MOTOR DRIVE CONFIGURATION 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 and with different torques at different stages in its

operation. To accoRPAKS IS EERe RIS RBRENEREFYeS Daverhasn developed that allow

for output waveforms of varying and controllable frequency, capable of correspondingly varying the
speeds of driven motors. Similarly, equipment has been developed for soft starting motors, starting
and stoppirgAagtos@usantrolled manners, and so forth. Such motor drives are now ubiquitous
throughout industrial, commercial, shipping, material handling, and other applications. [0003]In

general, m%?fo?fivesrﬁé%%%é}ﬁ@ﬁ@&ﬁi&{%i%&g&f&%ﬁgy I{Sed![ifgei@}@téﬁﬁgﬁ)pfaoweréng electric
motors, and more particularly to a modular drive system designed and adapted for

controlling motors of various sizes and ratings.

[00602] 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 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 developed for soft
starting motors, starting and stopping motors in controlled manners, and so forth. Such
motor drives are 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 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.



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. 1000410ne particular challenge that arises in such
products is the design for various motor sizes, for facilitating programming, for sharing programming
and control parameters, and so forth. Most such products have been designed to power specific sizes

of motors (eiga|ly reRd Ry RoeiAUPHEPLIAM e $28). ADduhe SEE MuRLSEIeckapgk program the

appropriate product for the particular motor to be powered. All of the circuitry used to control power
electronic de@iess sieRin e BelEatings ppEampBeen fclsHEAR PO SirYB PAcREGeSPFHRjramming
has been dgne gither manaiAT RYRNEHAcR WIthR COioRrationicepewigpNewRe connected

to the unitary package. This product paradigm, however, suffers from drawbacks including limitations

of installatic #cEbAAGinARor AR HrRBLVREISHRN Ih e T2 B BRPOT RS TS Between

drives, in aGe@SSIHHiOMINSBrOEAMBIRHINELENES the SUMEURCATNIRIISI8BgbnRt80NVRISENe risks of
access to the drives from exterior sources due to resident ne WO{Fsec nnec%onﬁ%goo 51 Thereisa

need, therefdTe it Hfsr oY & Eeh AR TSP BRI G RISEH Y TGRS (HEY B RFe BREHd Yo Stin
drawbacks.iBfRIEd RERECRHBEIPNkage. Programming has been done either manually or by an

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 commisstoned, o,
conversely, risks of access to the drives from exterior sources due to resident network

connections.

[0005] There is a need, therefore, for improved techniques for driving electric motors that

can respond to such drawbacks.

BRIEF DESCRIPTION

[6006] The invention provides novel techniques for configuring a motor drive
designed to respond to such needs. In accordance with certain aspects of the invention, a
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. A
contro] subassembly is 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 subassembtly includes control circuitry
configured that, in operation, applies control signals to the drive circuitry for controlling

the power electronic switches. The control subassembly is configured to be coupled to a



[0006]The invention provides novel techniques for configuring a motor drive designed to respond to
such needs. In accordance with certain aspects of the invention, a 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. A control subassembly is 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 includes control circuitry configured that,
in operation, applies control signals to the drive circuitry for controlling the power electronic switches.

The control syhassembiisconfiowadiole compled Lam: canfigiiationRiation angcRmRAESes an

interface that identifies the motor drive system to the configuration station in conformance with a USB
mass storadi qenfisEaHea ston 7 ReHEEs ISR Wit SR shass slerecievift&lidn provides a motor

drive system that includes a control subassembly separable from a power subassembly but physically
configured jodagjattanhec séodanpewethsithassgrahly deditoemakepeleticcalmotnectiernystéth the power

SUbas e e Aache G RN, subAssa b ol ARR CONIRL B Y CORugd that In
operation, applies doRtrd Signalsto drive circ fryo the power subassembly for controlling an electric
motor. The garfipplstibasseabipabmpriges at lehstonbmatot comedkrolsitrcolperntitkiions parameters

for control of tieyglesttiemotarand e sefiowadds beroLpladacenfianallanstelign,for ranster of

a configuration file comprising the parameters from the configuration station via a dragand-drop file
transfer.  circuitry configured that, in operation, applies control signals to drive circuitry of the

power subassembly for controlling an electric motor. The control subassembly comprises
at least one motor control routine operating on parameters for control of the electric
motor and is configured to be coupled to a configuration station for transfer of a
configuration file comprising the parameters from the configuration station via a drag-

and-drop file transfer.

[0008] The invention also provides a motor drive method that comprises connecting a
control subassembly to a configuration station, the control subassembly being configured
1o be physically attached to a power subassernbly and to make electrical connections with
the power subassembly when attached. The control subassembly includes control
circuitry configured that, in operation, applies control signals to drive circuitry of the
power subassembly for controlling an electric motor. The control subassembly comprises
at least one motor control routine operating on parameters for control of the electric
motor. The control subassembly is recognized on the configuration station as a USB
mass storage class device. A configuration file comprising the parameters is then

transferred from the configuration station.

