[ 1] MODULAR POAER SUPPLY ASSEMBLY BACKGROUND OF THE | NVENTI ON [ 21 Power
converters are well known devices that are generally used to convert power
fromone set of power, voltage and current paraneters froma power source
into a second set of voltage and current paranmeters for use by a | oad.
Most often, power converters are used to convert a standard AC supply
voltage into a |lower DC voltage or an AC voltage of fixed or variable
frequency for use by DC notors, AC notors, or connection to the power
grid. Mopst conventional power converters are designed for a particular
product having a particular set of power requirenments and, thus, cannot
usual |y be used for nmultiple applications having different topol ogi es and
power requirenents. For exanple, in high power applications, the swtches
used in the [lbower converter (such as insul ated gate bipolar transistors
(13BTs)) nust be carefully sized to handl e the highest anticipated | oad
requi rements. Power switches such as | @BTs are expensive and have been

tightly integrated into tBepEeR] POVWER QQ@FEYtQSSEMhﬂ?reby reduci ng
flexibility and gains available in high volunme cost reductions via reuse

of the core structure and reduction in reengi neering devel opnment tines. As
a result of this tight integration, new power converter configurations are
continuously being designed for each new application. Designing a new power

converter is a process thaﬁﬁhﬁgghbﬁﬁgg3ﬁf?ﬁ§H§ﬁhQ$Eﬁ§Nand effort by

skilled individuals. Furthermore; s unber of different

pover conver[é]er Spéwes uc':ol;l(\azesrtesartsogrlél anﬂ %nlovavg}gcﬁa\dces that are generally used to convert
power from one set of power, voltage and current parameters from a power source into
a second set of voltage and current parameters for use by a load. Most often, power
converters are used to convert a standard AC supply voltage into a lower DC voltage
or an AC voltage of fixed or variable frequency for use by DC motors, AC motors, or
connection to the power grid. Most conventional power converters are designed for a
particular product having a particular set of power requirements and, thus, cannot
usually be used for multiple applications having different topologies and power
requirements. For example, in high power applications, the switches used in the
power converter {such as insulated gate bipolar transistors (IGBTs)) must be carefully
sized to handle the highest anticipated load requirements. Power switches such as
IGBTs are expensive and have been tightly integrated into the core power converter,
thereby reducing flexibility and gains available in high volume cost reductions via

reuse of the core structure and reduction in reengineering development times. As a

result of this tight integration, new power converter configurations are continuously



nunber of different parts and assenblies and reduces econom es of scale.
[3] A particular type of power converter product in conmon use today is a
notor drive. Afamly of notor drive product is typically designed to
cover a range of power levels, but this famly of notor drives is nade up
of several different products designed to optim ze the cost of the
hardware (el ectronic conponents and packaging) for a relatively narrow
power range and specific drive application. For exanple, a typical notor
drive may integrate one or nore of the followng: an ACto DC converter
(sinpl e diode, or regenerative converters (boost or buck)), a DC bus
regul ator, 9& es1 rE‘lgé foz,rrg‘g%e%!a\%sa }J.ccljm t1oer{ S’Dersialn"ia‘xy x(fé)v&rf]t ro(x?vle lchgvel ersgnsor S
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narrow power e The en es for s ve 2 nb i ncl ude
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hoi sts, alternative _energy ourfgs such as mﬁndnllls and fuel cells, and
general i ndtREPPTERE ApATecARMBAS o diifsHRIeRoVer HENMRITTS CAETERR SIOFRIRE olasee
drive are limted to the conversion of power froman AC or DC supply for
use by par t Peabeyof Adfesentnaripanst assembhie apdoefiers gcemieott spier , vol t age
and current paraneters. [4] In sone conventional notor drive applications,
mul tipl e i n\Bért & Baziicalaysizde phpowersspaveriec prdiguinatomonon oshinddy és amatipl e
drives in an application. Such a system2 typically has a converter in the
front end tdries edt érailPGE sugpt Wrivaprbductdisstypichlly idegignpdwercoter & rengaibf i pl e
inverters. In conventional designs, the converter is designed

power levels, but this family of motor drives is made up of several different products

designed to optimize the cost of the hardware (electronic components and
packaging) for a relatively narrow power range and specific drive application. For
example, a typical motor drive may integrate one or more of the following: an AC to
DC converter (simaple diode, or regenerative converters (boost or buck)), a DC bus
regulator, an inverter, magnetics, filters, relays, control logic, sensors, and
input/output communications or interfaces, into a single package for a narrow
power range. The end uses for such motor drive assemblies include (but are not
limited to) elevators, material handling devices, cranes and hoists, alternative
energy sources such as windmills and fuel cells, and general industrial applications.
However, the applications of a motor drive are limited to the conversion of power
from an AC or DC supply for use by particular AC or DC motor having a defined set
of power, voltage and current parameters.

[4]  In some conventional motor drive applications, multiple inverters are used in

a system configuration to handle multiple drives in an application. Such a system



to a specific topology (regenerative or non-regenerative) to provide a
speci fic amount of power having a specified set of paraneters and,
therefore, nmust be redesigned for each application. [5] Another limtation
in the design of conventional notor drives is heat nmanagenent. A typical
notor drive mght include a fan, heat sink, heat exchanger, or cold plate
as a conpl ete heat managenent system |In conventional power supply

desi gns, the physical |ocation and inplenmentation of these thernal
managenent conponents often interferes or limts flexibility in providing
connections to the onboard nagnetics or limts the ability the switch to
di fferent cdvbically Sehemesvesterhin ths ftdndwind to emdaitag 16 dupdathpis fasdistrbuting
addi tion, conventional notor drives will stack or conmbine multiple | GBT
swi t ches sughwehat tieatlfiplorntdreers ORrcoh@Rkfoniab dédians tBE e@terted it Resigned
switches at the top of the stack. [6] Therefore, what is needed is a

nmodul ar - powes acpeMft teolagIEhyratRalor 6BR- 188 nc8R%d) Yo BRI ANSXPEREE ¥R Ynt
adapted for a wide variety of products having a wide variety of power
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[ 7] One enbodi nent of the present invention Is rected toward a

power convgg&p&ﬂgﬁgggpjy for providing power to a power consum ng devi ce.
The nodul ar 3 power converter includes a core power conversion nodul e for

receiving p o ABSRR RYARD SRS AL WV ELL Lot 08 iR nbdeo™ @

management. A typical motor drive might include a fan, heat sink, heat exchanger,
or cold plate as a complete heat management system. In conventional power supply
designs, the physical location and implementation of these thermal management
components often interferes or limits flexibility in providing connections to the
onboard magnetics or limits the ability the switch to different cooling schemes such
as liquid cooling and heatpipes. In addition, conventional motor drives will stack or
combine multiple IGBT switches such that heat from the lower IGBTs is transferred
to the switches at the top of the stack.

(6] Therefore, what is needed is a modular power converter assembly that can be

easily and inexpensively adapted for a wide variety of products having a wide

variety of power requirements and thermal management systems.

