MODULAR MOTOR DRIVE SYSTEM AND METHOD BACKGROUND [0001]The present invention
relates generally to drive systems for powering electric motors, and more particularly to a modular
drive system designed and adapted for controlling motors of various sizes and ratings. [0002]A myriad
of applications exist in industry for electric motors of various types. In many applications, induction
motors are driven to rotate loads, such as pumps, fans, conveyors, to mention only a few. Other types
of motors may similarly be driven. A load may call for uniform speed and torque throughout its life,
although many applications require much more flexible control. That is, a motor may need to be driven

at different speeds angﬂ] |Mm e (?gf jnJ ion. To accommodate such
needs, variable speed \% 0 %@Qi&e@gi evggﬁgmﬁmﬂﬁﬁut waveforms of varying
and controllable frequency, capable of correspondingly varying the speeds of driven motors. Similarly,

equipment Rasfesnsiengioped for soft starting motors, starting and stopping motors in controlled
manners, and so forth. Such motor drives are now ubiquitous throughout industrial, commercial,

shipping, jal handling, and other applications. [0003[In_general, mator drives are designed to
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motors, and more particularly to a modular drive system designed and adapted for

controlling motors of various sizes and ratings.

[0002] A myriad of applications exist in industry for electric motors of various types.
Tn many applications, induction motors are driven to rotate loads, such as pumps, fans,
conveyors, to mention only a few. Other types of motors may similarly be driven. A
load may call for uniform speed and torque throughout its life, although many
applications require much more flexible control. That is, a motor may need to be driven
at different speeds and with different torques at different stages in its operation. To
accommodate such needs, variable speed motor drives have been developed that allow
for output waveforms of varying and controllable frequency, capable of correspondingly
varying the speeds of driven motors. Similarly, equipment has been de;eioped for soft
starting motors, starting and stopping motors in controlled manners, and so forth. Such
motor drives arc now ubiquitous throughout industrial, commercial, shipping, material

handling, and other applications.

[0003]  In general, motor drives are designed to provide good service life in a range of
conditions and with a range of loads. The drives may be designed around a single
package that can be programmed and wired fo receive input power as well as to output
conditioned power to the electric motor. Such packaged products typically include power
conditioning circuitry that receives alternating current (AC) input, and converts the AC
input to a DC form, before reconverting the DC power to controlled frequency AC
output. Various operator interfaces and programming platforms may also be provided, as

well as networking capabilities.



conditions and with a range of loads. The drives may be designed around a single package that can
be programmed and wired to receive input power as well as to output conditioned power to the electric
motor. Such packaged products typically include power conditioning circuitry that receives alternating
current (AC) input, and converts the AC input to a DC form, before reconverting the DC power to
controlled frequency AC output. Various operator interfaces and programming platforms may also be
provided, as well as networking capabilities. 10004]One particular challenge that arises in such
products is the design for various motor sizes, for facilitating programming, for sharing programming

and control eters, and.saq forth. Most such products have been.designed to power specific sizes
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interface with a configuration computer or network connected to the unitary package.
This product paradigm, however, suffers from drawbacks including limitations of
installation and configuration of the drives, relatively inefficient use of control platforms
between drives, in accessibility of the programming once the drive is commissioned, or,
conversely, risks of access to the drives from exterior sources due to resident network

connections.

[6005]  There is a need, therefore, for improved techniques for driving electric motors

that can respond to such drawbacks.

BRIEF DESCRIPTION

[0006]  The present invention provides a motor drive system and method designed to
respond to these needs. In accordance with aspects of the invention, motor drive system
comprises a power subassembly including power electronic switches controllable to
provide controlled frequency AC power to an electric motor, and driver circuitry
configured to apply gate drive signals to the power electronic switches. The system
further comprises a control subassembly separable from the power subassembly but
physically configured to be attached to the power subassembly and to make electrical
connections with the power subassembly when attached, the control subassembly
including a user interface and control circuitry that, in operation, applies control signals

to the drive circuitry for controlling the power electronic switches.



BRIEF DESCRIPTION 10006]The present invention provides a motor drive system and method
designed to respond to these needs. In accordance with aspects of the invention, motor drive system
comprises a power subassembly including power electronic switches controllable to provide controlled
frequency AC power to an electric motor, and driver circuitry configured to apply gate drive signals to
the power electronic switches. The system further comprises a control subassembly separable from
the power subassembly but physically configured to be attached to the power subassembly and to
make electrical connections with the power subassembly when attached, the control subassembly
including a user mterface a (S%%Oﬂtml CII’C ry that, |n0?%atlon a%[r)llles control 1 nals %o the drive
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for controlling power electronic switches to provide controlled frequency AC power to an

electric motor.

[0008] The invention also provides a motor drive method that comprises connecting a
power subassembly to an electric motor, the power subassembly including power
electronic switches controllable to provide controlled frequency AC power to an electric
motor, and driver circuitry configured to apply gate drive signals to the power electronic
switches. A programmed control subassembly is then attached to the power subassembly
to make electrical connections with the power subassembly, the control subassembly
including a user interface and control circuitry that, in operation, applies control signals

to the drive circuitry for controlling the power electronic switches.

DRAWINGS

[6009] These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with reference
to the accompanying drawings in which like characters represent like parts throughout the

drawings, wherein;

[0010] FIG. 1 is a perspective view of an exemplary motor drive system in accordance

with aspects of the present techniques;

[0011] FIG. 2 is a similar perspective view of the system of FIG. 1 with a control sub-

assembly removed from a power sub-assembly;



[0008]The invention also provides a motor drive method that comprises connecting a power
subassembly to an electric motor, the power subassembly including power electronic switches
controllable to provide controlled frequency AC power to an electric motor, and driver circuitry
configured to apply gate drive signals to the power electronic switches. A programmed control
subassembly is then attached to the power subassembly to make electrical connections with the
power subassembly, the control subassembly including a user interface and control circuitry that, in
operation, applies control signals to the drive circuitry for controlling the power electronic switches.
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accompanyiingsgianingeRaviich ke shandsiars rearesent fike partsthrovebiither diawings,
wherein: [0010] FIG, 1 is a perspective view of an exemplary motor drive system in accordance with

aspects of HEHEsE Hhniques; [0011] FIG. 2 is a similar perspective view of the system of FIG. 1

with a control subassembly removed from a power sub-assembly;