DRAWINGS

[0009] 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:



[0008]The invention also provides a motor drive method that comprises connecting a control
subassembly to a configuration station, the control subassembly being configured to be physically
attached to a power subassembly and to make electrical connections with the power subassembly
when attached. The control subassembly includes control circuitry configured that, in operation,
applies control signals to drive circuitry of the power subassembly for controlling an electric motor. The
control subassembly comprises at least one motor control routine operating on parameters for control
of the electric motor. The control subassembly is recognized on the configuration station as a USB
mass storage class device. A configuration file comprising the parameters is then transferred from the
configuratid(eeliBiG DIRAW G S 1 000 Tiesecanthpitng meatu s casyséuts jmactarfigaptages of the

present inv%mglon wil{sbgict%me better éﬁ\ndeéggood when the following detailed description is read with

aAspec € PIEsE 1 . . .
reference t0 the a%companyﬁﬂg d?aW|ngsq|n which like characters represent like parts throughout the

drawings, wherein: [00101 FIG. 1 is a perspective view of an exem Iar){ motor drive system in
accordancd WithldEie As b e SerPrsENRitisas Of the system of FIG. T with a control’sub-

assembly removed from a power sub-assembly;

[6012] 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 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



[0011] FIG. 2 is a similar perspective view of the system of FIG. 1 with a control subassembly removed
from a power sub-assembly; [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; 10013] FIG. 4 is an exemplary illustration of how the same control
sub-assembly may be used with different power sub-assemblies having different ratings; [00141 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 peogramraihed 0016 pBIGT Fuk-sssindtarwagcad dHatstratidnmufcbeniam futstitondPeircuits and

fles containggin f £ NIy BHAN SRIRAARHA ALPRI YR ARRMRhAIRY RASOhEImARNTiguration:
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
secured to the power sub-assembly via interfacing surfaces, such that the control sub-
assembly may be attached and detached form the power sub-assembly by hand and
without the use of fools. 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 to 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. Tn 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 control sub-assembly 14 does not contain the means for supplying its



[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

own power (e.g., a battery), but receives power from the power sub-assembly 12 when
the two are comnected. 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
sides of the control sub-assembly and power sub-assembly that face one another and are
exposed only when the sub-assemblies are separated, as indicated by reference numerals
24 and 26. That is, the facing sides are not accessible when the two sub-assemblies are

mated.

{0021} Although FIGS. 1-3 illustrate a control sub-assembiy that is generally co-
extensive with the power sub-assembly, it is presently contemplated that the same control
sub-assembly may serve to accommodate various power sub-assemblies that increase in
both size and rating. FIG. 4 illustrates three such arrangements. In the first, the control
sub-assembly 14 is shown over a power sub-assembly which is located behind the control
sub-assembly, the two sub-assemblies being generally co-extensive with 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 electric motor.



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 secured to the power sub-assembly via interfacing
surfaces, such that the control subassembly 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 subassembly greatly facilitates Programmingp, reprogramming, commissioning and servicing of -

the system TAR p&idltsvaressary 81 BT P A% GRS PIREEIRE SPEABEESENBN And may

allow for cegtainousarinterpetionsaithdhednivansushmsddoriawoeniigusatinnparamereiss alter
configuration parameters, view logs, hii§tory, error, an%oo her codes, view certai%é%erational
[

parameters<SE YT Gt e FUASRAG SO YIS SHL ShF L I, e D B‘F‘@géaf HRBEHM R, RBRE Gperator
interface caompaisessiy. LGRemodute tgtdupporsphivitipletanguages, vairidrstableotoedisgay parameter

codes followed tﬁi d %%ic cf}%scsgpttions. %)qm {Q\s shoglrgL in Iﬂ%j[e% tpece%gplgrollns%%-ag%%;nbly is
removable F5H" %é PRUBEERIRDR TS SIC AL i3t coigliration (programming): servicing, and
so forth. Assdisaissatdyneons dulytiaowortirel copedd solbimsse rmighemdyrbdirengotsdgirtsm the power
sub-assembiy,without discannacting; e BOWE!, SHOASSEIl from either the power supply (€.g.,
upstream p%wer cwcuﬁry or trom the e ectrlg motor once places in service. 10020] In the presently
contemplated embodiment, multi-conductor connectors mate when the control sub-assembly is

mounted orlt§RakiAkiscrrnerthtopo\rey subustasd Bl srrmatintibrddGne On i eEBddsembly 14

removed framybgRAwesHassRMbIY dnshabowsdbavoylineeristopsoangctoss deand 22 that
interface with one another when the two sub-assemblies are brought together to tra g{ié’ ower and

data betweBI RS TSI SOBa¥E ARy RPN ver SGHPASSE ML PPN 1K 5R #R8 ntly
contemplateghgreRadinenisthe caatmt subr-asseriblynkd does/hatconiadd, theomeahadar supplying its
own power (e.g., a battery), but.recei\t/es ower from the power §ub-%ssegglgt% &2 \fvhgg rttg]%\ two are
connected. FIBTETSP AR ELHLT S0B BBy i BePors S CBmputRiEHS, implements all control
routines, angnfetietates all contitihsigraltthatoare dppliessterthenppwerrggidiitmypovitiid theapower
sub-assembly (as described more fully bhelow) via multi-cond n : nectors 20
and 22 are %a}r%%/lf é%jgﬁlfssfd)elsmoﬁﬁes%%ér? fol Su ?gstfegﬁn%}ﬁloglﬁggr})ogv%}é%r rsﬁu %@@5@% ?ﬁgftzo ace one
another andtandaedp dspehdily whartthesulirassegivlic Sarbish she atstcradsintiezaéd vy wéference
numerals 24 and,26. That i I | [ Sub- lies are
mated. 1005%%%%@5@%: %éqglég?}lfﬁ%?g% aﬁ({%}ﬂ%&%&@gﬁnﬂﬁf ?ﬁ%%ﬁ%&fﬁggﬁ)enswe with
the power sUbeaksstfiilyiicisnresentiyecomentpriastina: oan sahseccdptisisusrasdombiyimay serve
to accommogate VALIoPSRQWE Haubsasseaklies that lowaassibbrtl sirgiandisatiag: b4 illustrates
three such arrangements. In the first, the control sub-assembly 14 is shown over a power

