MOTOR DRIVE WITH INHERENT POWER ISOLATION BACKGROUND 100011 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 motorsvaenostm Ry driMem Adratimay val torsaifanmespeed 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
accommod&& Shéhtteetid) 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 motoigp(RimiiaslyrQamnmentibasdpaen develoned tﬁﬁ@%&@rﬂ&%ﬂ%&?ﬁﬁé@i@@ﬂi@nd stopping
motors in controlled manners, and so forth. Such motar drives are now ubiquitous throughout

industrial, CBYRTEraf SHMiFpRg tiftEinatandyladismeysippiretisn pobafenteddetal, motor

drives are desighBHh inRIRYIdS 9easusatyicealiteritiadange 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 w tq output conditioned power to the, electric motor. Such packaged products typically
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properties, Itl)%r?yf(a)}gpcl?&}triglnlseyeeqlu%i“g rﬁ%llsc:}?%goggrfpe%%% %I(%r‘gr%f '%%glt 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 put to 2 DC form, before reconverting the DC power to controlled
frequency AC output. Various operator interfaces and programming piatf(;nns may

also be provided, as well as networking capabilities.

[0004)] One particular challenge that arises in such products is the design for various
components of the package that allow for ease of manufacturing, while providing

desired electrical properties, both for control level signals and for power signals. For



example, low level logic signals will typically be used for certain control, such as on the order of 5v DC
or less, while higher voltage signals, such as on the order of 110v AC, 220v AC, or three-phase 440v
AC may be used for powering the driven motor. The actual voltages (and frequencies and currents)
may vary depending upon the standards in the countries or areas where the equipment is used.
However, all such equipment must accommodate both high and low level signals. [0005] In many

systems, optesapRlers-ANd Qinibd signal isdlption-deyicesearheusad 1o separalensignals of different
levels, particularly logic signals from power signals and boards. Such devices can add significantly to

the cost of th& hent Haticsrsr iirchighs vple gt sierplvicushare Hlictr dAdESVRY, providing

proper isolation zn, digtareeBredifindda ACkaDas HeN asibB RO ARETAIORINS facRsand powered
circuit boards is alwags a challenge. 100061 There is a need, therefore, for improved techniques for

driving electite SRS YRYPESH (h SaUensifenMdsiIEREIREE s BR ASRBEBE RIPTIBR 100071 The

present invenRtida-BsaMides e moiRs dhivesysiam ek ngihad desioned toHesReBd i these needs. In
accordance with aspects of the invention, a motor drive system comprises a motor drive comprising a

control subSSSEERHEI ARsHPERUTIPBlFPSHb et iRy £RRKIgBHSge region and a low voltage

region, and a housing having an interior in which the control sub-assembly main circuit board is
disposed. AtlHgt lanm component, isplispagdednathi shtetiorandidesiprned xbeacsassed by an
operator durgré% ipost%llaé[igtn and/oi%m?irdt%nan(%el of #he malgttorldr'ive %nd a balirie Is disposed in the
housing to it aCc&EEtd %‘h%l%llla vooltalgemffélbioﬁvg n8CoRrd é’ug)-‘algsséll%r}iﬁ)? A AUt board while

allowing acsesaltoatine tataest S clavipanent.add significantly to the cost of the equipment,
particularly where multiple such devices are needed. Moreover, providing proper
isolation and distances within the packages, such as between operator interfaces and

powered circuit boards is always a challenge.

[0006] There is a need, therefore, for improved techniques for driving electric motors

that can respond to such design challenges.

BRIEF DESCRIPTION

[0007]  The present invention provides a motor drive system and method designed
to respond to these needs. In accordance with aspects of the invention, a motor drive
system comprises a motor drive comprising a control sub-assembly main circuit board
subdivided into a high voltage region and a low voltage region, and a housing having
an interior in which the control sub-assembly main circuit board is disposed. At least
one component is disposed in the interior and designed to be accessed by an operator
during installation and/or maintenance of the motor drive, and a barrier is disposed in
the housing to limit access to the high voltage region of the control sub-assembly

main circuit board while allowing access to the at least one component.

[0008] In accordance with other aspects of the invention, a motor drive system
comprises a motor drive that includes a control sub-assembly main circuit board
subdivided into a high voltage region and a low voltage region, and a housing with an

interior 1n which the control sub-assembly main circuit board is disposed. At least



[0008] In accordance with other aspects of the invention, a motor drive system comprises a motor
drive that includes a control sub-assembly main circuit board subdivided into a high voltage region and
a low voltage region, and a housing with an interior in which the control sub-assembly main circuit
board is disposed. At least one component is disposed in the interior and designed to be accessed by
an operator during installation and/or maintenance of the motor drive, and a barrier is disposed in the

housing to bimitaseasieie thaibiehooliage regian ahihesenkeks H-assaralyynaibséiewt board while
allowing access to the at least gne component. An operator interface is disposed over the high voltage

region of the"CBIBH B SRR MAAMCRRES: HoaramMes i atE? T Bpdrichibriace is

limited by thgbastigheans Ny reiadhie:haHSIREEOrIRKSS $e3RGEI DY PleiRgarsthabpicds®ia desired
spacing between the surface of the gperator interface and an underlying circuit board. [0009] The

invention afE BroNRIESBRAHOISP R T CEIMBASHTE 4 LMYl Kbt 8EeBINNEh CRcBRBUSTd subdivided
into a high vieke@esreginshansliaiaw Hellage regiorn: aipdoa ROUBINGER] antniesarii, witah the control
sub-assembly main circuit board is disposed. An operator [nterface is disposed over the gigh voltage
region of th@réBfﬁHﬂ%ﬂb%%ré?ﬁbW%iﬁoc%@uﬂpﬁ ?&,Wﬁ’én?@ﬁ] ]ﬁw%lﬂg %6 ¥s & array of