[0013] FIG. 4 is an exemplary illustration of how the same control sub-assembly may be

used with different power sub-assemblies having different ratings;

[0014] FIG. 5 is a diagrammatical representation of certain of the functional circuitry

contained in the power sub-assembly and control sub-assembly;

[0015] FIG. 6, and FIGS. 6A-6F, illustrate a presently contemplated technique for
removing a control sub-assembly and connecting it to a configuration station for

programming;

[0016] FIG. 7 is a diagrammatical illustration of certain functional circuits and files
contained in a configuration station and in a control sub-assembly for ease of drive

configuration; and

[0017] FIG. 8 is a flow chart illustrating exemplary logic for preparation of a power sub-
assembly and a control sub-assembly during configuration and commissioning of a drive

in accordance with the present techniques.

DETAILED DESCRIPTION

[0018] FIG. 1 illustrates an exemplary motor drive system 10 designed to power an
electric motor such as an induction motor. The motor drive system essentially consists of
a power sub-assembly 12 and a control sub-assembly 14 which is designed to be secured
to and attached to the power sub-assembly during operation. A mechanical interface 16
allows for mating of the sub-assemblies and the control sub-assembly may be held on to
the power sub-assembly in various manners, such as via snaps, fasteners, and the like.
However, in a presently contemplated embodiment, the control sub-assembly and the

power sub-assembly are physically configured to allow the control sub-assembly to be



[0012] FIG. 3 is a perspective view of the control sub-assembly and power sub-assembly illustrating
internal plug-in connectors for mating the two and for the exchange of signals between the two; [0013]
FIG. 4 is an exemplary illustration of how the same control sub-assembly may be used with different
power sub-assemblies having different ratings; [0014] FIG. 5 is a diagrammatical representation of
certain of the functional circuitry contained in the power sub-assembly and control sub-assembly;
[0015] FIG. 6, and FIGS. 6A-6F, illustrate a presently contemplated technique for removing a control
sub-assembly and connecting it to a configuration station for programming; [0016] FIG. 7 is a
diagrammatical illustration of certain functional circuits and files contained in a configuratjon station

and in a coftfr<liRdAS BT fFeRSE B MNR EbetiRsiSHIdTs such that the control sub-

assembly may be attached and detached form the power sub-assembly by hand and
without the use of tools. This ability to toollessly attach and detach the control sub-
assembly greatly facilitates programming, reprogramming, commissioning and servicing
of the system. An operator interface 18 is shown on a front face of the control sub-
assembly and may allow for certain user interactions with the drive, such as fo view
configuration parameters, alter configuration parameters, view logs, history, error and
other codes, view certain operational parameters (e.g., currents, voltages, speeds) and so
forth. In a present embodiment, the operator interface comprises an LCD module that
supports multiple languages, and is able to display parameter codes followed by dynamic

descriptions.

[6019] As shown in FIG. 2, the control sub-assembly is removable from the power sub-
assembly 12, such as for configuration (programming), servicing, and so forth. As
discussed more fully below, the control sub-assembly may be removed from the power
sub-assembly without disconnecting the power sub-assembly from either the power

supply (e.g., upstream power circuitry)} or from the electric motor once places in service.

[0020] In the presently contemplated embodiment, multi-conductor connectors mate
when the control sub-assembly is mounted on or attached to the power sub-assembly.
FIG. 3 illustrates the control sub-assembly 14 removed from the power sub-assembly,
and shows the multi-conductor connectors 20. and 22 that interface with one another
when the two sub-assemblies are brought together to transfer power and data between the
control sub-assembly and the power sub-assembly. That is, in the presently contemplated
embodiment, the conirol sub-assembly 14 does not contain the means for supplying iis
own power (e.g., a battery), but receives power from the power sub-assembly 12 when
the two are connected. Moreover, the control sub-assembly 14 performs all
computations, implements all control routines, and generates all control signals that are
applied to the power circuitry within the power sub-assembly (as described more fully

below) via the multi-conductor connectors. The connectors 20 and 22 are provided on



[0017] FIG. 8 is a flow chart illustrating exemplary logic for preparation of a power subassembly and a
control sub-assembly during configuration and commissioning of a drive in accordance with the
present techniques. DETAILED DESCRIPTION [0018] FIG. 1 illustrates an exemplary motor drive
system 10 designed to power an electric motor such as an induction motor. The motor drive system
essentially consists of a power sub-assembly 12 and a control sub-assembly 14 which is designed to
be secured to and attached to the power sub-assembly during operation. A mechanical interface 16
allows for mating of the sub-assemblies and the control sub-assembly may be held on to the power
sub-assembly in various manners, such as via snaps, fasteners, and the like. However, in a presently
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control subasgednbly greatly facilitates programming, reprogramming, commissioning and servicing of
the system. An operator interface 18 is shown on a front face of the control subassembly and may
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codes followed by dynamic descrlggions. [0019] As shown in FIG. 2, the control sub-assembly is
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sub-assembly without disconnecting the power sub-assembly from either the power supply (e.qg.,

upstream pIEtETRERAREFHO M RS SREHTRS Riot8cohtalbisCeeysnstigitih one another. As

indicated by reference numerals 28 and 30, however, power sub-assemblies of larger
sizes and ratings may be coupled to the same control sub-assembly 14. The power sub-
assemblies mate and interface in similar manners, and the circuitry within the control
sub-assembly is designed to allow for motors of various sizes to be driven without
altering the hardware or circuitry within the control sub-assembly. Such larger sizes are
accommodated only by programming changes within the control sub-assembly. In
presently contemplated embodiments, for example, power sub-sections having ratings of
0.4 to 22kw/0.5 to 30hp at 400/480V, with global voltage classes of 110V, 200V, 400V
and 600V may be accommodated by the same control sub-assembly. However, other

sizes and weightings may, of course, be envisaged.