sub-assemBrpkirE ibadeaded Dannserife cHRwbPuBosEsentply e Bt ibhzarietBIR Y being
generally coraxtensivewith engianetherAs dngieatestyrefairngaay neials2&bandfaknbowever,
power sub-assemblies of larger sizes and ratings may be coupled to the same contro| sub-assembly
14. The poWBPSIbA&sBHbIESoRRE thPithe Pic BT sﬁﬁi%@%ﬁrﬁ?@i‘g‘?’ﬁﬁé %%’e%?ﬁ&ﬁk&ilﬁé;ﬂn the
control sub-agsamkiycis desigpeddayaliewder imniansspfodpiicussizessiorbeaidven Wwitthoutialtering the
hardware or circujtry within the control sub-assembly. Sduch larger sizes arg a}s(;o urSnod%t Dd only by
programmirfy EHAn GG THS BTHET ST A %é]ilﬁ% GC I PreEe Ry SoMtemplated-enibodiments, for
example, pewestauknsatsions: hipphginafiad3® bOwktoaR 2kell 0.5ttosBAply ab@O/d8@NE evithiglobal
voltage classes of 110y, 200V. §00N,and 800V, ma beaegommodaled by e Same Gapus!
sub-assemBly. Hi6weVer, other sizes anglﬁelg tings may, of coutse, be envi agecﬁ

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 include 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



100221 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 electric 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
subassembly based on the motor control routines and any further processing in the power
sub-assembly converts these control signals to timing signals for driving the gates of power electronic

switches wiltin bt ofer susyadisin R LR ORIy g & raPteRdRs Y Fe RISt ratddsd RIgPEmatically in

FIG. 5. As shown in &G Bple ROWET-RIp-RSSRIBPIYOL2 isiRsianedie seerivaRRWRE am a power
grid or main, or more generally from an input power supply. The power will t?ggically be applied by

conductors BFETSSES A RIS UATS B PRV BRI JRUPER TRBRINERE Mt dPFEMbte from an
electric moi@iithaiieariven Ry thpsusientitiaparatan lneeraitemaadinenis.and insgatiations, the
motor drive system may be rigidly mounted in a cabinet, on rails, or in any suitable manner. The
incoming pdW&Ffhay conform to various standards, depending upon the country or region in which the
system is utilized, but will typically provide single or three-phase input power that is applied to a
rectifier cirdi#28. Whbacbtifierteircwifry ¥aay bépassive ertaesvandndlddse dedickd wrayeallow for

regenerated pOyRY 18,09 APRISE NaRk iR, 19 ROWLSRHIGS I Gl tRAAeRRlBRlon i Reking of the

load). The rectifier circuit 32 produces DC output that is applied to a DC bus 34. Various conditioning

and support@edlitAbisatrhbd Gersraligin eréfefiveestitier i oaitagiiebrifee Pty fie DC bus.
As will be appraciatedaiBose sl lackinthg ailuSuoh CRaifeyIaviRe AR dRAH TR s@RaCItOrS,

resistors, and so forth. In general, inductors and capacitors may be utilized to store_energy in the DC

bus, and toSHOSINTAIEHERS OF Fitfie He e HEpHNTER i naPRssigretirhererilgurlfg certain
periods of oparationeResistorsspay.be providadfarmkingoudiasigating apergimanisadorth. DC
power from the DC bus is applied to an inverter circuit 38, or more generally fo a powerajg,nverter
circuit. The HRASHEPCiPBER &Iy PrARy TEIRE D SFET BoVE: MEcRBIS ABY &GBH & insulated
gate bipolakif@nsistotse(i4xB TEagsociatqmwithsdisdesmbhese paweleladt anitotwitehasare driven to
allow poweg&gic%?egrc%l QJE%P}Q? the reference numeral 44, that detect feedback parameters, such

as voltages, currents, position (electric motor) and so forth during operation. Signals to

and from the driver circuitry 42 and from the sensors 44 are provided to the control sub-

assembly via the multi-connectors discussed above.

{0025] The control sub-assembly 14 as illustrated in FIG. 5 comprises control circuitry
46 designed to implement one or more motor control routines based upon programmed
parameters stored within the control sub-assembly. The control circuiry 46 may
comprise any suitable processor or multiple processors, including micro-processors, field
programmable gate arrays, dedicated application specific integrated circuits, and so forth.
Memory circuitry, indicated generally by reference numeral 48 is associated with the
control circuitry and allows for storage of motor control routines, parameters referred fo
by the routines, as well as a vast array of other information that may be useful for
controlling and monitoring the motor. An operator interface 50 is further coupled to the
control circuitry to allow for access to certain parameters, for alteration of programming

and parameters, and so forth, such as via the operator interface illustrated in FIG. 1. One



