, a
load, etc. for the motor driving a breaker shaft. As described above, the breaker shaft is
connected to the motor through a speed reducer (e.g., gear reduction) and a clutch assembly. The
mechanical properties of the speed reducer and the clutch assembly are known such that the
operational parameters of the motor for driving the breaker shaft can be used to determine the
rotational speed and loading of the breaker shaft. Although any of the variety of parameters
described herein can be used to control the operation of the breaker shaft, this exemplary
embodiment uses a loading of the motor (e.g., power, torque, etc.). The controller 1100 receives

signals from the various sensors described above to determine the parameters of the motor drive.

[0046] Following step 1205, the parameter of the motor or motor drive determined at step
1205 is compared by the controller 1100 to one or more threshold values. In some embodiments,
the controller 1100 compares the parameter to one threshold value (e.g., an over-load value) or
two threshold values (e.g., an over-load value and an under-load value). In other embodiments,
any plurality of threshold values can be implemented. The number of threshold values
implemented in the process 1200 depends upon a desired precision for the control of the breaker
shaft. For example, the determined motor or motor drive parameter can be continually compared

to a series of threshold values and the operational speed of the breaker motor and breaker shaft
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can be correspondingly controlled with small modifications to maintain a maximum throughput

of, or limited wear on, the industrial machine.

[0047] If the value of the parameter is greater than or approximately equal to the threshold
value (e.g., in the case of an over-load), the controller 1100 adjusts the operation of the breaker
shaft by slowing down the breaker motor (step 1215) and the process 1200 returns to step 1205.
If, at step 1210, the value of the parameter is not greater than or approximately equal to the
threshold value, the process 1200 returns to step 1205 where the motor or motor drive parameter

18 again determined.

[0048] Fig. 17 is another process 1300 for controlling the operation of an industrial machine
that includes a breaker shaft and a breaker motor. At step 1305, the controller 1100 receives an
indication of a type of material that the industrial machine is to process. The indication can be,
for example, an operator input, a preprogramed type of material, etc. Based on the type of
material that the industrial machine is to process, a density for the material can be determined
(step 1310). The density can be retrieved by the controller 1100 from memory 1140, input by an
operator, etc. Based on the type of material to be processed and the density of that material, the
controller 1100 determines an expected loading for the material when it is being processed by the
industrial machine. For example, for a feeder-breaker, the loading can correspond to an expected
weight when the material is loaded on the conveyor assembly. Additionally or alternatively, the
loading can be a loading experienced by the breaker shaft and determined as described above

with respect to the process 1200.

[0049] At step 1320, the actual loading experienced by the conveyor is determined, for
example, based on one or more weigh scales, pressure sensors, strain gauges, etc. Additionally
or alternatively, the loading of the breaker shaft or breaker motor is determined as described
above. If the load determined at step 1320 is approximately equal to the expected loading (step
1325), the process 1300 returns to step 1320 to again determine the actual loading. If, at step
1325, the actual loading is not approximately equal to the expected loading, the operation of the
motor drive is adjusted. The motor drive parameters can correspond to, for example, either the
breaker motor (e.g., speed up or slow down) or the conveyor motor (e.g., speed up or slow

down). In some embodiments, if a harder material is being processed by the industrial machine
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than expected, either the breaker shaft and motor are slowed down or the conveyor and motor are
slowed down to reduce the loading on the breaker shaft. If a softer material is being processed
by the industrial machine, the conveyor and motor can be sped up or the breaker shaft and motor
can be speed up to increase loading and maximize material throughput. Following step 1330, the

process 1300 returns to step 1320 and the actual loading is again determined.

[0050]  Thus, the invention provides, among other things, an industrial machine including a
breaker device and a variable speed drive for controlling the rotational speed of the breaker

device. Various features and advantages of the invention are set forth in the following claims.
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CLAIMS
What is claimed is:

1. An industrial machine comprising:
a breaker motor having a rotational speed;
a breaker shaft mechanically coupled to an output of the breaker motor, the breaker shaft
including a plurality of tools operable to crush a material;
a conveyor configured to transport the material through the industrial machine;
a sensor configured to generate a signal related to a parameter of the breaker motor; and
a controller configured to
receive the signal from the sensor,
determine a value for the parameter of the breaker motor based on the received

signal,

compare the value for the parameter of the breaker motor to a threshold value, and

generate a control signal for modifying the rotational speed of the breaker motor
based on the comparison of the value for the parameter of the breaker motor to the threshold

value.