[0022] In accordance with presently contemplated embodiments, the power sub-assembly
comprises power electronic devices {e.g., switches) that regulate the conversion power
from a power source to controlled frequency AC output for driving the eleciric motor.
The control sub-assembly, on the other hand, comprises processing capabilities, motor
control routines, parameters utilized by the routines for motor control, operator interface
circuitry, and so forth to provide control signals for the power electronics of the power
sub-assembly. The control signals are applied to the circuitry within the power sub-

assembly based on the motor control routines and any further processing in the power



100201 In the presently contemplated embodiment, multi-conductor connectors mate when the control
sub-assembly is mounted on or attached to the power sub-assembly. FIG. 3 illustrates the control
sub-assembly 14 removed from the power sub-assembly, and shows the multi-conductor connectors
20 and 22 that interface with one another when the two sub-assemblies are brought together to
transfer power and data between the control sub-assembly and the power sub-assembly. That is, in
the presently contemplated embodiment, the control sub-assembly 14 does not contain the means for
supplying its own power (e.g., a battery), but receives power from the power sub-assembly 12 when
the two are connected. Moreover, the control sub-assembly 14 perfauns all computations, implements
all control r8tRiASEY W@F&Stééeéﬂ ORI Sighlistharabe Aty 5[i%rt HRRVERECRAGR S within the
power sub-pssenipytas desttibadpiiethid hohetowd viadhdimulti-conductor connectors. The
connectors 20 and 22 are provided on sides of the control sub-assembly and power sub-assembly
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sub-assembly may serve to accommodate various power sub-assemblies that increase in both size
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and 30, howBVeHipsHe radpiialariones Bt 14Kyar d08s SYRERIRGE MarBid o) thetsame

control sub@assembly:44s, DhenpewensHassembliesnateant ipterfaceincsintlas taareis, and the
circuitry within the control sub-assembly is designed to allo;‘\tljégrtgéotors of.vari}gus s'ges t(ﬁbe driven
-a i

without alteS R e hF B P PAR e R TS SO R ST BIH S HAMEISES are

accommodaipitOnlyhy ideoghala mitg ehpigesupithin the tantsoipiiedsse nblifidncpreseitly
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comprises power electronic devices (e.g., switches) that regulate the conversion power from a power
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routines for motor control, operator interface circuitry, and so forth to provide control signals for the
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smooth variations or ripple in the DC power, as well as to supply energy during certain
periods of operation. Resistors may be provided for braking or dissipating energy, and so
forth. DC power from the DC bus is applied to an inverter circuit 38, or more generally
to a power converter circuit. The inverter circuit will typically inciude pairs or power
electronic switches, such as insulated gate bipolar transistors (IGBTs) associated with
diodes. These power electronic switches are driven to allow power to be drawn from the
DC bus to form a synthetic sinusoidal output of a controlled frequency. The output
power is then applied to an electric motor 40. While in many applications the drive
system is configured to drive single or multi-phase AC motors, it should be noted that the
drive system may be adapted for driving different motor types, such as permanent magnet

motors.



sub-assembly converts these control signals to timing signals for driving the gates of power electronic
switches within the power sub-assembly. [0023] This general topology is illustrated diagrammatically in
FIG. 5. As shown in FIG. 5, the power sub-assembly 12 is designed to receive power from a power
grid or main, or more generally from an input power supply. The power will typically be applied by
conductors or busses, and the drive system may be, where desired, mounted near or remote from an
electric motor that is driven by the system in operation. In certain embodiments and installations, the
motor drive system may be rigidly mounted in a cabinet, on rails, or in any suitable manner. The
incoming power may conform to various standards, depending upon the country or region in which the
system is UifAd TBUbGiPHERUNR BfATe Sindie B?We@'%ﬁé%eéni%iéuﬁ cfﬁ\?& %%?ﬁ%sa &d to a
rectifier cireyit 32y 141 reslifiprelrcuitnimaip he passbEupoacibgrodnibndie recdgidefomatiallow for
regenerated power to be applied back to the power source %e.%.,tdurin%pd?cglera\tt;%n o‘g“pggking of the
load). The FSEHHR MPeRitB9OBtolfu SR offtisuCiAt i HBDiicdTo A DEPBIL S VATiBIY Bonditioning
and supporieinesiiticy sWssiatetlthe nerallyr kyroefareBte Mimeral 36nhey becbensagted idethe DC bus.
As will be appreciated by those skilled in the art, such circuitry may.include inductors, capacitors,
resistors, agﬁ)‘ggéfrfgﬁh?lfré:uétéﬁé)fa?, SR PG Ay 1Oar§ym¥g§? élﬁrﬁ |§§8 tt%sf%%%ﬁe‘?ggg in the DC
bus, and todsineothirvaitiatiéhseryribple thahenD@ pdnbe, astovélies sizselppip@neryy @ukeg certain
periods of gperation. Resistors,| a%%é’%ﬁﬁg@ﬂﬁa?dc%gf%msomé'@@}'Qgcﬁﬁr%fi% gadsaforth. DC
power from Ae busis applﬁe to an inverter circuit 38, or more generally to a power converter
circuit. Thelinverteinctheuitvil Fipplballihinsier palrsercpbivel &lamyoiel etk Hdeus §ersds insulated
gate bipolap fransistors (IGRTS) assoripra with.Aigdess Tihess.RevRE glaok gRisMishagare driven to

allow power to be drawn from the DC bus to form a synthetic sinusoidal output of a_controlled
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system may be adapted for driving different motor types, such as permanent magnet motors. 100241
In the illusteREY Riehs BHUimoRpcQrD Hegss P Giso includes driver circuitry 42. The driver
circuitry 42 acts based upon control signals received from the control sub-assembly to generate gate
drive signalgitizal die: appliet sohthesgoveridlestitinit swdtohdd@f Shevinpasteracintuitsi88itihere a
switched regl IRl BRI SHE QY Sl SHGH o AaERIASALC U AN HRIiXARRLG Sianals o
the rectifier. The driver circuﬁ?ry Vi, may base the timing of the gate drive sighals upon any desired
algorithm, suchnasensilizimgdriatibimathearierolaves aaserdther tdbhnfguaslgeleiiy KoWadin the art.
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control sub-assenibly 14 as illustrated in FIG. 5 comprises control circuitry 46 designed to implement
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infrastructure, and the use of a dual port EtherNet card may permit connectivity options such as device
level ring nétﬁmﬁﬁ@@tﬁﬁl}?aﬁﬁﬁﬁ@%ﬁ%@eﬁﬁ@ﬁb&use of a dual port EtherNet card may permit

connectivity options such as device level ring networking. Finally, a universal serial bus