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. [0024] In the illustration of FIG. 5, the power
sub-assembly 12 also includes driver circuitry 42. The driver circuitry 42 acts based upon control
signals received from the control sub-assembly to generate gate drive signals that are applied to the
power electronic switches of the inverter circuitry 38. Where a switched rectifier is provided, such
driver circuitry, or a separate circuit may similarly apply signals to the rectifier. The driver_circuitry 42
may base tAE fflRg BHEgdnteriaces sé?naﬂ%aﬁp)éﬁ é’ﬁ?/"b%e&refafa@mﬁ%{ S HLHHEIAY triangular
carrier wavegand@ihardechriques ganenllgkiomtifnibe @ty biohkly, theEganessutzdasembly 12
may include various sensors,.indicated collectively, by the reference merﬂ1 4, that detect feedback
parametersy SR OB egf‘&ﬁ%%gfgsogﬁf’é%cgél Y&f Fcar%egto%'%[h S0 Tor éduﬁﬂrgﬁ%%e?gtion. Signals
to and fromptléisliyevicitauitaid? aifdhfrovmetthepsbitsprelldd arbepdovid egstentiie tentrsiestibdssembly via
the m‘!'t"con{‘e“t%%h%}ﬁ%‘#?%df%‘a%?r‘ﬁ%ﬁ?eo%éﬁﬁ‘eeu%onc}f‘%! uR-BsReEDINGS 354l %te%i{‘ FIG. 5
comprises USRS et ry 46 designed to |mplemen% one or more motor control routines based upon
programmechparaimeterststor suciithidethies dontl olrsuhe trasdingly Firhd s onerol eiselisgyiad unay

compIise 2y BHIe RIOfE SR AL R RSP U L O ABeARAES el

programma ate arrays, dedicated application specific integrated circuits, and so forth. Memory
circuitry, inditettedegemerally prefsbindeonumersdaghe ssssciatdanithhgie ¥sambledirdlitdy and allows

for storage gf.eaglRy GARIGLIAUIES RACIRSRIRE Gk b songscamel amanast anay o

other information that may be useful for controlling and monitorin% the motor. An operator interface 50

is further cowplael fHenes eamtho it raonipdooR B POMAE EEwts B MBErReerS f8FesfSFation of

programming, aad patAMsIers. 3ds8a faRth censhuasvia drampertosistardacedbusizasasbia FIG. I. One
or more network interfaces 52 may be provided for similarly accessing certain in orm&tjﬁn from the

drive systefISticHmEraeh SRAF IR S A EIRSPN df FRe RS cBOVAF SUE AVSEERY dalas

é%change
protocol iNtgHAERS (BeOdriPe viceMe By giNetcRdolipus: Madbiigaeiedrdstbediat capatility allows
the drive system to be integrated into an EtherNet IP infrastructure, and the use of a dual port
EtherNet cé}ﬂv?ﬁ%\/ 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 interf{8@hiEEhE, abueswittier oM oitsiddlthedinensysiy whsprpsedh Beimifva Presently

contemplated smBPCmEt A NEhvAt TGRS 2. Ae. eSS SIRIENNE? thg.Caakatsubpssembly i
Y

mounted on th wer sub-assembly, whileé the USB interface, which allows for file transfer and

configuratiotrofigheatinve 49sterivndmbBlGctetamrniinlcad tsehirdisisakedripnysd fEfoved from
the power sgR-assembly . \Whess desiredatheiskiverystarmimayhe psotactesbiiy theruseax,passwords
or other security devices. )

then, a cover or internal portion of the control sub-assembly may be removed, as

indicated by reference numeral 56. Within the contro] 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.



100261 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 configuration. As shown in FIG. 6,
the control sub-assembly 14 may be removed from the power sub-assembly by withdrawing it from the
interface 16. As shown in FIG. 6A, then, a cover or 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 8938k 10 35 PEtampEvIE AOPSS HYi L2 ST R I TBIIPh S USRI SR8Y WS E ISR %6 4 effectively
tethers the £QpielsHiiassRmbliiadbetiSk capletl asdndicatedrnetdd. Hid. ihhellekb Buzable may be

coupled to a configuration station, such as a general purpose computer as jndicated by reference
numeral 66PFYERBIERS PO IR CORIANER" Pfﬁrggpeecécilftﬂ%% pa?gf“slelr\tlt1 éjgﬁar#éelf‘i%?ﬁo{tﬁgnly may the
power subassembly-and:abntio! sitara ssehellis Be-sepatiate Yisnouededosonheptetcahd, imstalled, but
programming of the control sub-assembly may be facilitated after.it is detached fro wer
sub-assemg%sﬁg}%e%eg’fpj%e% §§%c°6$11%§8% o GiSE S HS Sova TN Sarticular-\n Erlp bltr%ztgﬁly
contemplateshesnbaodiriteint, tHeecpnocd ssing ssizabityy 2o ithe rtact direditassorthiriedidetkiiy the control
sub-assembly allgw the contralsut-Assebly a0y fselhinacaardance it itlSPRass storage
device class. ,&s succh, conventional file access software running on the configuration station will
recognize theesntolsutsassennglyandandcbewapsssttinlvevst trrsessiteolstsoassd nidly will appear