2. The industrial machine of claim 1, wherein the parameter of the breaker motor includes

one of a voltage, a current, a motor speed, a motor torque, and a motor power.

3. The industrial machine of claim 1, wherein the parameter of the breaker motor includes

motor loading.

4. The industrial machine of claim 1, wherein the threshold value corresponds to an over-

loaded condition of the breaker motor.

5. The industrial machine of claim 1, wherein the threshold value corresponds to an under-

loaded condition of the breaker motor.

6. The industrial machine of claim 1, further comprising a conveyor motor having a
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rotational speed.

7. The industrial machine of claim 6, wherein the controller is further configured to generate
a second control signal for modifying the rotational speed of the conveyor motor based on the

comparison of the value for the parameter of the breaker motor to the threshold value.

8. A method of controlling an industrial machine, the method comprising:
receiving a signal from a sensor related to a parameter of a breaker motor, the breaker
motor having a rotational speed, the breaker motor mechanically coupled to a breaker shaft
including a plurality of tools operable to crush a material;
determining a value for the parameter of the breaker motor based on the received signal,;
comparing the value for the parameter of the breaker motor to a threshold value; and
generating a control signal for modifying the rotational speed of the breaker motor based

on the comparison of the value for the parameter of the breaker motor to the threshold value.

9. The method of claim 8, wherein the parameter of the breaker motor includes one of a

voltage, a current, a motor speed, a motor torque, and a motor power.

10.  The method of claim 8, wherein the parameter of the breaker motor includes motor

loading.

11.  The method of claim 8, wherein the threshold value corresponds to an over-loaded

condition of the breaker motor.

12.  The method of claim 8, wherein the threshold value corresponds to an under-loaded

condition of the breaker motor.

13.  The method of claim 8, wherein the industrial machine is a double roll crusher.

14.  The method of claim 8, wherein the controller is further configured to generate a second

control signal for modifying a rotational speed of a conveyor motor based on the comparison of
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the value for the parameter of the breaker motor to the threshold value.

15.  An industrial machine comprising:
a breaker motor having a rotational speed;
a breaker shaft mechanically coupled to an output of the breaker motor, the breaker shaft
including a plurality of tools operable to crush a material;
a sensor configured to generate a signal related to a parameter of the breaker motor; and
a controller configured to
receive the signal from the sensor,
determine a value for the parameter of the breaker motor based on the received
signal,
compare the value for the parameter of the breaker motor to a threshold value, and
generate a control signal for modifying the rotational speed of the breaker motor

based on the comparison of the value for the parameter of the breaker motor to the threshold

value.

16.  The industrial machine of claim 15, wherein the industrial machine is a feeder-breaker.

17.  The industrial machine of claim 15, further comprising a conveyor configured to
transport the material through the industrial machine, and a conveyor motor having a rotational

speed.
18.  The industrial machine of claim 17, wherein the controller is further configured to
generate a second control signal for modifying the rotational speed of the conveyor motor based

on the comparison of the value for the parameter of the breaker motor to the threshold value.

19.  The industrial machine of claim 15, wherein the parameter of the breaker motor includes

motor loading.

20.  The industrial machine of claim 15, wherein the threshold value corresponds to an over-

loaded condition of the breaker motor.
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ABSTRACT

An industrial machine that includes a breaker motor having a rotational speed, a breaker shaft, a
sensor, and a controller. The breaker shaft is mechanically coupled to an output of the breaker
motor, and the breaker shaft includes a plurality of tools operable to crush a material. The sensor
is configured to generate a signal related to a parameter of the breaker motor. The controller is
configured to receive the signal from the sensor, determine a value for the parameter of the
breaker motor based on the received signal, compare the value for the parameter of the breaker
motor to a threshold value, and generate a control signal for modifying the rotational speed of the
breaker motor based on the comparison of the value for the parameter of the breaker motor to the
threshold value.
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Approved for use through 01/31/2014, OMB 0651-0032
U.5. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required ta respond to a collection of information unless it contains a validc OMB control number,

. Attorney Docket Number | 051077-9166-US00
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | VARIABLE SPEED MOTOR DRIVE FOR INDUSTRIAL MACHINE

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
[] 37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:
Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Charles M. Anderson Jr.