(USB) interface is provided in the illustrated embodiment. While one or more of these interfaces may
be accessible from outside the drive system when assembled, in a presently contemplated
embodiment the network interfaces 52 are accessible when the control sub-assembly is mounted on
the power sub-assembly, while the USB interface, which allows for file transfer and configuration of the
drive system, is not accessible unless the control sub-assembly is removed from the power
sub-assembly. Where desired, the drive system may be protected by the use of passwords or other
security devices. [0026] FIG. 6, along with FIGS. 6A-6F, illustrate a presently contemplated technique
for coupling the control sub-assembly to a configuration station for file transfer and cqnfiguration. As
shown in FIESB) teeentd Riayideddnbs lilﬁﬁﬁ%mgﬁwgﬁfrmlﬂﬁeoﬁ%\%%%9§§§§?ﬁny by
withdrawinghitbfrasastheaptedacekBivAs showsus: fld GhbAlthenyaaavener iateendliarion.of the
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sub-assembly, including the_transfer. of files, cqonfiguratio rameters, control parameters, as well as
alteration of %igea,lﬁlé"@gs 'eh etréﬁsnﬁ%lﬁ%edgg%%fgat{%ntﬁ% lﬁ%ém%%es&%%‘% 60 ra%g i ift::szfﬁeF in FIG. 6D.
The completsdedssothrectiarob4dffectiudily tethers ehedc rntroltbe lpasse mbhasdanthéy U SB lsable 62 as

indicated in,FIG. 6E. The USB cable Qg&ebe q %%Qf' ation station,such.as,a.0eneral
purpose co%%ia?g?%kgiﬁgi‘é%ts a&{} gg{gﬁe}/ﬁ 2 %umeraq};%}%n FIG%. %%%)28% In accord%nggy\?vith aspects
of the pres@aviezshniques, not only may the power subassembly and control sub-assembly be

separately mounted, connected and installed, but programming of the control sub-assembly may be

facilitated afggn i]is detacheddwonh thespowessubiassambirbymeanstehiiadd S sagne cion
discussed above. In particular, in a presently contemplated embodiment, the processing circuitry and
interface ciF&ﬁ‘Rt‘V‘&ofﬁﬁir?@BWgtrﬁHbfﬁéS‘E‘E}mVoltguB-ﬁg frahottrHfE o %rgfgs)ﬁf)@ésg%ér%ﬂ to identify

itself in accesaapeRNH AL SR wWHASSHIragendevioedtiags afismbish] Canyebtionabfitd deeess software
uing o B contaueten olon s s ot st e st
another viatea, USBoeabler internal portion of the control sub-assembly may be removed, as

indicated by reference numeral 56. Within the control sub-assembly, various connector

interfaces may be accessible, such as an EtherNet receptacle 58 (see, FIG. 6B) and a USB

receptacle 60 (see, FIG. 6C).

[0027] For transfer of data to the control sub-assembly, including the transfer of files,
configuration parameters, control parameters, as well as alteration of these, a USB cable
62 may be coupled to the USB receptacle 60 as indicated in FIG. 6D. The completed
connection 64 effectively tethers the control sub-assembly via the USB cable 62 as
indicated in FIG. 6E. The USB cable may be coupled to a configuration station, such as a

general purpose computer as indicated by reference numeral 66 in FIG. 6F,

[0028] In accordance with aspects of the present techniques, not only may the power sub-
assembly and control sub-assembly be separately mounted, connected and installed, but
programming of the control sub-assembly may be facilitated after it is detached from the
power sub-assembly by means of the USB connection discussed above. In particular, n 2
presently contemplated embodiment, the processing circuitry and interface circuitry

contained within the control sub-assembly allow the control sub-assembly to identify



[0029] Certain exemplary functional components for such functionality are illustrated generally in FIG.
7. As shown in FIG. 7, the control sub-assembly 14 comprises processing circuitry 68 which may form
part of the control circuitry within the subassembly as discussed above. The processing circuitry 68
has access to memory circuitry 48. Such memory circuitry may store various motor control routines as
indicated by reference numeral 70. In presently contemplated embodiments, these motor control
routines are pre-loaded on the control sub-assembly prior to shipment to users. The motor control
routines may include, for example, volts per hertz, sensorless vector control, field oriented control,
permanent magnet motor support, and closed-loop feedback with an optical encoder. Moreover,

control paralisetdrsapeortanstoradhin HeFhiBmTS AEREY HR SRE AR uSSPBY O TEIEPRBNESI routine
during opergiiegy @ fieaulaiaapRlication ofsifivesighalsdadheppwelrdgtact anic devicesuithin the
power subassembly. As discussed below, these control airan]gters ‘?%j bel pre-loaded ﬁ{ior to
configuratictiSSFE dRde?8y e SFrSREYHhSle BF thX BStatRatars ?}/B"é LBPSE oMY IAStalled by
virtue of the semfermanceefineheanttols rassemilydor LSk enasstsedrEgecdsldce class. The
control sub-assembly further includes a USB interface 54 as discussed above that allows for the
supply of d wer from.th ' ti i nectad. [0R301 The
configuratijéas%ﬂ%g%é agxgﬁlg\}\?rﬁr?ﬁ Iglgé%gﬁmg u e@%&iﬁﬁi%@ﬁﬁ hat has gcc_:ess to memory
circuitry 76 c¥tmapodesElfy dircultsyshawnaip VBIS: depladingisponbthisssmputet GamRigcas may the
memory CirGHily£6, I8,96RRr Agall BLk BRI, pfs#mﬁetﬁemﬁ@rscw&umw%d%um.processing
[

circuitry and memory circuitry for carrying out the file transfers required. The memory circuitry may