BRIEF SUMMARY OF THE INVENTION
[7]  One embodiment of the present invention is directed toward a modular power

converter assembly for providing power to a power consuming device. The modular



characteristics to a second set of power characteristics. The core power
conversion nodule has input connectors, a set of power conversion swtches
and associated electronics, bus capacitors, and output connectors. The
core power conversion nodule also includes a thermal nanagenment system
The core power conversion nodule is designed such that it can be connected
in parallel with one or nore additional core power conversion nodul es such
that the power output of the core power conversion nodules is conbined.
The bus capacitance of the core power conversion nodule is preferably
approximately equally distributed along the output. An application '

specific mg%& éo%vglqglpﬁl%ﬂzdteg at%gac{ g&w#ﬁcgh%r%ﬁﬂ%&ﬂﬂé %ltrggel?ﬁ%%%%ﬁﬂ Frgﬂlna? ctor

of the core power conversion no application spec

contains poyer.conponents and appligalion, speci i cpcamonent s. fegi gned. to
interface tﬁe core power conver sl %n ITDC?UPE t a par icul ar power consum ng

application,., The application spe igic modul e .ma .contain a filter, a.
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pr esent inventifn is.directed toward a power converter for re eivigg
suppl i ed el BOARIECARS HOWErcoRAGTIAL: & ity St PUBY evprinYEFRes and 2eensiaded i ng
the supplied electrical power into |oad electrical power having a second
set of par afftiEpcs, T priisHoro sl PaiPYtneingdesrs EOXCORYEGTS CHIYEHBetu| e
adapted to receive one of a plurality of application specific nodules. The
power conveeditleralap thdledesas thern d as bnageenqed westego nife sioon pewet cinvargort he
application
module is designed such that it can be connected in parallel with one or more
additional core power conversion modules such that the power output of the core
power conversion modules is combined. The bus capacitance of the core power
conversion module is preferably approximately equally distributed along the output.
An application specific module is adapted to be removably coupled to the output
connector of the core power conversion module. The application specific module
contains power components and application specific components designed to
interface the core power conversion module to a particular power consuming
application. The application specific module may contain a filter, a contactor, a
relay and a current sensor.
[8]  Another embodiment of the present invention is directed toward a power
converter for receiving supplied electrical power having a first set of parameters
and converting the supplied electrical power into load electrical power having a

second set of parameters. The power converter includes a power conversion module

adapted to receive one of a plurality of application specific modules. The power



specific nodul e has at | east one power conponent. The power conversion
conponent is preferably nounted on a sub-panel assenbly of the nodul ar
power converter. The core power nodul e has an AC or DC bus and is adapted
to be connected in parallel wth a second core power nodule such that the
bus of the core power nodule is connected in parallel with a bus of the
second core power nodule. The core power nodul e al so preferably includes
the thermal managenent system for the core power conversion assenbly. The
power conversion nodule can be configured to allow for bi-directional
power flow, The application specific nodule may contain at |east one of

the fol | ow ngnpowleh wodmenent s kehoas pdwbi lcb@fersion KAMAGEO the BphBlaA¥nOr a
current sensor. [91 Yet another enbodi nent of the present invention is

directed towpedfia mbBEld! Bhs PAWEEasE OBYE ofler SYRLRRAAaPTEL §,0wRE Oc\éhgeﬁ'sion
varyi ng anmounts of power having different power characteristics. The power

converter i f&_@ﬁﬁégﬁéltais Gt r RAVES 0w B Y rg%ﬁb%gg}kgﬁgwgf e lxr?o%tlarono:mﬁep ower

Convert_er switch for recelvi ng power rom ower sourc
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addition, the core dule is configured to be connected in parallel with a
second corEOW%HHWQHEJEﬁo?ﬁ%?mebPBGQEgﬁuﬁh%bE%P%ﬂﬁbﬂﬁP%dF@“%ﬂ%%*ﬂ?%%ﬂ%y
coupled to q‘hg%greogower module also preferably includes the thermal management system
for the core power conversion assembly. The power conversion module can be
configured to allow for bi-directional power flow. The application specific module
may contain at least one of the following power components such as a filter, a
contactor, a relay or a current sensor.
91  Yet another embodiment of the present invention is directed toward a
modular power converter system adapted to provide varying amounts of power
having different power characteristics. The power converter includes a core power
converter module having at least one power converter switch for receiving power
from an AC or DC power source and converting the source power to a DC or AC
voltage. The converted voltage is coupled to a bus. The core module has an output
connector adapted to receive at least one of a plurality of application specific
modules such that the bus voltage is coupled to the application specific module. In

addition, the core module is configured to be connected in parallel with a second

core module such that the bus of the core module is electrically coupled to a bus of



t he second core nodule. The core nodul e further includes an option board
coupling for receiving one of a plurality of option boards. At |east one
power converter switch is nounted on an option board of the core nodul e.
The nodul ar power converter is configured to allow for bi-directional
power flow. The application specific power inverter nodules may contain at
| east one of the foll ow ng power conponents such as a filter, a contactor,
a relay and a current sensor. [101 Yet another enbodi ment of the present
invention is directed toward a nodul ar power converter design. The design
i ncl udes nechani cal packagi ng neans that are nDduIar and scal able. This
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air or I|qU|d or heat_ pipes. Mdular hardware logic is provided that can
be confi gur ethliggrednmaliew igy %é@regfpwl Fariesiomand i@u%ﬂﬂﬁéﬁ‘m Sgetiie REWES .
Control software is provided that is nodular and flexible to support the
appl i cat i onirgattepowdnlesodar aeitain afTivest elesoighe daliowiagusadr womnorentAS ¢t or ,
DC nmotor, grid connected |oads, grid independent |oads, bidirectional mnnd
generator dwéwékenanmnamwnoahemyaWMhimahhumem&nh a DC input/output or AC
i nput/ out put and handl e conversion fromany AC or DC source to any AC or
DC | oad. [10] Yet another embodiment of the present invention is directed toward a
modular power converter design. The design includes mechanical packaging means
that are modular and scalable. This modularity and scalability allows for a variety
of power topologies to be quickly implemented by selection of the appropriate
thermal and or power semiconductor combination, which makes up the power
conversion module. This flexibility in design provides power conversion that is
modular and scalable for a variety of topologies and applications. Modular and
flexible thermal management means allow the cooling scheme to be changed to air or
liquid or heat pipes. Modular hardware logic is provided that can be configured to
handle various applications and customer requirements. Control software is provided
that is modular and flexible to support the application and power modularity. The
design can be used with an AC motor, DC motor, grid connected loads, grid
independent loads, bidirectional wind generator drives, and any other application with

a DC input/output or AC input/output and handle conversion from any AC or DC

source to any AC or DC load.



BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NGS 1111 Fig. 1 is a
pl an vi ew of a nodul ar power converter constructed in accordance wth an
enbodi ment of the present invention. [121 Fig. 2(a) is a plan view of the
core power nodul e assenbly constructed in accordance with the enbodi nent
of the invention shown in Fig. 1. [131 Fig. 2(b) is a plan view of the core
power nodul e assenbly of Fig. 2(a) with the enclosure cover renoved [ 141
Fig. 2(c) is a plan view of the core power nodul e assenbly of Figs. 2(a)
and 2(b) with the user interface and encl osure cover renmpoved to show the
| ocations of the capacitor bank and power switches. [151 Fig. 3(a) is a
pl an vi ew of one enbodi nent of an application specific nodule constructed
as used in the enbodi nent of the present invention shown in Fig. 1. [161

Fig. 3(b) is a pBRIERDESCHRIPAIGN N IHESOWERRNYIEHWaOFEPRE 518 weRaspeci fi c
nodul e as used in the enbodi nent of the present invention shown in Fig. 1.

[171 Fig. 4 [i%] bFagk diaghamid loosthabilip &R rabhaagameitt Qb emUh iR 8ance
functional and physical nodules in accordance with the present 1 nvention.

[181 Fi g, 5vifishan@h%airﬂmgffamﬁfe%mﬁ%ﬁg&non of the distribution of
functions between the nodul es of an enpodi nent of the present invention.