on the configuizlian SIRlRR WHRTREMEAE GNRICLIRBNSANAREINGA 1A WRRsablent00291

Certain exemplaryfunctional components for such functionality are illustrated generally in FIG. 7. As
shown in Frenfigensienstrsbsunlerdeniniy g camisadesp seedshy e iraiiPestihich may form part
of the control circuitry within the subassembly as discussed above. The processing circuitry 68 has
access to memoyeeuitinkdSphucumearsary exapithyimaivstarehvanotisnaiatorcoiistroetines as
indicated by reference numeral 70. In presentl n lated embadiments, these motor control
routines ar@ﬁ?@?ﬁgd’é’d%{ﬁhgg cdgﬁrg&ilgﬁﬁ-é%sér%%é?gr}%r 8“%7%%1%%%? Sc?r&tgr rs. The motor control
routines mayrdoelsicle, forexantsleyokismer etz sensdilessegotbreaoninol, figldotenteld-control,
permanent mag?n

t motor support, and.closed-loop fee Ek%?kﬁ ithan gig@h&:&g%qr Mgreover,
control paraarsr%g er:"?eisy 72 ‘élrsec%stsc[)érae%%f)ry %%ﬁrlﬁaeprﬁ%c@s%ﬁ t%lltl}%/él d \grgalsjseéé%y the motor gontrcﬁ routine
during operégionS dohreqitate applicasionayf deive Signassnotihecpairrelsaiesric teitetes Within the

powier subassemly- R aFuReed P BRNinieSs SOoh PR AMRBIRIRITAY RespreRadeshRbr (0

St Sub J Ju ;
configurati e drive system, or one or more of the parameters may be altered and installed by
virtue of theredirosrempecdpaiedcontiot saptelsemsnseablUBE MRsshastac s clakE. The

control sub-assembly firtherincudes aLS® interfacefdas discyssafapovantbatallewsdor the

supply of data and power from the configuration station when the two are connected.
control, field oriented control, permanent magnet motor support, and closed-loop

feedback with an optical encoder. Moreover, control parameters 72 are stored in the
memory circuitry and are used by the motor control routine during operation, to regulate
application of drive signals to the power electronic devices within the power sub-
assembly. As discussed below, these control parameters may be pre-loaded prior to
configuration of the drive system, or one or more of the parameters may be altered and
installed by virtue of the conformance of the control sub-assembly to a USB mass storage
device class. The control sub-assembly further includes a USB interface 54 as discussed
above that allows for the supply of data and power from the configuration station when

the two are connected.
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[0030] The configuration station 66 as shown in FIG. 7 includes processing circuitry 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. It should be noted that such documentation files may also be stored in the
memory circuitry of the control sub-assembly (and accessed by connection to the configuration
station). Operatqr._interface circuitry 82 allows tsgle racessing circuifry to send and receive, signals to
ancillary deVidY, TR0 iﬁua?gﬁfégt%t}%g%i%r ﬂfggnlgegr%'gr ir%(%?éﬁ%ﬁﬁ%cgﬁ%ngu%ﬁ | v%es as
indicated byhreterencess unesat&6.chinatty, 2 UBR: ineréadeB8ratiavys/ fommtercundgstidmef the control
sub-assembly 14 with the configuration station 66, [0031] As noted above, the,configuratign

- 150 o
sub-assemB%ﬂﬁ‘%anm %tgglgllic?(z)% igaﬁrlgt? r%lb(je%‘?fnén oF r“ﬁlgpé érl\%élré)er\}\? %lléfhaal 0\{/:vs { ?8 gelf-ldentn‘y to
the configupatiorsstatiopuas awilb Bichaksadtonage previseingdseowiyonsk monnec @iy dentrol
sub-assembly will,cayisg, dhe oRerRoK nteriace Spand dirplavifdi0,shay anlcan.IG presentative of
the motor Cﬁ’lvg}% selecting this icon, a user may access information within the control subassembly
in accordarrecamittecifitessi8red welhias dravivppieitenifilea8s meisebpteftrsashiayrsedréh for and
identify ong0umore icopsenipseniativeaibadies e yythitmemeneitaUity flalniine illustrated

embodiment, a parameter file icon 92 is shown corresponding to the parameter file 78. In certain
embodimersissuie Rirtha @itk sy serRlvelvad #osssddmsamseaaBro derrsd S8 %ternal

memory or Hemery epvces instalied withinthessonfiguatiensstatiamOcnansriginaigifram any other
source. Moreover, in certain embodiments the parameter file may be accessed on the configuration
station and'SfEFEFEE LR AR ARRFERCRAS Bt SRIAYPHIRIMIY 58 1AINs T & B%Te
configuratigRssiatiandaypasievpesdiagransdrep fieicanstenapergiorasiperaiissl byethed SB mass
storage device standards. While further cio figuratic()%f m%y take Qlagg, or h% basicfconfiguration may
take place BY 4U0%Ss 1 REFHORAGEIRBIET BgufShiEH: TebighsLy/ SRS ERERIE Bnnection),
the use of thewemmlled access USB port may tend to reduce risks of unwanted or inappropriate
access once the drive is programmed and commissioned. 100321 It should be noted that a number of

useful conigiiaon, a0 AATMING.SAIMALE RACKAGER A 19 USRHWII e, aipiem for

standard and customized configuration. For example, many parameters for common motor
application§esaprregradeadavertoviriehcalons! & uhssHsemmBipy ©rhrogrHmEirBy HOUSE port as

described heggin, sUchRs.fos drivinofansnPHAE $oRABMEY Ofiss FaiEsSsilowasshandsacforh. Software
packages for facilitating such configuration are commercially available from Rockwell Automation of