store one ofsiarRlparaisersrRalors, dAaRINeEs TR GfHShEfAC S HRRSRABY FErRince numeral
80. It shoulgk besppted thalrsush-desumantationfilessnasnalsehfrstawdinrdhe marmae ¢icuitry of the

control sub-assembly (and accessed by connection to the configuration station). Operatorlinterface
circuitry 82 SRS thaYREERséthg Bir SURISPHY semicamtaed P SHmaT o ARG IR UetiEES such as a
display or mewnitess 8de 3176-RRAGAr FAOIR iBpMEENdBURHLIRYIctsras indinated by usfsrerenumeral 86.
Finally, a USB interface 88 allows for inteé{%onrlection of Fhe control sub-assembly 14 with the
configuratidH¥esttPER! BHSTF RS RS XEEVA B BORUTtDPELE A st RbIy T4 comptises a
configuratiamfed,, fiokl oomeeteldaves), Wiichaakawsritgocselfridentiyptotheacdnfifpsedtionrstation as a
USB mass sto devjce. As such, once connected, the cantrol sub-as Yy g the operator
interface 8 ?fng%?fsag{é} 81 t%}ﬁslﬁagvx? %%)lgan()é]ggfg%‘Fg%ecr%%%?/gpg the rer%torrg%)lg\/g.&S %/gggz?cl%ing this icon,
a user mayacmess difarmationd withisedHey chntsitsubasselmbiyiin dedogdascetinitiesagedttsred within

memory SRl Hn IS AN J0RHESS TRV REAEILIONANEL RONR OBk M/ HIRARS dgpresentalive

of the files éap ed within memory Tircuitry /6. In the illustrated embodiment, a parameter file icon 92 is
shown correspoiding fostidésperarhbede vildlrse |poadiehipresanstamentsbehr piradaearifileay be

received from, & LGMOLR IGCHIORFESTVEH, f69%@Eﬁ‘@@r%‘%ﬂﬁy%ﬂ@&&‘@%ﬂ%&cﬁ%@&aﬂ@d within the

configuration station, or may originate from any other source. Moreover, in certain embodiments the

parameter firstileg B dere i BRIt rrsiion At anBletp A RS s SiRiA%Stely, then,
the parametgy, file inay. bentrapsfRireshiasthmeniiguatinpsiaiian By ansirraie sirag-aincheliap file

transfer operation as permitted by the USB_mass storage device standards. While further configuration
may take plaR conah@licieb HifgRHRRIS P FfiaAaRe RIS HORJLE OB SHA M E Mot ®uipment
(such as viarpnextemnalmtherdNet connection), the use of the controlled access USB port may tend to
reduce risks of unwanted or inappropriate access once the drive is programmed and commissioned.

[0032] It Sh%ﬁg(ﬁ eflpl(e)tgcgjn 1gal‘;[ra i@H@{Q&énOBéJ %gféﬂo%?ﬁl fiilg%i%iﬁ&gﬁgoﬁmﬂég{:imuitry 74
that has access to memory circuitry 76, The processing circuitry 74 may vary, depending
upon the computer utilized, as may the memory circuitry 76. In general, all such general
purpose computers will include adequate processing circuitry and memory circuitry for
carrying out the file transfers required. The memory circuitry may store one or more

parameter files 78, as well as documentation files as indicated by reference numeral 80.
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software packages may be used with the drive system for standard and customized configuration.
For example, many parameters for common motor applications may be pre-loaded into the control
sub-assembly, or programmed by the USB port as described herein, such as for driving fans, pumps,
conveyors, mixers, blowers, and so forth. Software packages for facilitating such configuration are
commercially available from Rockwell Automation of Milwaukee, Wisconsin under the commercial
designation AppViewTM. Moreover, editing and customizing of the parameters may be facilitated by
use of such software tools as CustomViewTM using Connected Component WorkbenchTM software,
also available from Rockwell Automation. Integration with programmable automation controllers may

be based ol prEHIdDSmaHrPd o I RBTLHICR M EH B0 ARRA S IR SR RRIFEMMation. Such

profiles allowde#edpeHORIARIDYBNRRG B e daBIab salbhpapidiatioghengarfantiitermation such
as parameters and tags. Such software ma%algf a&owf r automatic detection of rs%glfl%%?ent of the
para '

control subSEEaRbI R5HISE IIETRTRGIERY ¥t R ) BE O IESHER &Nmiihating the need for
manual re-gesnfigusation [0033]1HG @ ikistrates exandpiplay|ogimdifor processing chenpower
sub-assembly and control suh-assembly during installation, configuration.and missioning. As
noted abov&gﬂ%é‘%dgﬁg%ftegaeﬁ?ﬁtef 5f fﬁ%%%\#eg%ﬁ %5%%65 rﬁlgwea{gr}ldgéjb 2{?%%%% b%aﬁgs;%%nﬁyl} alfow the
power sub-8sseihmisly for Heteeparatelyrinstaiied;onhelsdesissthflpnh4heitothrorsubagsémbly. The
power sub-atggem y may thus be wired to upstream power supply circuitry and to the electric motor to
be powere(i while the control sub-assembly may be programmed at the same time. Because these
operations often take place in quite different settings, the ability to process the two_sub-assemblies

separately H831Ads et b dhdoROBRRERECH TR tsmPiYich FUBRES Vb RTS8l or more

subassemblies may pecedfigyeed innicrantelateRviraameant while pawensubrassesablies are being
installed at the site of the apé%ic_ation. Still further, in the event of rﬁﬁlac ment %{ a control

sub-assembly BtR&sS HRREERARPmay B UM ERYGrES g SRl eSS BRI hE b SsF

sub-assemky spalybyGaRPIIg=an elshoantrtsiassenably witl@aemadne oBtilkfurther, the use of
a single desjgn co%trol ub-assembly allows for control subassemblies t&l.be ﬁeepar%ltellys urchased,

stocked, and istaffsd"WRR LSNP ATBLa3<BRLTEY HERG SESERALRY intErehangeable between power
sub-assembliesnbithithe @xdaptionidf dany settih gsthmdyrararmetersithad birdmeguer tththessize, rating
and Operatiglgga/.l s%g%@%?rgsr}. ?dgglé?)? gg}gt&[ }r?o?ee i@gl){gexre%gesentative of the files stored within
memory circuitry 76. In the illustrated embodiment, a parameter file icon 92 is shown
corresponding to-the parameter file 78. In certain embodiments, the parameter file may
be received from a remote location, received from internal memory or memory devices
installed within the configuration station, or may originate from any other source.
Moreover, in certain embodiments the parameter file may be accessed on the
configuration station and altered as desired. Ultimately, then, the parameter file may be
transferred to the configuration station by a simple drag-and-drop file transfer operation
as permitted by the USB mass storage device standards. While further configuration may
take place, or the basic configuration may take place by access to and from remote
equipment (such as via an external EtherNet connection), the use of the controlled access

USR port may tend to reduce risks of unwanted or inappropriate access once the drive is

programmed and commissioned.