Grive i1 acenr domsat Phohe SEodl BB el e d e A Rb B e in
accordance with the embodiment of the invention shown in Fig. 1.
[18] Fig. 2(b) is a plan view of the core power module assembly of Fig. 2(a) with
the enclosure cover removed
[14] Fig. 2(c) is a plan view of the core power module assembly of Figs. 2(a) and
2(b) with the user interface and enclosure cover removed to show the locations of
the capacitor bank and power switches.
[15] Fig. 3(a) is a plan view of one embodiment of an application specific module
constructed as used in the embodiment of the present invention shown in Fig. 1.
[16] Fig. 3(b) is a plan view of a second embodiment of an application specific
module as used in the embodiment of the present invention shown in Fig. 1.
[17]1 Fig. 4 is block diagram illustrating an arrangement of multiple functional
and physical modules in accordance with the present invention,
[18] TFig. 5 is a block diagram representation of the distribution of functions
between the modules of an embodiment of the present invention.
[18] Fig. 6 is a plan view of a cabinet structure for mounting a motor drive in

accordance with one embodiment of the present invention.



7 [201 Fig. 7 is a plan view of an interconnected cabinet structure for
nmounting a notor drive in accordance with an enbodi nent of the present
invention. [211 Fig. 8 is a plan view of a notor drive constructed in
accordance with an enbodi nent of the present invention having a power
reactor nmounted to the core nodule. [221 Fig. 9 is a plan view of a notor
drive constructed in accordance with an enbodi nent of the present
invention. [231 Fig. 10 is a plan view of a notor drive constructed in
accordance wth an enbodi ment of the present invention. [241 Fig. 11 is a
pl an view of a notor drive constructed in accordance with an enbodi nent of

t he present dfjv 1 Fi 12 i | a f heat si.nk for use
with an enboéﬂmen%’r 9% ahé " ‘?}‘%sentani 1r]?{veerr(% |r53rcfped[ ?(é)in‘% Stlu M s{”L am%lfnazhn%n ew
of a water ¢ P .ate f use. nbodi nent of the r esent

nvent | on. fﬂf%’%%f 8o SagttaFish prratihrion Oéiﬁﬁﬁr%ﬁﬁg}t 0t Banel for an
applicationgﬁﬁe%$ ) Tle constructed én accordanwf with an enbo nent
of the pres te tlﬁﬁp‘fﬁgie“ﬁoga PHIQrAR Ve, CARSITREGH oF B5FPT %’é‘f?p]”

out put panel for an a? i cation specific nodule constructed in accordance
with an enb&dredimenyp ttlh‘é PEpesk venfiigB ey a power reactor mounted to the core

module.

[22] Fig. 9 is a plan view of a motor drive constructed in accordance with an
embodiment of the present invention.

[23] Fig. 10 is a plan view of a motor drive constructed in accordance with an
embodiment of the present invention.

[24] Fig. 11 is a plan view of a motor drive constructed in accordance with an
embodiment of the present invention.

[25] Fig. 12 is a plan view of a heat sink for use with an embodiment of the
present invention.

[26] Fig. 13 is a plan view of a water cooled plate for use with an embodiment of
the present invention.

[27] Fig. 14 is a plan view of an exemplary input panel for an application specific
module constructed in accordance with an embodiment of the present invention.

[28] Fig. 15 is a plan view of an exemplary output panel for an application specific

module constructed in accordance with an embodiment of the present invention.



[291 Fig. 16 is a plan view of an exenplary input/output panel for an
application specific nodule constructed in accordance with an enbodi nent
of the present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 301 The
present invention is directed toward a nodul ar power converter having a
power conversion nodul e that can be quickly and easily configured to
support a w de range of power levels and circuit topol ogies. The
applications of the power conversion nodules include, but are not |limted
to, inverters, boost or buck converters, converters, regenerative
inverters, and bus regulators. Sone of the end applications include, but
are not |inil2eH toe. ¥ evapbmsyieal dfermn@denifa 8N@HeYou lpagall foPRS SHTPaES:
windmlls, fuel cells, material handling, cranes and hoists, and a w de

range of ot hepecifiodusdiileatordpRict«tiath QRgordhddkl with 36ChERGR M B RESSENT
invention, an easily adaptable power converter is inplenmented by Creating

an extrenel infdmxib!l e and nodul ar power conversion assenbly. The

nodul arity of the assenbly is designed to allow the use of the sane or
very simlar hardware assenblies to produce multiple power |evels and/or
mul ti pl e topol ogical configurations by sinply reconfiguring the associ ated

7o o oL e kg o R AR e

mul tiple PR¥&" £RY \Il)le'ersgln an%ggloxla (1:sa frgcr’égd togv.rard a modular power converter having a
power conversion module that can be quickly and easily configured to support a
wide range of power levels and circuit topologies. The applications of the power
conversion modules include, but are not limited to, inverters, boost or buck
converters, converters, regenerative inverters, and bus regulators. Some of the end
applications include, but are not limited to, elevators, alternative energy
applications such as windmills, fuel cells, material handling, cranes and hoists, and
a wide range of other industrial applications.
[31] In accordance with the present invention, an easily adaptable power
converter is implemented by creating an extremely flexible and modular power
conversion assembly. The modularity of the assembly is designed to allow the use
of the same or very similar hardware assemblies to produce multiple power levels
and/or multiple topological configurations by simply reconfiguring the associated
input and output electronics, the control logic configuration, the size of the
semiconductor switch used, and the input and output switch gear for multiple

power conversion applications.



[ 321 A typical power converter, such as a notor drive, has a converter, a
thermal managenent system an inverter, nagnetics, filters, relays,
control logic, current sensors and input and output interface el ectronics.
Preferred enbodi nents of the present invention separate these conponents
by pl aci ng conmponents of the converter and thernmal systemon a core
nodul e. The application specific conponents, such as nmagnetics, filters,
current sensors, relays, etc., are located on a separate application
specific nodul e. By using the sane basic power conversion nodule for a

wi de range of power sizes and applications, the power conversion nodules
can be produgad wi.th econom es of scale that wll allowfor significan
Cost  advantHgest THOARIN SRE FHE FRULTCE e QLT dHd: PO B EohHECREd | n
parallel to accomobdate nultiple power |evel _ outputs and PO r. flow

i ncl udi ng bifRadRFERERoEe™: PRITVRETe MRIFGIROW kG SFrRaYs] coy raﬁagﬁcw CYRRPEE t er
assenbly 100 constructed in accordance wth one enbodi nent of the present
i nvention i SEERBWACD Fputand exBBbinterecoelepraics | Prefarpdwebodgneriptad the
assenbly 100 includes two core power conversion nodules 102 and 104
(sonet i mes Peenrt dgveandions sepwiate ribded exwmponerhinért phicing cowpeppits cel ithe
specific interface nodul es 106 and 108. Power conversion and thernal
managenent emeetendimt therimhle sgoeer power comduhebsild02 Tlendphldaticthepecific
magnetics, filters, contactors, relays, current sensors and ot her

appl i cat i oncapgeichisc scdnponephai@r Bltagt cpaeit @hséRerddowebtes Gy &lcatadnn a
nodul es 102 and 104. This allows the power conversion nodules 102 and 104

the flexibikdpfayatkCappliaflhie sfedi®d Yaolulle BINGEnOFh@RRICRHi OpsweldONREdiSYVEl S,

and topol ogi es w t hout
module for a wide range of power sizes and applications, the power conversion
modules can be produced with economies of scale that will allow for significant cost
advantages. In addition, the modules are designed to be connected in parallel to
accommodate multiple power level outputs and power flow including bi-directional.
[33] Referring now to FIG. 1, a power converter assembly 100 constructed in
accordance with one embodiment of the present invention is shown. In the
embodiment of FIG. 1, the power converter assembly 100 inciudes two core power
conversion modules 102 and 104 (sometimes referred to as “core modules”)
connected to two application specific interface modules 106 and 108. Power
conversion and thermal management are handled by the core power modules 102
and 104. The magnetics, filters, contactors, relays, current sensors and other
application specific components are not part of the power conversion modules 102