integral spripgeptfHciieesdhaharesiaforpedhiian qpengtes imerastinglwith tsiiatedpaan PRAWINGS
[ONO] These and ogler featurefg aspects, and a%ivant ges of tk%ia present inventjon will become better
understood HeSSNERRRRG %ﬂ@ﬁlﬁfgéb‘?fﬁ? G2 4R Wit etBenEEth ccompanying

drawings in which like characters represent like parts throughout the drawings, wherein: [0011] FIG. 1
is a perspe¢tiv@dyidheohaeneremplanronsior dnvesystem dnmpdsitgaaceith agpestsnoflthe present

teChniqueS;main circuit board subdivided into a high voltage region and a low voltage region, and
a housing with an interior in which the control sub-assembly main circuit board is
disposed. An operator interface is disposed over the high voltage region of the
control sub-assembly main circunit board, wherein the housing comprises an array of
integral spring structures that are deformed by an operator interacting with the

interface.

DRAWINGS

[0010] 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:

[0011] FIG. 1 is a perspective view of an exemplary motor drive system in

accordance with aspects of the present techniques;

[0012] FIG. 2 is a similar perspective view of the system of FIG. 1 with a control sub-

assembly removed from a power sub-assembly;

[6013] FIG. 3 is a perspective view of the confrol sub-assembly and power sub-
assembly illustrating internal plug-in connectors for mating the two and for the

exchange of signals between the two;



[0012] 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. 3 is a perspective view of the control sub-assembly and
power subassembly illustrating internal plug-in connectors for mating the two and for the exchange of
signals between the two; [0014] FIG. 4 is an exemplary illustration of how the same control
sub-assembly may be used with different power sub-assemblies having different ratings; [0015] FIG. 5

is a diagranjosatita@presentatianpiseanaipr-aidhe fioetianataiie winteostainesinthapgwer
sub-assembly and control sub-assembly; [0016] FIG. 6 is a top perspective view of the control

sub-assemBYy WhH Wb S EETEr A0 sh RIS s Savesn BHERE TEHBYE: [0017] FIG. 7 is a bottom

perspective exploded view of the control sub-assembly illustrating the housing, interface board, and
main circuit[b6asd BiGhé conticigsatbassaniblypresentation of certain of the functional circuitry

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

[0016] FIG. 6 is a top perspective view of the control sub-assembly with a top cover

and operator interface membrane removed,

[0017] FIG. 7 1s a bottom perspective exploded view of the control sub-assembly
illustrating the housing, interface board, and main circuit board of the control sub-

assembly;

[0018] FIG. 8 is a more detailed view of the housing and illustrating an exemplary

embodiment of integral spring structures for the operator interface;

[0619] FIG. 9 is a more detailed exploded view of the spring structures along with

integral plungers and tact switches; and

[0020] FIG. 10 is a sectional view illustrating how the plungers and tact switches

interact in the assembled control sub-assembly.

DETAILED DESCRIPTION

[0021] 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 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 tools. This ability to toollessly



[0018] FIG. 8 is a more detailed view of the housing and illustrating an exemplary embodiment of
integral spring structures for the operator interface; [0019] FIG. 9 is a more detailed exploded view of
the spring structures along with integral plungers and tact switches; and [0020] FIG. 10 is a sectional
view illustrating how the plungers and tact switches interact in the assembled control sub-assembly.
DETAILED DESCRIPTION [0021] FIG. 1 illustrates an exemplary motor drive system 10 designed to

power an elgeltic MALOT Riudh aSRN FKCIORYPALQETNG naetan drive-ayistem %ﬁ%&@ﬂﬁ% onsists of a

power sub-assembly 12 and a control sub-assembly 14 which is designed to be Securedto and
attached to TFREPSEMER i -HEBBHBI IS AR OTSEY DS OAthssusignc af sttt istaIfesss! for mating of

the sub-assgrakbies 8pd thegaalobsubassemhivumaysbehield.ninihaiBewet seksassempbly in
various manners, such as via snaps, fasteners, and the like. However, in a presently contemplated

embodimentfHactisRtrorélio-Bss etk afifthetholteVsiih-£sadiapytior: psReEMscotiGured to allow

the control syhrasserBRiPRR-REEULREHIOITNE, POV SURBsSEMbiy A Wtrfacing sufages, such that
the control sub-assembly may be attached and detached form the power sub-assembly by hand and

without the PREBFRBISTAREEHIIit§-So (HHNERESH Vakipess-anseislasrduse dovivol BuB-BESERblY greatly

facilitates pepgFamAiRg (ReRFRGEAR MiRgrcoPkissiring potsaodaieg:l mﬁgﬁaﬁg@ﬂhﬁa@perator
interface 18 is shown on a front face of the control sub-asserr‘lft%g and may allow for certain user

interactions REHARES RS ShEh I RPlasEsms sl Blan LI SR o mGHPIRSS parameters,

view logs, history, error and other codes, view certain operational parameters (e.g., currents, voltages,
speeds) aneaXpri. dioa presEntemhdinenicitietopseaibhirte iacevabla Frigasian ddslermodule that
supports mylipie JANGHAGSS, A0S ARIR oS pIaY PHrameter sodes lolRued Dy dynamic descriptions.

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. As also discussed below, the packaging arrangement disclosed provides

for separation of different signals, particularly by voltage level, as well as distancing

higher voltage sections of the control circuitry from a touchpad-type interface, thereby

facilitating handling of the equipment, connection of input/output, manipulation of the

interface.