Milwaukee, NFiSEER4M IerEch82cHffisRlR B Lgthatb ASEY W ERICTRIALS S BfdRg%nd

customizingigftheparameetars mayda faciijateshyusaolaueh spfivardiools asGustomyiewTm
using Connected Component WorkbenchTM %(t)ftwgre also available frgn:lgll?ﬁ?ckwell utomation.
p

Integration HRFFRYSRMACEHAB SIS MEHB SRS f’%%%%%%%‘étﬁyo &8V &lch s Provided in
RSLogixTM:kR0QsofiviiarafiomeRifokwelloAutoraations Syuaisqnefilesdliow foeraduetionthin
programming time by automatically populating,impprtant information such as paggmeters and tags.
Such softwg%én?'ﬂ%/%fgglgﬂ%‘foina%%o%%%éa%tgc i%)rﬁfll 0 er%p%@%ﬁ%ﬁ%%ﬁ? eelcc(gxh rollssﬁﬁg‘ggembly o)
that all configteationdpar amnéie primaytdelito Rl oadealagli mirating dhie, nee ddomeian fidd may
re-configuration. [0033] FIG, 8 illustrates.exemplary;logic 94 for pr ing t e -assembly
and controﬁ%euﬁeia%gﬁ ?}I/n d%ﬁ%%%%s%?é’f%ﬁ ,r?:%rﬁ’iéau?ﬁ%r?%ﬁ%%%%%ﬁ%%&%ir%r%%wng?%%%ove, the
separate aﬁﬂﬂyﬂﬁdh@iﬁbwehsubl@@mbw arrioonrolseh-assewiblraiio ek otV eosts-assembly to
e separatqly lagialiedy gl fesiiBdafiam{hecoplinhabasRMbly The RANELAUBASIRMbIY may

thus be wired to upstream power supply circuitry and to the electric motor to be powered, while the

control sub-<sedtsmisiom aiptien sreshrtisiedes detiedsalfiEmmely Bienude HeuBsHriRiBI Sften take
place in quite different SettingsrihgARNNM IR 8sessithadwR supRepINeR: AeRARGMIBIY add

efficiency and convenience to the installation process. Moreover, one or more sub- |
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

1



assemblies may be configured in a controlled environment while power sub-assemblies are being
installed at the site of the application. Still further, in the event of replacement 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 subassemblies to be separately purchased,
stocked, and installed with control sub-assemblies being essentially interchangeable between power
sub-assemblies with the exception of any settings and parameters that are unique to the size, rating
and operational characteristics of the motor. to owered. [0034] As wn in FIG, 8, pracessing of
the power $iBBEse B‘fﬁ a%siﬁlc?l85@7369%%eréfﬁq\gilpﬁgﬁg}%crgge@hlﬁ%rﬁ{eursael gr'?ﬁyo/ q@é%dvsﬁ e?rsmunting the
power sub-Hs&noblyrk§Qdndapprdpriatestecdtiony anslosurepangsatfothestvaedhefof sib-assembly
may then ber(\)/vilrgd to(gellg CainrglrSSgg I generally, to upstream or incoming circuitry as indicated by
reference runeral 10 , 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. 100351

Processing 4%t fberidide orsd Bre) ByBbSE b th£PEie 3R Mid RSP EEps as

indicated byyefarenss marperal9 S siatingwithidetashmsstaf the conldalcubassambly-iom the
power sub-assemblé, if it was previously attached, as igdicated at reference numeral 106. Here again,

the control S Iy L B Bl ERBY RS B HEN &P BB A SESHb RPBY MBI foving it
(i.e., by hang).nqasticeiihedodaweasembly ber pusghased by shipirRl sepatadelyribednay arrive in
a single package but with the control sub-assembly unmounted. The control sub-asser may then
e connbctit QotitbMig B tgH SBahead TR a et 5 PeterERE e s B amor A he USB
port discussedaheveavkithefereficditatilCGaush Rontdgiamiod adee arenthencpribyisledl#bleh&@ontrol
sub-assemply s dicaied atstep LR asnatedabone, g 6antiel SuaRsAmPheMAkag! have its
own separate power source, suc that input power may be required f%r'accessmg Information,
powering thieppidiceddindvaireuity, calitthg anfoeitstdm i dabe pakhm 88Broen he diohtbistlsen the

configuratiop, statign, and i COBIC| SRsRASETBRM MY PEQYIHE Rl AR, Al AL RBMRI 8 least

temporarily, for operation of the control sub-assembly. As indicated at step 112, then, the control
subassembiyfisitappbar asidrbleoioon Brslevellighvirmatismtiolnisgrolitte witkharegisremiblce of the

control subsassemRly Willh-therstandasds et thenUp&imasssiosageRikaBmass sieragendevice class.

Various operations may then be performed by interacting with the icon, such as enumerating certain

data on thesedtien SigmRedmsl Adtenating carthinrpslehadoudar Jedertionds Morared a8 step 114,
one of thesg,ppefatigamnaminchvaRdiagnanssomianvesotacRaamatendiesiam hgs.

configuration station to the control sub-assembly. Once selected by the us%, then, thg fi}l};{is

transferred SHOhIPHATSMABHE AHeR tHEAHOBREs AT RIS IPE RPISHRAY & tRE ORI Hiion
sub-assemblycaliey within he configuasiopsubassamny addwo daddd, klshoulthg|de keadoted,
however, that certain of these operations may be limited or disallowed, and access to the control
sub-assembfy FERPANTEF" ggﬂ%ﬁ’,nbe limited by passwords and other security devices.