and 104. This allows the power conversion modules 102 and 104 the flexibility to

handle a very wide range of applications, power levels, and topologies without

10



10 requiring that they be redesigned for each particul ar application. Thus,
by decoupling the application specific conponents 106 and 108 fromthe
core power conversion nodules 102 and 104, a power supply assenbly is
created that can be easily changed dependi ng upon the application. [341
The core nodul es 102 and 104 preferably contain the thermal system 110,
gate drive and power supply conponents for the power conversion swtches,
optional power interface electronics, control electronics and configurable
i nput/output interface electronics, all mounted within a housing 112. The
control electronics are programmable so that they can be varied for

i ndi vi dual apphirost thats th&hée applsicnati Hp sRBChhiticulat epbReLiAUTaS, 106
and 108 include application specific conponents such as AC/ DC contactors,

current senstsyplilgegicr apEgAGbh Gpekifit @bhBHLNEE U6l L,81 308 Ghdm thS c%fbo%ﬁ%éx“
FIG 1, the core nodul es 102 and 104 can be connected in parallel
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preferably %ﬁggnahh%QEQQRM“ﬁﬁgﬁbgﬁPﬂﬁ%ﬁﬁﬁaﬁ?%e modul e 102 and 104 with a

DC bus that can be connect n- para the DC bus of another core

nodul e. Th t nodul.e 102, or
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parallel, there are gustop1nnd|f|cat|ons t hat
power 1nteriace electronics, control electronics and configurable input/output

interface electronics, all mounted within a housing 112. The control electronics are
programmable so that they can be varied for individual applications. The
application specific interface medules 106 and 108 include application specific
components such as AC/DC contactors, current sensors, electromagnetic
interference filters, etc. As shown in FIG. 1, the core modules 102 and 104 can be
connected in parallel to increase the maximum power handling capabilities of the
power supply 100 and supply multiple application specific modules 106 and 108.
This is preferably accomplished by providing each core module 102 and 104 with a
DC bus that can be connected in parallel with the DC bus of another core module.
Thus, the same basic power conversion module 102 or 104 may be used to produce a
wide range of power levels or ratings. Conversely, when conventional systems use
different power conversion elements such as inverters or drives with all the
associated switch gear connected in parallel, there are custom modifications that

must be made to each power module to allow for the parallel operation. The present
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must be made to each power nodule to allow for the parallel operation. The
present 11 invention uses the sanme core power conversion nodule 102 and
104 for multiple levels to make this parallel operation sinpler. In such a
case, single user interface 114 can be used to control each of the core
nodul es 102 and 104. [351 The electrical and nechani cal designs of the
thermal system gate drive if |1GBTs or a driving circuit for other power
sem conduct or switches and power supply conponents, optional power
interface electronics, control electronics, input/output interface

el ectronics, AC/DC contactors, current sensors, electromagnetic

interference figﬁers, c.,_are conventional. and well understood by those
of oki |1 1 mEHEOR B T SPERIGES SREGh TSR Ar ot hd P ABbertt TVEIKITOR | s
directed to,the novel _nodul ar.arrangenent. and architecture of these
functional ESRSdAHE it Reralieharergbor fmariph ﬁﬂ %éﬂe%w.» sygle1usey pricaiares
the magnetics, filters, etc., which are applicati on and power dependent,
are conbi nedldfathbe wedfaspetrposash of Hhacars medulsni 08 had 10HGBTs for  exanpl e)
and with the thermal system By separating the application specific
conmponent s {3%bm Theeelagmicabphil caedhenicspdesitng of thrptheemad systie, [zase drizeviér
conversion nodul e can be reused with the required application specific
conponent s. IGHRusy a theingon eunnidubésr panebsethivdhductonr ssvisdparad eoweghuppdt une,
highly efficient line and married with the application specific power
| evel conpoaeitcseats, apsepar pdveer imRadd@cdledtidiged, @6@drbloslectihgicd, Nnppht/angut
out put power sem conductor sw tches, such
interface electronics, AC/DC contactors, current sensors, electromagnetic
interference filters, etc., are conventional and well understood by those of skill in
the art and are not shown in detail. The present invention is directed to the novel
modular arrangement and architecture of these functional components within the
power supply assembly.
[36] Typically, the magnetics, filters, etc., which are application and power
dependent, are combined with the basic power conversion switches (IGBTs for
example) and with the thermal system. By separating the application specific
components from the non-application specific components, the basic power
conversion module can be reused with the required application specific components.
Thus, the core modules can be built on a separate high volume, highly efficient line
and married with the application specific power level components at a separate
manufacturing location. The input and output power semiconductor switches, such

as the IGBTs, are mounted on a flexible thermal system assembly including a

heatsink (air or liquid) for easy configuration and flexibility. When modifications to
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as the 1 GBTs, are nounted on a flexible thermal system assenbly including a
heatsink (air or liquid) for easy configuration and flexibility. Wen

nodi fications to 12 the power sem conductor switches of the core nodul es
102 and 104 are required, they can be acconplished by sinply replacing the
power sem conductor switches nounted on a flexible thermal assenbly (air
or liquid). However, the sane | GBT or equival ent power sem conductor
switch may often be used in the core power conversion nodule for multiple
applications or topologies sinply by altering the application specific
sub- panel s and re-programm ng of the control software and installing the

proper har dvae gokegisemi@thduetor [s3dhRebethd BeenQ¥ALRs ThSSnd2(@t So rdfired,
enbodi ment of a core power nodule 200 is shown. The core power nodul e 200

(102, 104 onhky @anbe ARSnPNsBEE Ib?%ﬁl}?%léé@é th@%‘ﬂ%@? s@ﬂy]%o%'a%tgf; 18

|nternal conponents of the nodul e e encl osure es a cover 204

that can be meth 350U A G5 AR L AN RU8) i 08 o SRELOIEROR, 1

designed to be nodul ar and f exl bl e suc eas

to a vari et I For .exa t he r uratlon of
t he control¥gP%€?$% #§§£t§%§gQ§?Tdmbe 3ﬁ§n5@g P enﬂﬁ1éﬁ% fntﬂ? gﬁﬁl?%@ﬁqon
reqU|renents %@aadd|t¢ t he ggs of the enclosure 202 % be r enoved
such that rmultipre € ‘eerrfB GPRUGRERES X SOPHLogIHNEBPEY OF i lpaing the

t her eby prOVIdg 9, for ng|nun1expandab|I|ty A user interface 206 is also
provi ded t hAPPRTA“SRs Secifierubpanslacd sy resirmatire afhideperol cofvere emd The

user interface 206 nay be a renote
installing the proper hardware logic module.