[0023] In the presently contemplated embodiment, multi-conductor connectors mate
when the control sub-assembly is mounted on or attached to the power sub-assembly.
FI1G. 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 confrol 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
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 conirol sub-assembly and power sub-assembly



[0022] 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. As also discussed below, the packaging arrangement disclosed provides for
separation gfdiffeccst Signals: padtislakyydeliBorierehcasivelsas slistancingaigher ¥oltage
sections of the control circuitry from a touchpad-type.interface, thereby facilitating handling of the
cauipment, COHFEBH 61 TGP B Ao SPiTe IR TAEPEE e STERUty
contemplatedhembedinent-mudtrsnaduetargennectors 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 frq er subsassembly,, and shows the multi-conductor connectors 20 and 22 that
interface Wﬁﬁboiﬁi g‘goﬂ%@r vv?hlg??thgj%\)/{guésu a-gs%ecr%%lﬁ}lgls are Srsoel%%%, té%%%ﬁsergt%nﬁgﬁgfé:? power and
data betweenrttsicontiti shibiasseminly-assditidypover mebsassemitignpleatdsihiat the prasently
contemplated empadiments {1 santial subsassembld.Aogs et eanal ihe means. orsupplying it
own power‘(e.g., a atflery , treceives power from the power's assem%ly 17" When the two are
connected. Moresyén, théh cintral$ubtagsehibly 4 4l perfarn shatkcoripatatiggesn émipleneihts all control
routines, a enerates.all control signal e applied t Ircuitry. within,the power
sub-assemnktﬁil)‘/sq(’aréfle e%%r?% Oédsﬁé?gsglﬂﬁé} %Z\?W \%g%ﬁg #%%i%ﬁ%gggéb%%gq&%%.%%hcg?nnectors 20
and 22 are prowigiebkebindithescofithe santreiesuiagsermbiysaheayomblisubeansemisiplihabface one
another and ge sxpqsed anivatien the Stazsemblsalc separaladass,indigaie Ry eference
numerals 24 and 26. That IS, the Tacing sides are not accessible when the two sub-asseniblies are
mated. 10084%okisubagheRiBiss vfddligstratesaaodnuohgumasdembipitthtidhyesarallyootrektensive with
the power sify-gesembly, & iSiessolly sanieoiplaied thakg samereaniiol sibspasambly may serve

to accommodate variots power sub-assemblies that increase in both size and rating. FIG. 4 illustrates
three such andatigrenvenitsyiwitierfitst, tetodnirdl-swomalsseindissipadd shelleroler mpower!
sub-assembly which. is. | ed.behi ly, the, les being
generally cgglft%lﬁis?\llzegsw%ﬁgér% g%%ﬁ%%gﬁts%%gﬁgg%{(? E)%i%%%&m r%ﬁrg rzﬁ)ﬁgﬁgﬁne%&ggﬁ%wever,
power sub-asbesioligdof |&ggbrlsiges Simﬁ mg@m%@@m@d oy m@mmelbmﬂ@mb-gssembly
14. The powh%}fbﬂ?g_s dalesmatesahd iperiaes I almlat BRaReia. ARG ALY Wihin the

control sub-assembly is designed to allow’for motors of various siZes to be driven without altering the
hardware oexiroplrynmitisinstireseointrs! satnassimpho St idalder Sizet aidhaciotitibiited only by

programming. ithin.t I a b iments, for
example, pg%lv%t]%%%?{sﬁe‘%%r% r%ka%?r% ggt}r?gs@ c’)f§g.84mt’o‘%’}{2)II?W%.ﬁ;%j)bt 3%%?4@0%%@%% global

voltage cladseshsf 3am0s/ conny), hovssembbOOVHAESVBe aftanitaesdated Wi ghEsmeagorol
sub-assem@ymlglé?\gg\éﬁ(ﬁ&% sizes and weightings may, of course, be envisaged. [00251 In
accordance with presently contemplated embodiments, the power subassembly comprises power
electronic devices (e.g., switches) that regulate the conversjon power from a power source to

controlled fi988&h&y AesHdasse rSrHHRHT TR e RAHEPIsIEE. TREQEMFBISUBSRBHBIFUBN the other

hand, compyiges BrecassingscanRhililiesisnaialcatrrkroulines shaamgtatsutibzachRy the routines for
motor control, operator interface circuitry, and so forth to_provide control signals for the power

electronics 6PRNEHOWEP &Gh EESHINY ST ARUEShfo PSR IR BSBRE o FHPEh RN ViRBin the power

sub-assembihy; bagegienthgomotorigonisatigquiiapsaieshaRy furth@epragassiagdn tagnpawer
sub-assembly converts these control signals to timing signals for driving.the gates qf power electronic
switches Wiﬂ?ﬁ??ﬁ%%%?’%ﬁfésmlﬁmtml 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 sub-assembly converts these control signals to
timing signals for driving the gates of power electronic switches within the power

sub-assembly.