[0032] It should be noted that a number of useful configuration and programming

software packages may be used with the drive system for standard and customized
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[0034] As shown in FIG. 8, processing of the power sub-assembly as indicated generally by reference
numeral 96 may begin with mounting the power sub-assembly 100 in appropriate location, enclosure,
and so forth. The power of sub-assembly may then be wired to the main or, more generally, to
upstream or incoming circuitry as indicated by reference numeral 102, and then may be wired to the
motor 104. These connections may be made and verified prior to attachment of the control
sub-assembly to the power subassembly. [0035] Processing and configuration of the control
sub-assembly may take place in a series of steps as indicated by reference numeral 98, starting with
detachment of the control sub-assembly from the power sub-assembly, if it was, previously attached,
as indicate @ BREERc e FRINEFIIPIO6URR & UGRIFH CthdO SHBR B BN ARBNFRNSY R BeSched from
the power si/R13ssembly e tagllesislyisermeripg, bl so dyrhard)binipr actiBedhaivwiesdavidges may be
purchased and, shipped separately, or may arrive in a single package q#t with th$ congro
sub-assemBRyShniBEhEY. %éiréﬁ‘ﬂﬁof@ﬁb%&@?hﬁfipﬁ%&ﬁﬁeﬁ%g ORIt B3hE S uration
station as indigated pyckefesencefatimatal 148h sueliasatiaithed xS portidlscussdababGvenwith
reference tqQ FIG. 6. Power and d e then prgvided to the control sub-assemhly as indicated at step
110. As no%&cgggﬁeﬁlﬁgl%%th??oI(?s[tl%fjilahs”saélm Sty %ﬁ?/oﬁl (SJltnhg\r}éiel{sq%Svr? %Igﬁﬂé:rrg%%l p%é\%/lgp %%?Jnrce, such
that input paweY imeMbévieguived it mgoesbingtimionmatid hqpaenieigrim proedssingteit buitry, and so
e el caeeRy GIRE pAIneCanAWaCHA e ceelHatan sian AN IR cAE
sub-assemey may provu% not only data but power, at léast temporarily, for operation of the control
sub-assembiftwiscinelisatedisahdte fat2Resém cth S usmasiosubdstembRrwiiBpprearaasrablicon on the
configuration, siation, by irye.QfHe senfaumance:ahihe sontral sui-asaamBlywith thespigndards of

the USB mass storage a USB mass storage device class. Various operations may then be performed
by interactisgfwitketieridiesksirdh Axienamaerabingh dupidies alerof tHeddsht IS HHRESSERIPY/, accessing

certain routines. 3ngL s ipithidSidicaied AlRiamd i pReiingss eperalisReRandnglide a

drag-and-drop transfer of a parameter file from the configuration station to the control sub-assembly.
Once seleciddibspihearaesiidie tlehrnamaardeacdisng ivith arfmiiar dasLrEelveiser may
desire to trapgiablo thamenfictsation-sibrassenbly alieryitirihacaniguaionsue-assembly and
so forth. It should also be noted, however, that certain of these operations may be limited or
disallowed, ‘BhE a0 &8 $8HE Lol sub-assembly may, where desired, be limited by passwords and
other security devices. 100361 Once the file transfer is complete, the user may determine whether all
desired configahion, Bathiotes chesidaanib gl Sdtitmsrosessoddrthpars Pdessiraroynied as
indicated at step 118, and {fot {08 HSELMAYRORHRHENILR S UG QRETRRAS by rettnigfo one of the

previous steps. Once the configuration is complete, the control subassembly may be disconnected

from the conlfigfiesationepraticribidiin gichepoatss ey -reomihe ashirgirakivibiastrer doiprettel as
indicated atstep 122. R0 Gantroksphasse mliimayRe-roaiiied ondhe mewehsybssembly as

indicated at step 124, which, again, may be 1performed toollessly. Step 124 may include various other

sub-steps régirsiyior EmATESTo sHRgRetamBld ey inkis dhg Yt P o FREFRITS RANEoFHIRY, and so

forth. Once GramsSIANINMiSERRR e dhe By MRdbeKuB fHermativiasingisatedyahsier 126. If at
any time thereafter configuration is tq be altered or the control subas em%ﬁisa 0 be. reg}lfaced,
fi

reconfiguraREREFHRIPEL Aol fafBFniteas e A atS P Ens (e 4tiBh W4 include

removal of thegentredsupsassenbilitiran phe-prnae sul-assemsbiybing repaaadsingof e
parameterssq?g indicated above, ,transi%er @:‘ para e;_ters and files in(()zli((;:gltegl1 ea%?\’eb %nglugp forth.
Moreover, SUCH AR ARGUIRRETST GRci i ARSIy By FetaPactivg hifh e SBerator
interface orfsaxtirirohsubeasseipbiyd Moreaverlirdcentainenebodihientsyehanyessamdlosnfigurations
may be perlol e PhAERETANANR COPHR' SURAREMEh Toman iR RaleiyiRpteanageton as

of a control sub-assembly, this sub-assembly may be fully configured prior to installation

on the power sub-assembly simply by swapping an old control sub-assembly with a new
one. Still further, the use of a single design control sub-assembly allows for control sub-

assemblies to be separately purchased, stocked, and installed with control sub-assemblies

12



100371 While only certain features of the invention have been illustrated and described herein, many
modifications and changes will occur to those skilled in the art. It is, therefore, to be understood that
the appended claims are intended to cover all such modifications and changes as fall within the true
spirit of the invention. CLAIMS: 1. A motor drive system comprising: a power subassembly
including power electronic switches controllable to provide controlled frequency AC power to an
electric motor, and driver circuitry configured to apply gate drive signals to the power electronic
switches; and a control subassembly separable from the power subassembly but physically
configured to be toollessly attached to the power subassembly and o make electrical connections with

the power & SEHBHIYHAIFEHARER SRS I T QB SR ABRPRTE I G ADGsSISFBPMEE and control
circuitry thagnin eperatiom@Rpies aentrekgignalsigidhe dsiveneirsiiry dafrgontiollifghepawer

electronic switches, |

characteristics of the motor to be powered.