[87] Referring now to FIGS. 2(a-c), an embodiment of a core power module 200 is
shown. The core power module 200 (102, 104 on Fig. 1) has an enclosure 202 that
houses and protects the internal components of the module. The enclosure 202
includes a cover 204 that can be removed as shown in FIGS. 2(b) and 2(c). The
enclosure 202 is designed to be modular and flexible such that it can easily be
configured to a variety of applications. For example, the number and configuration
of the control electronics can easily be changed to implement the application
requirements. In addition, the sides of the enclosure 202 may be removed such that
multiple core modules 200 can be easily connected in parallel thereby providing for
maximum expandability. A user interface 206 is also provided that allows a user to
reset or configure the power converter. The user interface 206 may be a remote
control for a motor drive. However, it will be readily appreciated by those skilled in
the art that any user inputs required by a particular application can be

incorporated into the user interface 206 with minimal modification to the core
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control for a notor drive. However, it will be readily appreciated by those
skilled in the art that any user inputs required by a particular
application can be incorporated into the user interface 206 with m ni mal
nodi fication to the core 13 nodul e 200. The core power nodul e 200 has an

el ectrical interface 208 that allows the application specific circuitry to
be coupled to the core nodule. [381 A vent 210 is provided on the core
power nodul e 200 that allows the thermal system 210 to dissipate heat. The
thermal system which includes conponents such as a fan, heat sink, heat
exchanger and/or liquid cooled plate, is oriented such that the interface

208 to the td | [ gg LTS makes: it . easy t cgﬂp C and
configure tﬁggﬁgﬁﬁgfi%@?&%épﬁﬁFf (%ugb%¥§%?%.%gb V“? Hﬁgﬂgﬁi egu#ﬁhgﬁ% art
of power cgnverter,.electronics, the therq%t nagenment function of the
power rodul & SRFGCRUR B%ecffp?‘f}p(i“écﬁétﬁ%’ s fPuRk ?ngzlﬁfglevﬁn? "8 t her an air or
i quid cool approach. . [391] Qi shown in Fig. 2(c¢) t&;.c re dul e 200
includes a &&pact Vet PIY2dehan tRuFIE MONST B0 allats The L
t he source power supply fromone set of electrical_ paranmeters to another.
The swi t chi fiFteR il é2 dpsipate beast | Thesthewpal svstpre.gvhigh prglndesscompapmabs sgeh
"power sem conductor switches") are preferably nounted on a heat sink to
i nprove t heasapifti.theappinkhdesboexehaper anPooliqdd dplsi patte, isentensertisudhndref or e
handl e applications requiring higher anmobunts of power. In addition, the
swi t chi ng dihiices st £0B o the negnetigoiserot dopvdids | Dinis mpdwset 20§ tarcennat to
stacked vertically or conbined such that the heat |oss of the | ower one is
t r ansf er r edafidcddfggure the magnetics. As will be appreciated by those skilled in the art of
power converter electronies, the thermal management function of the power module
200 can be implemented in accordance with either an air or liquid cooled approach.
[39] As shown in Fig. 2(c), the core module 200 includes a capacitor bank 212 and
switching devices 214 used to convert the source power supply from one set of
electrical parameters to another. The switching devices 214 (sometimes referred to
herein as “IGBTSs” or “power semiconductor switches”) are preferably mounted on a
heat sink to improve the ability of the core module 200 to dissipate heat and
therefore handle applications requiring higher amounts of power. In addition, the
switching devices 214 in the core power conversion module 200 are not stacked
vertically or combined such that the heat loss of the lower one is transferred to the
top one. This allows the core power conversion module 200 to have more application
flexibility and reduces the thermal stress on the switching devices 214 in the

converter. The thermal efficiency of not stacking the power conversion elements of

the converter and inverter also allows for more efficient use of power semiconductor
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top one. This allows the core power conversion nodule 200 to have nore
application flexibility and reduces the thermal stress on the sw tching
devices 214 in the converter. The thermal efficiency of not stacking the
power conversion elenents of the converter and inverter also allows for
nore efficient use of power sem conductor 14 devices such as | GBTs, The
switching devices 214 are also preferably nounted a thermal subsystemthat
can easily be replaced without the need to redesign or reconfigure the
core power conversion nodul e 200. 1401 Referring nowto FIGS. 3(a) and
3(b), sanple application specific nodules 302 and 304 are shown, The
appl i cati on depmes tirch mpd(HBds. 302 awidcldfd deontaind sappldogatiommispeaiftte a
conponents such as magnetic transforners and i nductors 306 (sonetines

col | ecti vel ytheehar segysienhehet tarnsasiiBgoabpRSed witlk gk o d3Q8vedbkibh &4:S
310, relays, current sensors, etc. The application specific nodul e housing

312 is desirgagtighe tl’ﬁ-:tc%é/\b&»heﬂ&aﬁv&@{o% ADfYL @ogncl osure 202. I n addition,
contacts (not shown in FIG 3) are provided on the application specific

dul es 302 [anid ROk Wt o t
rr”gdﬂl gSZOO ([‘%332 ﬁ%‘%&f g%tno'rvgcl) FaWst Qﬁ%hg Sg:i)le%glg[%l E%eglﬂ)ﬁrﬁ%%&f é?]’ll élgl?essﬁ%rv%’] -

15 2 TR A, PR U

skilled in the art that an ex arrety

o= 02 R R B B B b

approach of (&‘Eorr]neet nligssgo fecg\eze y rrflzfelrﬁeci[ go iglpe?rrl az;[se Igggenett%gl)cggntggtloy s 308, filters
310, relays, current sensors, etc. The application specific module housing 312 is
designed to mate with the core module enclosure 202. In addition, contacts (not
shown in FIG. 3) are provided on the application specific modules 302 and 304 that
allow them to electrically connect to the core module 200 (102, 104 on Fig. 1). The
application specific modules shown in FIG. 3 are only exemplary and it will be
readily appreciated by those skilled in the art that an extremely wide variety of
application specific modules 302 and 304 could be designed to physically and
electrically interface with the core module of the present invention.
[41] A fundamental approach of the present design is to separate the typical drive
inverter and converter design functions of a power converter into separate
assemblies. Referring now to FIG. 4, a block diagram of the layout of one
embodiment of the control logic electronics in the present invention is shown. A

converter or utility side main control board 402 is provided for the utility side

converter and an inverter or motor side main control board 404 is provided for the
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inverter and converter design functions of a power converter into separate
assenblies. Referring nowto FIG 4, a block diagramof the |ayout of one
enbodi ment of the control logic electronics in the present invention is
shown. A converter or utility side nmain control board 402 is provided for
the utility side converter and an inverter or notor side main control
board 404 is provided for the 15 notor side inverter. The utility side main
control board 402 is connected to a product interface board 406 for the
utility side converter. The product interface board 406 is in turn
connected to a series of gate drive boards 408. In a simlar fashion, the

i nverter mhﬂyt&ogﬁrd\ra C{(%,VB‘B&Y d T/'h% éll\?\fﬂ' re]eI(i:lEi end ccgnc%x'oq lpoax ucfEJKZ {é,n%oglrnfegtcg toboar d

410 for the notor e’inverter, urn'is connecte a Séeries

gate drive_boar S |np out ut board 414 is I vi ded
that al | ove” 4Re ] t&ff s ST AT 2 fafp?lﬁfa PRYIF: ﬁlzfptpé%ﬁfc anfgrace
parti cul ar gusto . appllcatlon The Iom/§$vel gqnt and |n%$rfaC|ng
hardwar e i s 88 P URR\RENESHR] Bha|sevige S gate frre B‘i‘)‘l@sc%ﬂsl ol 8p¥RIET ¢

requi rements._ The Iom1|eve| architecture is also designed to have a
flexibl e deSEBins tieh laveater madins emitvedr Roasd 49pt isorapectad de rbpreskct dnigrface hat
is needed to handl e new applications. For exanple, the product interface
boards 406 Basad44l@ fay éhalexiteneide ducdrtarh athicth gy twanisbeneeded yo ar eppleacmde wi t h
optional interface boards tailored to a specific application. In addition,
t he gate driwesbeards @léced casiogat enrtiongpinoarad 4412s ahd pbd8idedcthat hHtwe hey
can easily be replaced with alternative gate drive boards having different
the power converter to be coupled to and adapted for a particular customer
application. The low level control and interfacing hardware is designed to have
optional versions for application specific requirements. The low level architecture is
also designed to have a flexible design such that new software or optional
assemblies is all that is needed to handle new applications. For example, the
product interface boards 406 and 410 are designed such that they can be easily
replaced with optional interface boards tailored to a specific application. In
addition, the gate drives are placed on gate drive boards 412 and 418 such that they
can easily be replaced with alternative gate drive boards having different
properties. Thus, dividing the power converter into a series of interconnected
boards allows the power converter to be readily adapted for individual applications
simply by reconfiguring only those boards that are required for the application.
[42] Referring now to FIG. 5, a block diagram illustrating the division of power