[0033] FIG. 8 illustrates exemplary logic 94 for processing the power sub-assembly and
control sub-assembly during installation, configuration and commissioning. As noted
above, the separate ability of the power sub-assembly and control sub-assembly allow the
power sub-assembly to be scparately installed, where desired, from the control sub-
assembly. The power sub-assembly may thus be wired to upstream power supply
circuitry and to the electric motor to be powered, 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 may add

efficiency and convenience to the installation process. Moreover, one or more sub-
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10036] Once the file transfer is complete, the user may determine whether all desired configuration,
parameter checks and selections, and so forth have been performed as indicated at step 118, and if
not, the user may continue with such operations by returning to one of the previous steps. Once the
configuration is complete, the control subassembly 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
subassembly 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, includi t] i lanalityjand se.farth, Qneseemmissioning
is com pletéfs?%é‘%é}?eemr%}éﬁ %goéﬁ%ﬁgl Ig]g%gfﬁ%ﬁggt%%‘fgtg g?e%ﬁﬁgﬁ 1 lIf rg% any timét thereéfter
configuratiereibsiohmsitérd dicherateohths! armistembiyilh forberrépBesycreeb MRS A may be

easily fefor%%ﬁrm@%%ﬂbﬁ Rnk28nSuehesantigweation B inslads s moyal:obiie control

sub-assem rom the power sub-assembly and re-accessing of the parameters as indicated above,

transfer of parrREIE Avit FARSERLINHTEAYHRY AHEPe gt SRR SHERRS e A LB R uration may

occur directly.andimapuallyiy inerestingwitbstbe aperateniniestansonithe gontahaiussembly.
Moreover, in certain embodiments, changes and configurationfﬁgay be ggrforr%ed bé@fcessing the
control subSESERHB BT @I RETHERb R T etibm e il TR SASL IR0 F55FPL While only

certain featyugs QtihainMention hayedbaspdiussraped - anshtesceibslichertin (many¢podificiitions and
changes will occur to those skilled in the art. It is, therefare, f% be understood that the‘a}%D%Fnded claims

are intendeio SOVBERIPRG CRAMGMIFERIIE 41t BRNGe LadBSinitt e 1l sphtt of the invention.

CLAIMS: 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 méy 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.

[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
controf sub-assembly from the power sub-assembly, if it was previously attached, as
indicated at reference numeral 106. Here again, the c-ontrol 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
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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 attached to the power
subassembly and to make electrical connections with the power subassembly when attached, the
control subassembly including control circuitry configured that, in operation, applies control signals to
the drive circuitry for controlling the power electronic switches, the control subassembly being

configured jo e cpupled ta.a.capfiueasion statien andeAmRFISIng,ABRISSTRSEAAL idaniies the motor

drive system to the configuration station in conformance with a USB mass storage device class. 2.
The systenvofothimbtastebbinotas coptio Suthasdsndbly bsmprises at least wawpisdY-cBYtrol routine

operating of) BArAMEIEN: 05 EANREf I BIECUIS MElBlied o 3BNA SYSIEM AL a2 suherein the

control subassembly is configured to receive the parameters for control of the electric motor by
transfer of astitahbiyihannsafiguAatisnnseaba conligurating SHERIMPHIERMY SR FEMEFIARfile transfer

may be perfermedhya dRLaRdERoR ARarRtiemaRte coRfiaualignstatiohse a USB mass
storage device class. Various operations may then be performed by interacting with the
icon, such as enumerating certain data on the control sub-assembly, accessing certain
routines, and so forth. As indicated at step 114, one of these operations may include a
drag-and-drop transfer of a parameter file from the configuration station to the conirol
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.

j0636] Once the file transfer is complete, the user may determine whether all desired
configuration, parameter checks and selections, and so forth have been performed as
indicated at step 118, and if not, 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 normally as indicated 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

14



5. The system of any one of the preceding claims, wherein the control subassembly is configured via
the configuration station by removal of the control subassembly from the power subassembly. 6.
The system of any one of the preceding claims, wherein the control subsection comprises a USB port
for connection to the configuration station. 7. The system of claim 6, wherein the USB port is
located on a side of the control subsection facing the power subsection when the control subsection is
attached to the power subsection. 8. The system of claim 6, wherein the USB port is inaccessible
when the control subsection is attached to the power subsection. 9. The system of any one of
claims 1 to 5, wherein,the ont(riollngll{ltl)aﬁ%cjzgon is_confi urﬁg H:l)ebe acgess?g tgé/ethe onfi%%”iltion station

. ccur directly an mferacting w operator 1 on ihe co
via a netwollf’?(al}(n . ¥ Y P

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.

[0637] 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.
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10. A motor drive system comprising: a control subassembly separable from a power subassembly
but physically configured to be attached to a power subassembly and to make electrical connections
with the power subassembly when attached, the control subassembly including control circuitry
configured that, in operation, applies control signals to drive circuitry of the power subassembly for
controlling an electric motor, the control subassembly comprising at least one motor control routine
operating on parameters for control of the electric motor and being configured to be coupled to a
configuration station for transfer of a configuration file comprising the parameters from the
configuratiqry gtatisn via a dragand-drop file transfer. 11. The system of claim 10, wherein the
control subassembly is configured to be physically coupled to the configuration station via a wired

connection. éz Th%ﬁ%ﬁ#@%ﬁ@@@&k&%o‘ﬂﬂ?ﬁ the control subassembly is configured to be
physically coupled to the configurationstation only when removed from the power subsection. 13.