[0034] As shown in FIG. 8, processing of the power sub-assembly as indicated generally
by reference numeral 96 may begin with mounting the power sub-assembly 100 in
appropriate location, enclosure, and so forth. The power of sub-assembly may then be
wired to the main or, more generally, to upstream or incoming circuitry as indicated by
reference numeral 102, and then may be wired to the motor 104. These connections may
be made and verified prior to attachment of the control sub-assembly to the power sub-

assembly.

[0635] Processing and configuration of the control sub-assembly may take place ina
series of steps as indicated by reference numeral 98, starting with detachment of the
control sub-assembly from the power sub-assembly, if it was previously attached, as
indicated at reference numeral 106. Here again, the control sub-assembly may be
detached from the power sub-assembly by toollessly removing it (i.e., by hand). In
practice,. the two devices may be purchased and shipped separately, or may arrive in a
single package but with the control sub-assembly unmounted. The control sub-assembly
may then be connected to the configuration station as indicated by reference numeral 108,
such as via the USB port discussed above with reference to FIG. 6. Power and data are
then provided to the control sub-assembly as indicated at step 110. As noted above, the
control sub-assembly may not have its own separate power source, such that input power
may be required for accessing information, powering the processing circuitry, and so
forth. In such cases, the USB connection between the configuration station and the
control sub-assembly may provide not only data but power, at least temporarily, for
operation of the control sub-assembly. As indicated at step 112, then, the control sub-
assembly will appear as an icon on the configuration station by virtue of the conformance
of the control sub-assembly with the standards of the USB mass storage a USB mass

storage device class. Various operations may then be performed by interacting with the

13



2. The system of claim 1, wherein the power and control subassemblies comprise mating
multi-conductor connectors that mate when the control subassembly is attached to the power
subassembly to convey signals between the power and control subassemblies. 3. The system of
claim 2, wherein the multi-conductor connectors are hidden between the power and control
subassemblies when the control subassembly is attached to the power subassembly. 4. The
system of any one of the preceding claims, wherein the control subassembly is configured to be
removed from the power subassembly for connection to a configuration station, and to be attached to
the power subassembly following configuration. 5. The system of claim 4, wherein the control

subassemBRPRoMEH ISR EBFTHEREFSHEE ARG O e et hE R AIPRIBNEY 45 Fhes8ntiiPation station.

6. The systgmakelaim 5o Wherein shecanaeaiondptertacenis dispasashaatvsidaaf Haudentrol

subassembly that faces the powe| subassembly when the confrol subassembl%/ i%hattache to the
me transfer of a parameter file from the configuration siation to the contro

power sub&tag;
sub-assembly. Once selected by the user, then, the file is transferred, along with any
other data that the user may desire to transfer to the configuration sub-assembly, alter
within the configuration sub-assembly and so forth. It should also be noted, however,
that certain of these operations may be limited or disallowed, and access to the control

sub-assembly may, where desired, be limited by passwords and other security devices.

[0036] On(;e the file transfer is complete, the user may determine whether all desired
configuration, parameter checks and éelections, and so forth have been performed as
indicated at step 118, and if pot, the user may continue with such operations by returning
to one of the previous steps. Once the configuration is complete, the control sub-
assembly may be disconnected from the configuration station as indicated at step 120.
The configuration is then completed as indicated at step 122, and the control sub-
assembly may be mounted on the power sub-assembly as indicated at step 124, which,
again, may be performed toollessly. Step 124 may include various other sub-steps
required for commissioning of the drive, including testing of various functionality, and so
forth. Once commissioning is complete, the drive may be run normaily as indicaied at
step 126. If at any time thereafter configuration is to be altered or the control sub-
assembly is to be replaced, reconfiguration may be easily reformed as indicated at step
128. Such reconfiguration may include removal of the control sub-assembly from the
power sub-assembly and re-accessing of the parameters as indicated above, transfer of
parameters and files as indicated above, and so forth. Moreover, such reconfiguration
may occur directly and manually by interacting with the operator interface on the control
sub-assembly. Moreover, in certain embodiments, changes and configurations may be
performed by accessing the control sub-assembly from an external network connection as

discussed above.
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7. The system of any one of the preceding claims, wherein the control subassembly is configured to be
attached to any one of a plurality of power subsections of different size and power rating. 8. A
motor drive system comprising: a control subassembly separable from but physically configured to
be toollessly attached to a power subassembly and to make electrical connections with the power
subassembly when attached, the control subassembly including a user interface and control circuitry
that, in operation, applies control signals to drive circuitry within the power subassembly for controlling
power electronic switches to provide controlled frequency AC power to an electric motor. 9. The
system of claim 8, wherein the cantrol subassembly is ¢configured to he attached dand tQ inéerface with
any one of HBRTIaNilst PRy ErdensEaBRs of BReisrrigndaky rshertipigd and 4ererhedsystem of
claim 8 or S,eeaRMPHiSHY BIMmEt-GeRdusioticare ool thedumadesiwihsaltainplementarylcnnector of
the power subassembly when the ¢ ngol ubassergbéyi attached to tge pgwer %y% s§eCerly to
convey sighiafse (gﬁNé%rPf’hE’@(?Wé’rognt Lo R BEEE hiBTEs™® m%_nL.%eosySYem of ¢laim 10,
wherein thexndilficaannkisidrchannsciofas digposke o apgite bHfttharcontool subassembly that faces the
power subassembly when the control subassembly is attached to the power subassembly.
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12. The system of any one of claims 8 to 11, wherein the control subassembly is configured to be
removed from the power subassembly for connection to a configuration station, and to be attached to
the power subassembly following configuration. 13. The system of claim 12, wherein the control
subassembly comprises a connector interface configured to be connected to the configuration station.
14. The system of claim 13, wherein the connector interface is disposed on a side of the control
subassembly that faces the power subassembly when the control subassembly is attached to the
power subassembly. 15. A motor drive method comprising: connecting a power subassembly
to an electric motor, the power subassembly including power electronic switches controllable to
provide corﬁr]oﬁéw%;equency AC power to an electric motor, and driver circuitry configured to apply
gate drive signals to the power electronic switches; and