converter functions between the core module 502 (102, 104 on Fig. 1) and the

application specific module 504 (302, 304 on Figs. 3(a) and 3(b) is shown. The core
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properties. Thus, dividing the power converter into a series of

i nterconnected boards allows the power converter to be readily adapted for
i ndi vi dual applications sinply by reconfiguring only those boards that are
required for the application. [421 Referring nowto FIG 5, a block diagram
illustrating the division of power converter functions between the core
nodul e 502 (102, 104 on Fig. 1) and the application specific nodule 504
(302, 304 on Figs. 3(a) and 3(b) is shown. The core 16 nodul e 502 cont ai ns
the thermal system 506, power converter power sem conductor swtches 508
and control electronics 510. The thermal system 506 is positioned in the
core nodul e @ihls B0 chiitainsi the Whédm 4Gk stefd 804, @& eWedvettae pbRbLESBREnductor

el ectronics 514. The power converter power switches 508 is provided on a

sub- assenbl yweichepb0®and keadl SueRtiBab10.t TEaRLDEn AAS Y EOPLAESG M AN
second power converter 508 to alter the performance characteristics of the

power convekhL&kore A1 30BbS QLctElSE {91 §& lﬁgEQ'fel @%ﬁt}p{h%flﬁfeqﬁll cREQOLRHRRI €

such that the performance of the core nodule 502 can e altere

simply by r i Od: vﬁe{?goggextt&e GO 5&9&0}%}'86%%%1%§he app%‘% rafssaecn? el eCttl‘ gni ¢s

514 are used to the ore no ication s eci

dul e 504. t fe bI d t
2 DC  bus 5%5&6333%5 8 F“ﬁ%“ Wi dRasS SRR ATEnH S Bitn 206 oaéé
be cpnneptegg f aralle g%'%V'd i ncreased mer Ievels 431 T
appl i cation %8%3 TRANHE IE“@C HYUCROF HfeROTH Wrvater: of Bt E46HL ec"SlPG‘mFoF’rm

mating with the int {face el ectronics 514 of the core nodul e 502 and
recei ving t AE preferably programmable such that the performance of the core module 502 can

also be altered simply by reprogramming the control electronics 510. Interface
electronics 514 are used to couple the core module 502 to the application specific
module 504. In addition, the core module 502 preferably provides access to a DC
bus 512 such that the DC buses 512 of multiple core modules 502 can be connected
in parallel to provide increased power levels.

{431 The application specific module 504 includes interface electronics 516 for
mating with the interface electronics 514 of the core module 502 and receiving the
output of the core module 502. The application specific module 504 shown in FIG. 5
includes a power inverter 524, current sensors 518, contactors 520, filters 522 and
magnetics 526. However, as will be appreciated by those skilled in the art, the
application module 504 will be specifically tailored to a particular application and
the exact components on the application modules will depend upon the particular

application to which it is tailored.
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out put of the core nodul e 502. The application specific nodule 504 shown in
FIG 5 includes a power inverter 524, current sensors 518, contactors 520,
filters 522 and nagnetics 526. However, as will be appreciated by those
skilled in the art, the application nodule 504 will be specifically
tailored to a particular application and the exact conponents on the
application nodules will depend upon the particular application to which
it is tailored. 17 [441 Various power converter arrangenments constructed in
accordance with enbodi ments of the present invention are shown in Figs.
6-17. More particularly, Fig. 6 shows a nodul ar cabinet structure 602 for

nounti ng an i_ment fh resent vention, .Th pplicati specific
Todul ¢ bae SETPPELIRA pilet "Sa B SR Gkl Ao DG APRL £3M A0 REE
outputs of the power copverter. .The power converter Q6 i.s contai ned
Mthin the ERpeRaRRls SOk s h SR S e Bl B 18R Pl Bivs 0
for the notgr drive is upted, near the thernmal system of the core dul e.
The react or 6%33 Ve ?@BB’W @RS styustire et r%ﬂﬁ@g&f@ﬁ&%@%ﬂ%rﬂﬁﬁw

as an inpedance between AC Line and the DC bus. In this case the reactor
is placed BFFSEReIFERIM off he HEP Retbiometpepidis guedlle hap antigpuhoaipat Raneb Gt on
the subpanel. [451 Fig. 7 is a plan view of an interconnected cabi net
struct ure 70mticorfigiganthaigputs st ortpatd sfehe poweremyaries Whe mowar enbyottenent
of the present invention. The cabinets 704, and the power converters
mount ed t hef@i ms centeirddswijhed tho che pocoaneatedsiom mpahad lsald tle aceamibdat e
applications requiring nultiple power

reactor 608 for the motor drive is mounted near the thermal system of the core

module. The reactor 608 in this application is used by the regenerative converter as

an impedance between AC Line and the DC bus. In this case the reactor is placed

on the floor of the cabinet because it is too heavy to mount on the subpanel.

[45] Fig. 7 is a plan view of an interconnected cabinet structure 702 for mounting

a motor drive in accordance with an embodiment of the present invention. The

cabinets 704, and the power converters mounted therein, are designed to be

connected in parallel to accommodate applications requiring multiple power

converters or large amounts of power in much the same way as the core modules

themselves. The cabinet is dimensioned such that the power reactor 708 can be

mounted adjacent to the thermal system. The input panels 704 and output panels

706 are mounted in adjacent ends of the cabinet 702 to facilitate connection to the

external devices.

[46] Fig. 8 is a plan view of the motor drive of Fig. 7 removed from the cabinet

802. The power reactor 806 is mounted on end of the core module. The input 802
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converters or |arge anounts of power in nmuch the sanme way as the core
nodul es thensel ves. The cabinet is dinensioned such that the power reactor
708 can be nounted adjacent to the thernmal system The input panels 704
and output panels 706 are nounted in adjacent ends of the cabinet 702 to
facilitate connection to the external devices. [461 Fig. 8 is a plan view
of the notor drive of Fig. 7 renoved fromthe cabinet 802. The power
reactor 806 is nounted on end of the core nodule. The input 802 18 and

out put 804 panels are nounted on the application specific nodule and
coupled to the power converters 808 nounted on the core nodul es. The power
converter tisd ottput AptipaselbpanelouBOH bis thisepblastian sbo@t naRkestEEoupldi Ch
is used for regeneration, and the other power converter tied with the

out put 804 ab thtipodapplineaittGIBIBREGHAIE onMREULR th&lWISEArRSp Ao BUEILE 1idL
run a notor. This is an exanple of how the same basic power conversion

modul e i s beb @@&Sﬁ%ﬁhﬁel_@@ﬂi%ﬁgﬁ b eheRbudf &ﬂ@@l}t%gﬁvhégigﬁs%seh% r%lggé{]aﬁﬁht y

and flexibility of this invention are unique. I's a plan view of

an exenpl ar ypBONRrotEONYSHS QA vHREH kﬁd%ﬁi@ﬁtthé‘%hfpgmi dha (?fct%g{)ag)%?%%%g\ri tﬁ}gecgg :

enbodi nent of the present invention. e cooll system

converter assenb r hown nounted on t .core nodule. .[[481_Fig. 10
% Yst 4 A& FY, TRYAL an%a{})fl'e S B @1 e@alw)]teﬁnfgbﬁg th@é@%fnreo'