[0026] 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, qoo2d5, 10k dnzaiy GUiablegn annRst el deomingnROVET May KDNformstevarious standards,
depending upon the country or region in which the system is utilized, but will typically provide single or
three-phase’ ?ﬁpéﬁ gb?/\%)r“fﬁﬁf‘? “Appte 3(012 ’t%éﬁﬁgp%%é%ﬁeﬁﬁl.vfl?é’?’&t%ﬁ%?l&r%w& %‘é%e passive or
active, and wha(erdesiiedsiryalonoiar sedeper piedepawssito bEhapplieerbaik tonibsilgower source
(e.q., during%@c%le ation or brakin%g;c the load). The rectifier circuit 32 prgodu es DC qutput that is
applied to BACPEHEIE BhditiSifhg d}dé‘ﬁpé)‘EW{‘3 R, MeSu e d &SN EY reference
numeral 36rmayted ceanettedmnothérbf busciéamilinber@pieciater bynthoselskitladdn the art, such
circuitry may include inductors, ca agitors, resistors, and so forth. In general, inductors and capacitors
may be utiGRA W Gtorl? AT AR Rt e a8 LGB Ve RREIRSBFFiSEITR RODE power, as
well as to stipplyyeneigyeduingddrairopesitdoofogeratinmbhlResistens Misyibeopimideayter braking or
dissipating energy, and so forth. DC power from the DC bus is applied to an inverter, cirguit 38, or more
generally (9 HTLP BB rE0 U ST R fICRHSY L MRS BISR Th R R pier electronic
switches, sughtas insiibied, gatevidip ofpidainsisioidd 3BT <) absrcihied Wpdiodes. tiftese power
electronic swit h%s are driven to. aIIotv%EoviL r to befdrav.vn from the E)C bus to foul'ta synthetic
sinusoidal c?ﬁ’%b ofa% Bk Eﬁé@f?&ﬁuency. hrgcéiufﬁif BEw i@?ﬁeneé)ﬁfﬁ?é’ﬁ t5 &R efactic motor 40.
While in manyeapplicatidns ihealliove Systepprisraasdfiiguved to diévegiligle nrcnudti-thhasexdC motors, it

should be noted that the drive system may be.ad Dted(éo driving different mator types, such as
permanent TR el ot T803ATS TS T K AT r I 5L pobik, Kb AZs A 12 also
includes driperduitesiiiyg 4atphinehdriverppiiedity AR @dissIfdsed arpen cantinbsigpalsdreagpsed from the

control sub-assembly, to generate gate drive signals that are lied to the power electronic switches
ot the invertaR Y SE b TS e T B LS, b CTGE Sy o separate
circuit may istmilatly applysigmatetadhdyedikerskileddivdrecieuitogld 2imairpasesthedinding of the
gate drive sil%aIP upon an (El_esireidtallgorrilt m, l%ﬁ{] a3 ugllli%igpgi(glnc%urlar cglrrier waves and other
techniques lgeﬁgr%ﬁ y%ar%jg\(/;vnolrsi’t Y& Ar. Fina I?/? e p‘owe% Sub-assen qys m"a”‘;’?a.ﬁci’ﬁaén \arious
sensors, inticatdiredliectivelyilzydh énréfeiztdanumetal stdh dtiat detect feedihadk pattamaters, such as
voltages, currents, | osiii'ﬁoanS glggtrif rggégé& ﬁﬂg S0 cftg)rt&r]ll due[in Sog%aticl;)ag.o%igr&aelss1 t%l%l}g from the
driver circuﬁ’ry 15 &hd from the Sendors 42 are provi SdtB e control sub-assem 1iy via the
multi-connéstgrsdised Soe drakoneof28)Fne contml, suld-ssdertiblyIA pewtudtrateth¢en KIG. 5
comprises eontiol,girguiiry 46 desianed (o mplement.one or more motar control foutines;pased upon
programmeof'1 paraﬁi%%ers Stored within the conitrol Sub-assem Yy.%g control circuitry 16 may
comprise afirsuitedsterprocesser brymodiilenstode sears pinpludingl eaiovoprosessess sfieldas
programmable gate arr .dedicated .applicati ecific integrated circuits, apd so forth. Memory
circuitry, iné?gg%%%e%af?ﬁfl l%%/a?e%ear%sﬁ%% %u@@ﬁ&alsss %%%&la% ngifﬁctj 6 cif&?cs)f c?r%‘ﬁﬁlfy and allows
for storage elfenteoiccovitndlesoartinks;qpaaniieterpaeferre beatmpih&oouthieDCabusédl fBra wast array of
other informatign that.may he, usefiil for.controlling an itaringthe motor. An operator interface 50
s further oo B e O ion of
programmingEnd paramelecsiamaose féith, YWicheam vigathe gpdictarintérfadetusysated in FIG. 1.
One or morg etk IN'GITACSoR MR RraYIdse i simily assass g criiniapimation from
the drive systent. Suchinterfaces may include an EtherNet interface, various industrial data exchange
protocol inteykicmsniexyhdDmiapet dor Goning Nefermfibot Mymritsusy Sty theahiat cagisility allows
the drive syl%t(?{&gp be integrated into an EtherNet IP infrastructure, and the use of a dual port
EtherNet card may peimit 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 nié§26é bictss simron 66tElGe hdhsinevigstmarisarbhisdémnbiednsivgssrdsastly
contemplatgd emROMIMEnLeRe MRk e aca adAMe 8L BRDIR; e heicentils Whsassembly is

mounted on the power sub-assembly, while the USB interface, which allows for file
control sub-assembly to generate gate drive signals that are applied to the power




transfer and configuration of the drive system, is not accessible unless the control subassembly is
removed from the power sub-assembly. Where desired, the drive system may be protected by the use
of passwords or other security devices. [0029] FIG. 6 illustrates a presently contemplated embodiment
for the control subassembly 14. The assembly as shown in FIG. 6 with certain sub-components
exploded to illustrate the construction. The control sub-assembly 14 comprises a housing 56 made of

a moldable glastimpaieniahandca menavablercenenids: typicalyinade ahawsiailapaterial. The cover
58 can be remoyved to expose an interior region 60 that can be readily accessed by initial installers,