1. A motor drive system comprising:

a power subassembly including power electronic switches controllable to provide
controlled frequency AC power to an electric motor, and driver circuitry configured to
apply gate drive signals to the power electronic switches; and

a contro] subassembly separable from the power subassembly but physically
configured to be toollessly attached to the power subassembly and to make electrical
connections with the power subassembly when attached, the control subassembly
including a user interface and control circuitry that, in operation, applies control signals

to the drive circuitry for controlling the power electronic switches.

2. The system of claim 1, wherein the power and control subassemblies
comprise mating multi-conductor connectors that mate when the control subassembly 1s
attached to the power subassembly to convey signals between the power and control

subassemblies.

3. The system of claim 2, wherein the multi-conductor connectors are hidden
between the power and control subassemblies when the control subassembly is attached

to the power subassembly.

4. The system of any one of the preceding claims, wherein the control
subassembly is configured to be removed from the power subassembly for connection to
a configuration station, and to be attached to the power subassembly following

configuration.

5. The system of claim 4, wherein the control subassembly comprises a

connector interface configured to be connected to the configuration station.
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toollessly attaching a programmed control subassembly to the power subassembly to make electrical
connections with the power subassembly, the control subassembly including a user interface and
control circuitry that, in operation, applies control signals to the drive circuitry for controlling the power
electronic switches. 16. The method of claim 15, comprising, prior to attaching the programmed
control subassembly to the power subassembly, configuring the control subassembly via a
configuration station connected to a connector interface on a side of the control subassembly that
faces the power subassembly when the control assembly is attached to the power subassembly.

17. The method of claim_ 16, comprising removing the control subassembly from the power
subassembly, re-éonfigufﬁf’gsﬁéegbﬁ%rg%b s‘é’g%ﬁ%l@/ 3?88%8%6@%%?%%& it Ose% 78-8ttaching the

ce, an
control subgigsembhe toditeop GuierssethBissambliices thd Gobre méthwehdf¢lavhed Gher dohtwherein the

connector intgrface i@inacceﬁsifﬂg gghen the cgntrol gybassembly is attached to the power
od

subassembﬁ’fl.asse T PRETRE of BH‘Q’%‘&% of elaims 15 to 18, wherein the power subassembly is

connected to the electric motor prior to attaching the programmed control subassembly to the power
subassembly. 7. The system of any one of the preceding claims, wherein the control
subassembly is configured to be attached to any one of a plurality of power subsections

of different size and power rating.

8. A motor drive system comprising:

a control subassembly separable from but physically configured to be toollessly
attached to a power subassembly and to make electrical connections with the power
subassembly when attached, the control subassembly including a wvser interface and
control circuitry that, in operation, applies control signals to drive circuitry within the
power subassembly for controlling power electronic switches to provide controlled

frequency AC power to an electric motor.

9. The system of claim 8,. wherein the control subassembly is configured to
be attached and to interface with any one of a plurality of power subsections of different

size and power rating.

10.  The system of claim 8 or 9, comprising a multi-conductor connector that
mates with a complementary connector of the power subassembly when the control
subassembly is attached to the power subassembly to convey signals between the power

and control subassemblies.
11.  The system of claim 10, wherein the multi-conductor connector is

disposed on a side of the control subassembly that faces the power subassembly when the

control subassembly is attached to the power subassembly.

17



20. The method of any one of claims 15 to 19, comprising selecting the power subassembly from a
plurality of power subassemblies of different size and rating depending upon the size and rating of the
electric motor, wherein the same control subassembly is configured to be attached to and to function
with any one of the plurality of power subassemblies.

12.  The system of any one of claims 8 to 11, wherein the control subassembly
is configured to be removed from the poWer subassembly for connection to a '
configuration station, and to be attached to the power subassembly following

configuration.

13.  The system of claim 12, wherein the control subassembly comprises a

connector interface configured to be connected to the configuration station.

14.  The system of claim 13, wherein the connector interface is disposed on a
side of the control subassembly that faces the power subassembly when the control

subassembly is attached to the power subassembly.

15. A motor drive method comprising:

connecting a power subassembly to an electric motor, the power subassembly
including power electronic swiiches controllable to provide controlled frequency AC
power to an electric motor, and driver circuitry configured to apply gate drive signals to
the power electronic switches; and

toollessly attaching a programmed control subassembly to the power subassembly
to make electrical connections with the power subassembly, the control subassembly
including a user interface and control circuitry that, in operation, applies control signals

to the drive circuitry for controlling the power electronic switches.

16.  The method of claim 15, comprising, prior to attaching the programmed
contro} subassembly to the power subassembly, configuring the control subassembly via
a configuration station connected o a connector interface on a side of the control
subassembly that faces the power subassembly when the control assembly is attached to

the power subassembly.
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17.  The method of claim 16, comprising removing the control subassembly
from the power subassembly, re-configuring the control subassembly via the connector

interface, and re-attaching the control subassembly to the power subassembly.

18. The method of claim 16 or 17, wherein the connector interface is

inaccessible when the control subassembly is attached to the power subassembly.

19.  The method of any one of claims 15 to 18, wherein the power
subassembly is connected to the electric motor prior to attaching the programmed control

subassembly to the power subassembly.

20.  The method of any one of claims 15 to 19, comprising selecting the power
subassembly from a plurality of power subassemblies of different size and rating
depending upon the size and rating of the electric motor, wherein the same control
subassembly is configured to be attached to and to function with any one of the plurality

of power subassemblies.
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