is a plan view o € power conversion \
sub panel " RARYBHLLOSHOND.L RRASH A HAES dOWo M0 EAR3S hOLBar it 0%
modularity and flexibility of this invention are unique.
[47] Fig. 9isa plan view of an exemplary power conversion module constructed in
accordance with an embodiment of the present invention. The cooling system 902
and the power converter assembly 904 are shown mounted on the core module.
[48] Fig. 10 is a plan view of the power conversion module of Fig. 9 with the
control sub panel removed to shown the switches 1002 and a capacitor bank 1004
mounted on the core module.
[49] Fig. 11 is a plan view of the core module for the power conversion module of
Fig. 10 with the thermal cooling system cover removed to reveal the power
conversion module’s cooling blower 1102.
[50] Fig. 12 is a plan view of an exemplary air-cooled heat sink 1202 for use with
an embodiment of the present invention. The heat sink 1202 is thermally connected
to switches 1204 and includes cooling air fins 1206.
[61] Fig. 13 is a plan view of a liquid-cooled heat sink 1302 for use with an

embodiment of the present invention. The water-cooled plate 1302 is thermally
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[491 Fig. 11 is a plan view of the core nodule for the power conversion
nodule of Fig. 10 with the thermal cooling system cover renoved to revea

t he power conversion nodul e's cooling blower 1102. [501 Fig. 12 is a plan
view of an exenplary air-cooled heat sink 1202 for use with an enbodi nment
of the present invention. The heat sink 1202 is thermally connected to
switches 1204 and includes cooling air fins 1206. [511 Fig. 13 is a plan
view of a |iquid-cooled heat sink 1302 for use with an enbodi nent of the
present invention. The water-cooled plate 1302 is thermally 19 connected to
swi tches 1304 and includes conventional cooling water inputs and outputs
1306. [521 Ej 1s_a.plan,yiew of. an .exenpl ary input. panel f.or an
applicationcégg%%éi%)Sﬁ%@ﬁsel%%ﬁg gd@?@%e?ﬁoé%%%¥8%%§%ﬁﬂﬁtﬁa%ﬁ’@' %H?ﬂ%nt

of the presen{ iny@g}ion. As di scussed above, the input panel 1402

i ncl udes appl'iP¥4t 1O speci fic conmponents such as an el ectromagneti c
interference filter_ 1404, AC contactor 1406, current sensors, 1408,

pre- char ge E’é‘}b gl E1d Plamhgerd-stoneaelay ipnderaned for an gpnliqatign specifis
pl an view of an output panel 1502 for an application specific nodule

const r uct edMOAUECEBPAHES InRederdance o Prembodimaeo! phepeasent myerietonds The
out put panel 1502 includes a DC field assenbly 1504, a DC contactor 1506, a
filter 1508disapfded abeventhesiansbpendsH02 iTheddsrpplicpanespetdBommpdnents puth
panel 1502 for the application specific nodules are exenplary only and, in
accor dance @i fh eldveromagnetic interference filter 1404, AC contactor 14086, current sensors

1408, pre-charge PC board 1410, and pre-contactor fuses 1412.

[63] Fig. 15 is a plan view of an output panel 1502 for an application specific
module constructed in accordance with an embodiment of the present invention.
The output panel 1502 includes a DC field assembly 1504, a DC contactor 1506, a
filter 1508, and current sensors 1510. The input panel 1402 and output panel 1502
for the application specific modules are exemplary only and, in accordance with the
present invention, a wide variety of input and output panels could be mounted on
the application specific module.

[64] Fig. 16 is a plan view of a combination input/output panel 1602 for the
application specific module of a single module motor drive application constructed
in accordance with an embodiment of the present invention. The input/output panel
1602 includes all the application specific input/foutput components such as a
electromagnetic interference filter 1604, AC contactor 1606, precharge PC board

1608, pre-charge contactor fuses 1610, DC field assembly 1612, DC contactor 1614,
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present invention, a wide variety of input and out put panels could be
nmounted on the application specific nodule. [541 Fig. 16 is a plan view of
a conbi nation input/output panel 1602 for the application specific nodule
of a single nodule notor drive application constructed in accordance with
an enbodi rent of the present invention. The input/output panel 1602
i ncludes all the application specific input/output conponents such as a
el ectromagnetic interference filter 1604, AC contactor 1606, precharge PC
board 1608, pre-charge contactor fuses 1610, DC field assenbly 1612, DC
contactor 1614, 20 filter 1616, current sensors 1618, field term nal bl ock
1620 and DC ébntﬁﬁﬁopuﬁﬁntb@amGSIBEQ ﬁ@&&énﬁhﬁlmkekenmedm&nbmHMﬁEm&& elC the
present invention can handle bi-directional power flow for applications in
fields such merdy&éxal industrial, elevators, cranes and hoists, material
handling and alternative energy. For exanple, in elevator applications,

the desi gn d&sl b®he préfhgua eehboRindddtoWr f&rpl@sédﬁllhvérﬁwn c%%’nfa ?]Oéwéc%hé{i
| i ne regenerative power converter for both A and DC not ors. e I nput or

out put pOWow@ﬁ@lono@"hp%ﬁchﬁorQer Qbfd@%ch ?alt ﬁ%uéﬂ'?&ﬁl kfgt%b%: %@ax? S an

easily reconfigured, the type of power t source exi

el evat or eng,ySig;is:@pP Hlaft&%l' Hgndﬁlg_ke aH(? {81 na?tgvrec gn&rs%érf%% eX"iIHE I’ IJ,.T) &;f\'%élgﬂ- b

one reconfigures the system e ou

?hgcp?ggcra?\te I{)%@%Qrtlft%lngnh’%[ g&/eggnaéac gsgﬁgﬁmgé ?o al-wvg chE'D acxj qul? foﬁO&All;tegdmcr?tn(\)/le{utler of
line regenerative power converter for both AC and DC motors. The input or output
power can be an AC or DC voltage. Because the topologies can be easily
reconfigured, the type of power that is sourced is flexible. In an elevator end use
application, the power source is the AC line; however, if one reconfigures the system
to a simple output inverter, the input can be a DC source from a photovoltaic panel,
[56] The modular power converter of the present invention is an improvement
over the prior art in that it allows the same basic core assemblies to be used to
generate multiple power levels, allows for paralleling of the conversion modules at
the DC bus level, and provides for flexible controls and input/output interfacing. In
addition, the present invention provides for easy AC and DC control and bi-
directional power flow control. The power conversion elements are contained within
a configurable or expandable enclosure that accommodates a wide range of
applications. The product resources required in terms of time and cost for a wide

range of applications is dramatically reduced because the time to develop the

product is limited to the selection of the non-power conversion elements and the
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over the prior art in that it allows the sane basic core assenblies to be
used to generate multiple power levels, allows for paralleling of the
conversion nodules at the DC bus |evel, and provides for flexible controls
and input/output interfacing, In addition, the present invention provides
for easy AC and DC control and bi- directional power flow control. The
power conversion elenents are contained within a configurable or
expandabl e encl osure that accomopdates a wi de range of applications. The
product resources required in terns of tinme and cost for a wide range of
applications is dramatically reduced because the tinme to devel op the
product is Liym.ted t | ect | t Qn- power convey.sj o ts
nd the 21 Sk of fost BEyRR EEkhobhsBle IR SRVSBRRMEL SR SRRt BTt
drive designs, .the objectj.ve s to timze the conpl ef e power. conversion
cost at a pARETEN HFo & SRmTae (hk comlte| BB FORRBR ISRt Tb A PORTLCTIRR 7
present invention optim zes the cQst a si ze of power conversion but
separat es oRTVEHEY ﬁ?‘étﬁiié’tpipéa‘ﬁa%‘?n Oﬁés'aEgF PESIED N ERE N B RENZ jppicand
el ements. [571 Thus, although there have been described particul ar
embodi ment sS16§ 0t REWCHPANERTLOR Wpé PEPHiRtest ol thewinderTatigrfof[thivsanlieatiomosit
Converter Assenbly, it is not intended that such references be construed
as |imitatiBerspedilic plemsgdpe of this invention except as set forth in the
following clainms. 22 CLAIMS