service perS5AHEFhUCEF AR T HORh QLA RAR LB SLLSHBIy B K AR K SHRBHS ' dhSators, and
the like. Thesstaassembly-fusihgrdnehidesmaLineait bparchaasemiglg 62thatie tenliusiried

embodiment in%udes a main circuit board 64 and an interface board 66. During operation, signals are
transmitted WSS BEOTERMREL it Rsal a8 SHt A FETE Aty St fnaRSh SP Y BShponents
populated ofetlaelipasdsyinia MaBACITIRIIBS afhe kivdven dhermbHoyeres uiiridelyatiggain circuit
poard 64 i§ designed and populated t agjowtih%r access to the int rior_gtLthe sub-afsembly while
inherently iS6TSHRY ARGHRAOIERYE L YA L} hF thE SRS BERTEr Inféridh th S dedesdhag (0030]
|t|) |ust;atedhirp;]£b@e€ei§, %ﬁldﬁmt/ﬁﬂi@gﬁst%ﬂﬂiﬂﬁisdb|p@i?tﬁ§hlﬂ(@teadﬁr§]w\iﬁ<fﬂfﬂrﬁﬁﬂc%@ifiﬁlﬂf theimain circuit
oard with the externa) sensors, actuators, and so forth (not shown), Varipus other components ma
be includedRHeH%s n%&%ffk (i LIE%?,’ﬁﬁggﬂmﬁﬁﬁéﬁn@s@?gﬁﬂmﬂ%&sﬁ%gga% g‘i%vided in t¥1e

section of theosdddicstb-assesniiy-thatisHte ver ey thecoveths diecisplalemaeeess to these
components, the main circuit board 64 is designed with 2 separate regions. In the illustrated

embodime mple,.a high voltage regjgn 72 icall rated from a local region 74 as
illustrated @ggliﬁﬁigg? d%%iﬁ)ga%%ﬁ a;ée%%lg |?Ill% i dleﬁrlr%%get?orﬁsﬁggge?aﬁf defifed Bg’/nttﬁ(glglayout of the
main circuitdowarthsdGhishighdvaitagpl compoments arertotated icptiehightisitdyseégipon72 and the

low voltage region 74 is limited to low voltage components. As not ab&\r/ee the term "high voltage" in
the presentp(r:%%%l(]tmrﬁa)}) %%%é%ﬁé% erec t‘g{f}%é &gg Vol ti:é%IeSél%r? the E)?H'er 0 ff8§ %\F frg}lr%%e phase, and
high 3-phas#vuiltagesngtich as¥40NahE. frhectsnm Slowsiolde et mnessoefertd ldgig levietovoltages, such

as on the order. of 5v nd below. ing..upo raphical region and the standards
applicable i rgﬁﬁi’%g’g%%lg %%)\%%verﬁat %)s%ﬁge?%fi'ghg erg%a?)e%ﬁ%ﬁ%ﬁﬁeoﬁleﬁﬁﬁcﬁ%%v@%?aﬁg demarcation
of the main@iwuis.bosrdoallows feferestyicieddtcesdiatthppostidly bf thedraeconahtna é8ntrol
subassembyy (LIRS AMBPAEDIE AL SR °GRES AN RISG-SUCN ARIORYUONIRLE terminals,
network connections, and so forth. In a presently contemplated em og%ment,rﬂwe restricted access
during powesatings. operatigas isdiemet dsrddncth withuBCs6 05629 grovdde i enclpsureshE20. [0031]
Several fe ; - i jde.inherent igolati tween the
nigh voltage L T e e e o T B, SRR e that the
interface boarerBedssalse fsthae dovylidete tharmentaatwresitry the dllostr e dweisddiersttinfor example,

a vented wall iz legraiitmelded Mo Ibe-aHing 36 e pRNLARISS R lR T AR Yag foward the

high voltage region 72 of the main circuit board. Similar'barriers may be ad ed to the structure,
although théhinepgratomioiginecofiivetserder Wall leddtestostrandtprovidds: feetidBlomanddantegral

structure. Ingertain .c}&sigﬁ.ﬁiaquo&%g%rgn&gﬁm %%Qtl'&lf ﬁ%gp?fﬁcgﬁgﬁgé}ggof t%gcﬂigh voltage

and low voltage regions of the main circuit board, and/or portions o . oard, but the
illustrated eitisganefermayayiivbideeentdEshgrifidamtigiedece theuredevrmamBeiotseomeptocouplers,

thereby redycing Shg.aumber & Lveial caePRsiisIRRY he 05 At aveaialh sukgssembly-
capability allows the drive system to be integrated into an EtherNet IP infrastructure,
and the 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