Residence Information (Select One) () US Residency () Non US Residency () Active US Military Service

City | Paris State/Province | KY Country of Residence i | US

Mailing Address of Inventor:

Address 1 272 Clay Court

Address 2

City Paris ‘ State/Province J KY
Postal Code | 40361 | Country 1 | US

| All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[] An Address is being provided for the correspondence Information of this application.

Customer Number 23409

Email Address mkeipdocket@michaelbest. com ] [ Add Email | |Remove Email

Application Information:

Title of the Invention VARIABLE SPEED MOTCR DRIVE FOR INDUSTRIAL MACHINE
Attorney Docket Number| 051077-9166-US00 Small Entity Status Claimed [ |
Application Type Nonprovisional
Subject Matter Utility
Suggested Class (if any) |Sub Class (if any)—[
Suggested Technology Center (if any)
Total Number of Drawing Sheets (if any) 16 Suggested Figure for Publication (if any) | 6
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U.S. Patent and Trademark Cffice; U S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number,

Attorney Docket Number | 051077-9166-US00

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | VARIABLE SPEED MOTOR DRIVE FOR INDUSTRIAL MACHINE

Publication Information:
[[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | hereby request that the attached application not be published under

[] 35U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
“'umber will be used for the Representative Information during processing.

Please Select One: (&) Customer Number () US Patent Practitioner (O Limited Recognition (37 CFR 11.9)

Customer Number 23409

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 119(e} or 120, and 37 CFR 1.78.

Prior Application Status Remove
Application Number Continuity Type Prior Application Number |  Filing Date (YYYY-MM-DD)
Additional Domestic Benefit/National Stage Data may be generated within this form

»y selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1.55(a)

| Remove |

Application Number Country | Filing Date (YYYY-MM-DD) Priority Claimed

(O Yes (& No

Additional Foreign Priority Data may be generated within this form by selecting the

Add button. A
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Under the Paperwork Reduction Act of 1995, no persons are required to respand to a collection of information unless it contains a valid OME control number.

B s 4 Attorney Docket Number | 051077-9166-US00
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | VARIABLE SPEED MOTOR DRIVE FOR INDUSTRIAL MACHINE

Authorization to Permit Access:

Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPC), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14{(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
snught in the instant patent application.

in accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any reguirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46_ If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

(o) Assignee () Legal Representative under 35U.S.C. 117 () Joint Inventor
() Person to whom the inventor is obligated to assign. () Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here.

Organization Name

Joy MM Delaware, Inc.
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U 5. Patent and Trademark Office; U.S. DEFARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number,

Attorney Docket Number | 051077-9166-US00

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | VARIABLE SPEED MOTOR DRIVE FOR INDUSTRIAL MACHINE

Mailing Address Information:

Address 1 2751 Centerville Road, Suite 342

Address 2

City Wilmington State/Province DE
Country i| US Postal Code 19808
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section only if non-applicant assignee information is desired to be included on the patent application publication in
accordance with 37 CFR 1.215(b). Do not include in this section an applicant under 37 CFR 1.46 (assignee, person to whom the

inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest), as the patent application publication will
include the name of the applicant(s).

Remove

If the Assignee is an Organization check here. (]

Prefix Given Name Middle Name Family Name Suffix

“lailing Address Information:

Address 1
Address 2
_ City State/Province
' Country | Postal Code
Phone Number Fax Number

Email Address

Additional Assignee Data may be generated within this form by selecting the Add button.
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

051077-9166-US00

Application Number

Title of Invention

VARIABLE SPEED MOTOR DRIVE FOR INDUSTRIAL MACHINE

Signature: Remove
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications
Signature |fjared d. riedl/ Date (YYYY-MM-DD)| 2013-03-14
First Name | Jared Last Name | Riedl Registration Number | 68272
Additional Signature may be generated within this form by selecting the Add button. Add

This collection of infermation is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparng, and submitiing the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
OMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.8.C. 2(b)(2); (2) fumishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Cffice may nct be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 5562)
and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whelher the Freedom of Information Act requires disclosure of these records.

2: A record from this system of records may be disclosed, as a routine use, in the course of presenling evidence to a court, magisirate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

4. A record in this system of records may be disclosed, as a routine use, o a contractor of the Agency having need for the information in

order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

5, A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the Intemational Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Secunty
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

T A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (L.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant]
to 35 U.S.C. 122(b) orissuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, lo the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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