The system of claiaosnahbsesienthly teHudnsuaEtsiioRiCoNHighge dor iappRisrttortvEidnfiguration
station as g |{BiMAiR GICHRIeelaRdeYifen clectric 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 attached to the power subassembly and to make electrical connections
with the power subassembly when attached, the control subassembly including control
circuitry configured that, in operation, applies control signals to the drive circuitry for
controlling the power electronic switches, the control subassembly being cohﬁgured to be
coupled to a configuration station and comprising an interface that identifies the motor
drive system to the configuration station in conformance with a USB mass storage device

class,

2. The system of claim 1, wherein the contro! subassembly comprises at least

one motor control routine operating on parameters for control of the electric motor.

3. The system of claim 2, wherein the control subassembly is configured to
receive the parameters for control of the electric motor by transfer of a file from the

configuration station.

4, The system of claim 3, wherein the file transfer may be performed by a

drag-and-drop operation on the configuration station.
5. The system of any one of the preceding claims, wherein the control

subassembly is configured via the configuration station by removal of the control

subassembly from the power subassembly.
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14. The system of claim 13, wherein the control subsection comprises a USB port for connection to the
configuration station. 15. The system of claim 14, wherein the USB port is located on a side of the
control subsection facing the power subsection when the control subsection is attached to the power
subsection. 16. The system of claim 14, wherein the USB port is inaccessible when the control
subsection is attached to the power subsection 17. A motor drive method comprising:

connecting a control subassembly to a configuration station, the control subassembly being configured
to be physically attached to a power subassembly and to make electrical connections with the power
subassembly whe attactied s{ke:mostrahsubassanmbly paaleding cantrol ciketitry teniigured that, in

operation, applies control si ngl@é%dri\r/te (g;rircuit_r CQgrt1 e power lubgtsggr;gbt%lflor controlling an electric
motor, the SOMYOF UL BETRLISTSH oM BREING SPTBSLAhE RS G eSSt  operating on parameters
for control of the electric motor; recognizing the control subassembly on the configuration station
as a USB mass Stp‘rage ﬂ%sgygt%\xﬁco 8&‘%1 6, wherein the USB port is located on a side of the

control subsection facing the power subsection when the control subsection is attached to

the power subsection.

8. The system of claim 6, wherein the USB port is inaccessible when the

control subsection is attached to the power subsection.

9. The system of any one of claims 1 to 5, wherein the control subsection is

configured to be accessed by the configuration station via a network link.

10. A motor drive system comprising:

a control subassembly separable from a power subassembly but physically
configured to be attached to a power subassembly and to make electrical connections
with the power subassembly when attached, the control subassembly including control
circuitry configured that, in operation, applies control signals to drive circuitry of the
power subassembly for controlling an electric motor, the control subassembly comprising
at least one motor control routine operaiing on parameters for control of the electric
motor and being configured to be coupled to a configuration station for transfer of a
configuration file comprising the parameters from the configuration station via a drag-

and-drop file transfer.

11.  The system of claim 10, wherein the contro} subassembly is configured to

be physically coupled to the configuration station via a wired connection.

17



transferring a configuration file comprising the parameters from the configuration station. 18. The
motor drive method of claim 17, wherein the configuration file is transferred from the configuration
station to the control subassembly via a drag-and-drop file transfer. 19. The motor drive method of
claim 17 or 18, wherein the control subassembly is removed from the power subassembly for
connection to the configuration station. 20. The motor drive method of any one of claims 17 to 19,
wherein the configuration station is connected to the control subassembly via a USB port that is
inaccessible when the control subassembly is attached to the power subassembly.

12, The system of claim 11, wherein the control subassembly is configured to

be physically coupled to the configuration station only when removed from the power

subsection.

13.  The system of claim 10, wherein the control subassembly is configured to

appear to the configuration station as a USB mass storage class device.

14.  The system of claim 13, wherein the control subsection comprises a USB

port for connection to the configuration station.

15, The system of claim 14, wherein the USB port is located on a side of the
control subsection facing the power subsection when the control subsection is attached to

the power subsection.

16.  The system of claim 14, wherein the USB port is inaccessible when the

control subsection is attached to the power subsection

17. A motor drive method comprising:

connecting a control subassembly to a configuration station, the control
subassembly being configured to be physically attached to a power subassembly and to
make electrical connections with the power subassembly when attached, the control
subassembly including control circuitry configured that, in operation, applies control
signals to drive circuitry of the power subassembly for controlling an electric motor, the
control subassembly comprising at least one motor control routine operating on
parameters for control of the electric motor;

recognizing the control subassembly on the configuration station as a USB mass
storage class device; and

transferring a configuration file comprising the parameters from the configuration

station.
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18.  The motor drive method of claim 17, wherein the configuration file is
transferred from the configuration station to the control subassembly via a drag-and-drop

file transfer.

19. The motor drive method of claim 17 or 18, wherein the control
subassembly is removed from the power subassembly for connection to the cdnﬁguration

station.
20. The motor drive method of any one of claims 17 to 19, wherein the

configuration station is connected to the control subassembly via a- USB port that is

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

19