[0032] In addition to the vented wall 76, structures are provided that allow for spacing within the control
sub-assembly to further facilitate packaging and to allow for isolation. As illustrated in the preceding
figures, the operator interface 18 may include integral regions that may be pressed by an operator for
interfacing with the control sub-assembly. It also includes or may include in certain embodiments, a
display 78 that provides numerical and/or textural or symbolic feedback for the operator. This display is
packaged ifrihergubrassembiytsaor the apearatatdnlarace angsspacingdaritheacdispibyus-inherently
provided by a riser in which the operator interface is disposed. Similarly, spacing is provided by a
Corios of (et TGS B0 VAT 6T B G 5o T TETAL UAFIREAE DO ETHfod by those
skilled in thg ayth éhese-suitehas anecdeSigasthioschanter stat@stypdevickag operator inputs upon being
depressed. In the illustration of FIG. 6, a membrane or a cover 82 has been shown exploded to
expose integr ' tructyres 84 that are molded intp the housin These underlie regions that
b den B e B S e By B . o
FIG. 6, graphiesitfactidr re@lanssermivdylike siaybe iprdiidedinstiie weetaloramé-8anthatecaisespond to
locations of the integral.spring structures 84 and tact switches 80. [0033); These structures are
luatrateet 16 S o BB e b S o the
tact switchéd®8@ngviih thedinteifacerbivhld pesandmazinatisoditbearodvedléurtver éfplydrdliy illustrate the
exemplary construction. .Other component en elimi fr IS view f ity sake. As
noted abov&%%%%g%%{%ﬁéﬂ amt%?r%l 'ci(r)'l?llﬁt g&%?ﬁ gl% %ﬁégﬁlll\(;lc%egg ?n%yg%gﬂ 1\?lo t%%%?%ggg%n 72 and low
voltage regféhti7at edoriee acgdiig raddinecdfodamitint atissal 265, Fhevlpsepofsdensireadion etiefatly
corresponds to the location of the v | in Si intgrface board 66 lies
within the p%%gé%?g%?%g 5 ?haetsgﬁ?ﬁ%}r%gf %’ﬁé@%ﬁé&é@é&;ﬁb@%ﬁﬁ@é Kig %ﬁgltTa%é sﬁ[aéof the vented wall
76. The tactsswitbitesfusthizh withiddheafivakaisdomty esmmobiytetltothht top thiclei biishretédterface board
66 correspand.in,Jocation 'g e rgl :l;gr'ghg:&ttr%% es,84, t@e Il?q S QfB’XQl- hé%re M in FIG. 7.
10034] FIGS. ({gé%eg ilﬁrjlscﬁléifeg the p acement an%Ico)nstrﬁcti%n (gt?%ﬂ%ecintegraa spring stru%tures that
interface witipdhagitactssgmiabhescatmahatioiefominberaatidbeiitisehdlsseraisnintertade sdilerinherently
proviaing SRAdg 1 NE AN OLAIB AP AURHIR L G RS DR SO B RIS Al 0t

fded with the hous e -liRi

spring structures 84 are mo 56, and each include a spring-like exterision 86 that

partially spika@ﬁnmimmﬂevﬁmdmaﬁqiawém s, fﬁh’@t Brehd H?Q&Sin@ﬁ' tisedspringdertehsions, and
the cores ai altmade Al e mteraland(eHYed S RmeRlY NG REOGRRRCIEN structures

could, of ¢ e, be assembled, although the inherent molding of these together facilitatés
manufacturisgjaing feghiweotioge fgubbsiremovn narthe refihiawoidrBatgs esetispdegral spring
structure further includes a plunger 90 that is integrally formed with the respective core and extends

reanvardly {pdnigrfacswith a:carresponding Reheviigh Stmi03Thcthesslagamantandgimensions of
the integral spring structures, their cores, their i&éring extensions, and particularly their plungers, allow

for designing ARG HotrerBid sipoiehtardurthh fextiaibs PR e RS) oS fofdBsired spacing
between the,suHace0f theasik-agsenbhpennhishihecoperaied iRiRHace mesbrangiselaced, and

higher voltage components, such as the interface board and main circuit board, As best illustrated in

FIG. 10, eaBH#itdgranepingdirdciord hadbopithsse rooriext ddn dbesaris il a

corresponding tactswiich 80 Thedaatiswitehuovhici istynicaly aquchasee cepmsnrpidhus defines
the location of the integral spring structure andé)lun[gler. The plunger length 92 will typically be selected
f

to provide tH dB&iPeaEPELREA R RS NSO HE (ScP RN, Thdieted By therdltntaelimeral 94,

combining witihihismlengtbiepeyide ampyeralkigaaik:RB thatioffersibaispagigieesiad. 4 he base
height 96 of the tact switch adds to this length to provide the final spacing between the underlying
circuit boar@ﬁﬂd?ﬁ%’?oﬁsﬁ?ﬁ%@%ﬁ%%&iﬂ?g‘? fdfRaatiengsin @ﬁ&b‘?ﬁé’ Eflemaniatioh re provided

between thgsgesuriacrTiand WLOigRS ReassadbY theiaperiar antithesirgyit hpardsthatmay function
at and provide signals at a higher_volta%e. _ , .

components are located in the high voltage region 72 and the low voltage region 74 is

limited to low voltage components. As noted above, the term “high voltage” in the

present context may be considered to include voltages on the order of 110v AC, single

phase, and high 3-phase voltages, such as 440v AC. The term “low voltage” may

refer to logic level voltages, such as on the order of 5v DC and below. Depending



[00361 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 comprising: a control sub-assembly main

circuit board subdivided into a high voltage region and a low voltage region; a housing having an

interior in Wiyeh the cariropsidbrassRmblyinrinearibagst iarlisprsed: regi@dERSLERAG, cComponent
disposed in the interior and designed to be accessed by an operator during installation and/or
maintenand@ e e e dfer- In general, howevér, the demarcation of the main circuit

board allows for restricted access to that portion of the interior of the control sub-
assembly in which components that require access are disposed, such as input/output
terminals, network connections, and so forth. In a presently contemplated
embodiment, the restricted access during powered up operations is in accordance with

IEC 60529 provided by enclosures IP20.

[6031] Several features of the control sub-assembly are designed to provide inherent
isolation between the high voltage region 72 and a low voltage region 74 of the main
circuit board. It should be noted that the interface board 66 is also isolated by these
same features. In the illustrated embodiment, for example, a vented wall 76 is
integrally molded into the housing 56 to prevent objects from moving toward the high
voltage region 72 of the main circuit board. Similar barriers may be added to the
structure, although the integral molding of the vented wall reduces cost and provides a
reliable and integral structure. In certain designs, optocoupler may be used to link
certain components of the high voltage and low voliage regions of the main circuit
board, and/or portions of the interface board, but the illustrated embodiment may be
used to significantly reduce the need or number of such optocouplers, thereby

reducing the number of overall components and the cost of the overall sub-assembly.

[0032] In addition to the vented wall 76, structures are provided that allow for spacing
within the control sub-assembly to further facilitate packaging and to allow for
isolation. As illustrated in the preceding figures, the operator interface 18 may
include integral regions that may be pressed by an operator for interfacing with the
control sub-assembly. It also includes or may include in certain embodiments, a
display 78 that provides numerical and/or textural or symbolic feedback for the
operator. This display is packaged in the sub-assembly under the operator interface
and spacing for the display is inherently provided by a riser in which the operator
interface is disposed. Similarly, spacing is provided by a series of tact switches 80
that are mounted to the interface board 66. As will be appreciated by those skilled in
the art, these switches are designed to change states, providing operator inputs upon

being depressed. In the illustration of FIG. 6, a membrane or a cover 82 has been

10



a barrier disposed in the housing to limit access to the high voltage region of the control sub-assembly
main circuit board while allowing access to the at least one component. 2. The motor drive of
claim I, wherein the bather comprises a vented wall. 3. The motor drive of claim 1, wherein the
barrier is integrally molded in the housing. 4. The motor drive of any one of claims 1 to 3,
comprising an operator interface disposed in the housing. 5. The motor drive of claim 4, wherein

the operatokjigierfasplisdeisRe sedhoveithghioyvrliiasexeaies 9f the CoRtrolskR@ssgMhly main circuit
board and is limjted in access by the barrier. 6. The motor drive of claim 4 or 5, wherein the

housing coliPHiERE itftegralSsritrfsHfcArEenhARdraaBimeerspsd dpethforniaiattimfiwith the

interface.  overlie individual tact switches 80. That is, comparing FIG. 1 to FIG. 6, graphics, tact
or regions, or the like may be provided in the membrane 82 that correspond to

locations of the integral spring structures 84 and tact switches 80.

[0033] These structures are illustrated in the further exploded view of FIG. 7. In FIG.
7, the housing 56 is shown exploded from the tact switches 80, with the interface
board 66 and main circuit board 64 further exploded to illustrate the exemplary
construction. Other components have been eliminated from this view for clarity sake.
As noted above, here again, the main circuit board 64 is sub-divided into a high
voltage region 72 and low voltage region 74 along a general line of demarcation 70.
The line of demarcation generally corresponds to the location of the vented wall 76
shown in the housing 56. The interface board 66 lies within the protected area of the
interior of the sub-assembly on the high voltage side of the vented wall 76. The tact
switches, which will in the final assembly be mounted to the top side of the interface
board 66 correspond in location to infegral spring structures 84, the bottoms of which

are shown in FIG. 7.

[0034] FIGS. 8 and 9 illustrate the placement and construction of the integral spring
structures that interface with the tact switches and allow for interaction with the
operator interface while inherently providing spacing from the high voltage
components below. As best shown in FIG. B, the integral spring structures 84 are
molded with the housing 56, and each include a spring-like extension 86 that partially
spirals and is cantilevered toward a core 88. That is, the housing, the spring
extensions, and the cores are all made of the same material and formed in the same
molding process. Such structures could, of course, be assembled, although the
inherent molding of these together facilitates manufacturing and reduces cost. As best
shown in the rearview of FIG. 9, each integral spring structure further includes a
plunger 90 that is integrally formed with the respective core and extends rearwardly to

interface with a corresponding tact switch 80,

11



7. The motor drive of claim 6, wherein each integral spring structure includes an integral plunger that
interfaces with a respective switch when the respective spring structure is deformed by an operator
interacting with the interface. 8. The motor drive of claim 7, wherein the plungers have a length
selected to provide desired spacing between the interface and an underlying circuit board. 9.A
motor drive comprising: a control sub-assembly main circuit board subdivided into a high voltage

region and giens|voltageaReien:; and diRQUSIdENaNiNG andptariofinyvhichdhecantiel@rbyassembly
main circuit board is disposed; at least one component disposed in the interior and designed to be

accessed bi'SH SNRREST GOFIABSINEIA I BHGTHAGY o P RIRI e TP IR Oh SIHEHDE SPaclh ather
disposed ingbe orsing ek aceess thiheifiah voitage reginnepfihe eantelissdospasambly main

cireuit boar%ggvbfggnat!lll%\/\s/{ﬂ agg 8%?ﬁetgu{)hgSgé[:rlneﬁ?/toonn\%}ggg]’{%%%%gz’a%qqnterface membrane 1s
placed, and higher voltage components, such as the interface board and main circuit
board. As best illustrated in FIG. 10, each integral spring structure has a plunger 90
that extends towards and contacts a corresponding tact switch 80. The tact switch,
which is typically a purchased component thus defines the location of the integral
spring structure and plunger. The plunger length 92 will typically be selected to
provide the desired spacing, with the length of the tact switch, indicated by reference
numeral 94, combining with this length to provide an overall length 98 that offers the
spacing desired. The base height 96 of the tact switch adds to this length to provide
the final spacing between the underlying circuit board and the top surface of the
housing. Thus, here again, spacing and isolation are provided between those surfaces

and regions accessed by the operator and the circuit boards that may function at and

provide signals at a higher voltage.

[0036] 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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an operator interface disposed over the high voltage region of the control subassembly main circuit
board, wherein access to the operator interface is limited by the barrier, and wherein the housing
comprises spacing plungers that provide a desired spacing between the a surface of the operator
interface and an underlying circuit board. 10. The motor drive of claim 9, wherein the barrier
comprises a vented wall. 11. The motor drive of claim 9, wherein the barrier is integrally molded in
the housingCLAIME2. The motor drive of any one of claims 9 to 11, wherein the housing comprises
integral spring structures that are deformed by an operator interacting with the interface. 13. The
motor drive; of cIairp 123%”%&%%%@ j:r(};%(‘g;glﬁ ring structu.re inclydes one of the spaci‘ng plungers,
and wherein each spacing pnfunger interfaces with a respective switch when the respective spring
structure is deformeddmyrah spezrstonherastingwitht theantestdderided o A nhitbr dritagcomprising:

region and a low voltage region;

a housing having an interior in which the control sub-assembly main circuit
board is disposed;

at least one component disposed in the interior and designed to be accessed by
an operator during installation and/or maintenance of the motor drive; and

a barrter disposed in the housing to limit access to the high voltage region of

the control sub-assembly main circuit board while allowing access to the at least one

component.

2. The motor drive of claim 1, wherein the barrier comprises a vented
wall.

3. The motor drive of claim 1, wherein the barrier is integrally molded in

the housing.

4, The motor drive of any one of claims 1 to 3, comprising an operator

interface disposed in the housing.

5. The motor drive of claim 4, wherein the operator interface is disposed
over the high voltage region of the control sub-assembly main circuit board and is

limited 1n access by the barrier.
6. The motor drive of claim 4 or 5, wherein the housing comprises

integral spring structures that are deformed by an operator interacting with the

interface.
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a control sub-assembly main circuit board subdivided into a high voltage region and a low voltage
region; a housing having an interior in which the control sub-assembly main circuit board is
disposed; an operator interface disposed over the high voltage region of the control subassembly
main circuit board, wherein the housing comprises integral spring structures that are deformed by an
operator interacting with the interface. 15. The motor drive of claim 14, wherein each integral
spring structure in¢ludes "ahleintﬁg@almiuegﬁr thatinterisleasivitae respgeliveswitchraher the

respective s structure is rmed b an op erator int actln Wlth the interfac 16. The motor
drive of claﬂﬁ !lqﬁqe\ﬁ/haélre]i’ﬁt?ﬁjé & ﬁ[ o WY ﬁﬁﬁssgfé%te?j [5Brstite a‘@g?{éd‘%?b%{hﬂb" between the

interface ands@ecmdeﬁymsumwwﬁawﬁomecﬂﬂy Ihepaator e afmnyidnéeitlaing 14 to 16,
comprising at least one component disposed in the interior and designed to be accessed by an
operator during installation and/or maintenance of the motor drive, and a barrier disposed in the
housing to limit acgess tdlthe higlov altage ¢ gikinof Thestentiol gitbassemblianaia disegih board while

allowing aC(s:ei tg?:l t{g)ep%ty!ggg tdoesne& gcoqu %étween the interface and an underlying circuit
board.

9. A motor drive comprising:

a control sub-assembly main circuit board subdivided into a high voltage
region and a low voltage region;

a housing having an interior in which the control sub-assembly main circuit
board is disposed;

at least one component disposed in the interior and designed to be accessed by
an operator during installation and/or maintenance of the motor drive;

a barrier disposed in the housing to limit access to the high voltage region of
the control sub-assembly main circuit board while allowing access to the at least one
component; and

an operator interface disposed over the high voltage region of the control sub-
assembly main circuit board, wherein access to the operator interface is limited by the
barrier, and wherein the housing comprises spacing plungers that provide a desired

spacing between the a surface of the operator interface and an underlying circuit

board.

10.  The motor drive of claim 9, wherein the barrier comprises a vented
wall.

11.  The motor drive of claim 9, wherein the barrier is integrally moided in
the housing.
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18. The motor drive of claim 17, wherein access to the operator interface is limited by the barrier.
19. The motor drive of claim 17 or 18, wherein the bather comprises a vented wall.

drive of claim 17 or 18, wherein the barrier is integrally molded in the housing.

12. The motor drive of any one of claims 9 to 11, wherein the housing
comprises integral spring structures that are deformed by an operator interacting with

the interface.

13.  The motor drive of claim 12, wherein each integral spring structure
includes one of the spacing plungers, and wherein each spacing plunger interfaces
with a respective switch when the respective spring structure is deformed by an

operator interacting with the interface.

14. A motor drive comprising:

a control sub-assembly main circuit board subdivided into a high voltage
region and a low voltage region;

a housing having an interior in which the control sub-assembly main circuit
board is disposed;

an operator interface disposed over the high voltage region of the control sub-
assembly main circuit board, wherein the housing comprises integral spring structures

that are deformed by an operator interacting with the interface.

15. The motor drive of claim 14, wherein each integral spring structure
includes an integral plunger that interfaces with a respective switch when the

respective spring structure is deformed by an operator interacting with the interface.

16. The motor drive of claim 15, wherein the plungers have a length
selected to provide desired spacing between the interface and an underlying circuit

board.

17.  The motor drive of any one of claims 14 to 16, comprising at least one
component disposed in the interior and designed to be accessed by an operator during
mstallation and/or maintenance of the motor drive, and a barrier disposed in the
housing to limit access to the high voltage region of the control sub-assembly main

circuit board while allowing access to the at least one component; and
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20. The motor



18.  The motor drive of claim 17, wherein access to the operator interface is

limited by the barrier.

19.  The motor drive of claim 17 or 18, wherein the barrier comprises a

vented wall.

20.  The motor drive of claim 17 or 18, wherein the barrier is integrally

molded in the housing.
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