[57] Thus, although there have been described particular embodiments of the

present invention of a new and useful Modular Power Converter Assembly, it is not
intended that such references be construed as limitations upon the scope of this

invention except as set forth in the following claims.
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What is claimed is: 1. A nodul ar power converter for providing power to a
power consum ng device, the nodul ar power converter conprising: a core
power conversion nodul e for receiving power froma power source and
converting said power froma first set of power characteristics to a second
set of power characteristics wherein said core power conversion nodul e has
at | east one power conversion switch and an out put connector; and an
application specific nodul e adapted to be renovably coupled to said output
connector wherein said application specific nodule contains sone power
conponents and application specific conponents designed to interface said
core power conversion nodule to a partdiguhas power consum ng application
2. The nodul ar power converter of claim1l wherein said at | east one power

conver si on CONPOmMEfH: i Sak@isir ucted on a sub panel which is coupled to said
core power conversion nodule. 3. The nodul ar power converter of claiml

wherein said core POV, LARVELSORIRLL £, ip?‘o@gﬁl%t bk QoRe 8\9@&}&%@1&]&%

parallel with at |east one additional core power “conversi oh nodu

that a powerg,ou f i or wer conver.sion nodules is conbined. 23
4. The modul‘ar %ga%Pﬂggﬁgégﬁé}cﬁ?BE al ML Wher ei n sai d application specific

nodul e may contajn at | east one of a.filter, a contactor, a relay and
current sensor a core power conversion module for receiving power from a power source an

converting said power from a first set of power characteristics to a second set of power
characteristics wherein said core power conversion module has at least one power
conversion switch and an output connector; and

an application specific module adapted to be removably coupled to said output
connector wherein said application specific module contains some power components
and application specific components designed to interface said core power conversion

module to a particular power consuming application

2, The modular power converter of claim 1 wherein said at least one power
conversion component is constructed on a sub panel which is coupled to said core

power conversion module.

3. The modular power converter of claim 1 wherein said core power
conversion module is adapted to be connected in parallel with at least one additional
core power conversion module such that a power output of said core power conversion

modules is combined.
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5. The nodul ar power converter of claim1l wherein said core power
conversion nodul e includes a thermal managenent system 6. The nodul ar
power converter of claim1l wherein said nodular power supply is configured
to allow for bi-directional or non-regenerative flow. 7. The nodul ar power
converter of claim1l wherein a bus capacitance of said core power
conversion nodule is approximately equally distributed along said output.
8. A power converter for receiving electrical power having a first set of
paranmeters and converting said electrical power into electrical power
having a second set of paranmeters, said power supply conprising a power
conversion nodul e adapted to receive one of a plurality of application
speci fic nodul es wherein said power conversion nodul e has at | east one

power conversion, Sw and mhereln sai d | i cation specific nodul e_has
at |east one pover chﬁﬁ Emgcmﬁﬁgﬁb8€g$ iﬁ&@f?@ﬁaﬁkm%*%ﬁ?ﬁ%?ﬂﬁﬁé?eln

sai d power conversion nodul e has a bus. . The power converter of claim9
wher ei n sai BOPBRERSCEHRBP S éﬁ@hmf@ filéer %@aﬁ@@ar pgehe B ieETeay spppor.
parallel with a second power conversion nodule such that said bus of said
power conversion nodule is connected in parallel with a bus of said second
power conversion nodule. 11. The power converter of claim8 wherein said at
| east one power 5. The modular power converter of claimm 1 wherein said core power

conversion module includes a thermal management system.

6. The modular power converter of claim 1 wherein said modular power

supply is configured to allow for bi-directional or non-regenerative flow.

7. The modular power converter of claim 1 wherein a bus capacitance of
said core power conversion module is approximately equally distributed along said

output.

8, A power converter for receiving electrical power having a first set of
parameters and converting said electrical power into electrical power having a second
set of parameters, said power supply comprising a power conversion module adapted
to receive one of a plurality of application specific modules wherein said power
conversion module has at least one power conversion switch and wherein said

application specific module has at least one power component.
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conponent is nounted on a sub panel assenbly of said power conversion
nodul e. 12. The power converter of claim8 wherein said power converter is
configured to allow for bi-directional or non-regenerative power flow 13.
The power converter of claim8 wherein said application specific nodule may
contain at least one of a filter, a contactor, a relay and a current
sensor. 14. The nodul ar power converter of claim8 wherein said power
conversi on nodul e i ncludes a thermal dissipation system 25 15. A nodul ar
power converter system adapted to provide varying anounts of power having
di fferent power characteristics, said power converter conprising a core
modul e havi ng at 9 easthopevpovevenenuielbin Sswhérelhh 48 poeeeicmivrgsipowedufer om
a power source and converting said power to a bus voltage and coupling
sai d bus volltaageust 0 a bus wherein said core nodul e has an out put connector
adapted to receive at least one of a plurality of application specific
power inverter nodul es such that said bus voltage is coupled to said
application specific nodule. 16. The nodul ar power converter system of
claim 15 wherei nigai drigofyver B Erio? JGART GIMLEY, ?%ngvglo&')gg&%ﬁg théhule i
parallel with a second core nodul e such that said bus of 'sard core nodul e
is electric : saj.d_second core nodule. 17. The

nodul ar pom%r%%tgﬁ\c/egre% g&%e?/ge?lelm%zafrglféﬁlglﬁ% §ecv(\)ﬁ§ e SETETa fngéglte Sblrﬁ]léﬂba&vwr
converter sg@%ﬂﬂmhgsnn nted on an. opti

board of  said re nodyl e. .18. The
nodul ar power  conver %rp%§%ﬁ%ﬁW8FK@PBPﬁgiésﬁﬁ%@@?ﬁ1§é@ﬂﬁﬁ%dﬂﬁg?%usOfﬁﬂd

second power conversion module.

11.  The power converter of claim 8 wherein said at least one power

component is mounted on a sub panel assembly of said power conversion module.

12, The power converter of claim 8 wherein said power converter is

configured to allow for bi-directional or non-regenerative power flow.

13.  The power converter of claim 8 wherein said application specific module

may contain at least one of a filter, a contactor, a relay and a current sensor.

14.  The modular power converter of claim 8 wherein said power conversion

module includes a thermal dissipation system.
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power converter is configured to allow for bi-directional or
non-regenerative power flow 26 19. The nodul ar power converter system of
claim15 wherein said application specific power inverter nodul e may
contain at |least one of a filter, a contactor, a relay and a current
sensor. 20. The nodul ar power converter systemof claim1l wherein said core
nodul e i ncludes an option board coupling for receiving one of a plurality
of option boards. 21. A nodul ar power converter design conprising:
mechani cal packagi ng nmeans that are nodul ar and scal abl e; power conversion
means that are nodul ar and scal able; thermal nanagenent neans that are

modul ar and scal I%bl €A mﬂﬁﬁﬁw@ﬁ%d (9091 rt&h@ste!n‘? ét%d%é p%}rﬁdec rﬁ%ugnqgln%s and

control software that 1's nod con ur a ower
converter of.claim 21 ein sald @gﬁ g er candbe conflgured to. S%Pport
power conveP PR FEATAY eA‘é’f‘ oP"'BE T aify* AEVGE B ?%acampﬁ’ém
Ia|n121 wherein said c%nverter con |gured

nodul ar power conve
for recelvlng power rom &

as a bi di r eC¥F Il %&ﬁﬁnééﬁ Pattgine diofse copvprter swite

power source and converting said power to a bus voltage and coupling said bus voltage
to a bus wherein said core module has an output connector adapted to receive at least
one of a plurality of application specific power inverter modules such that said bus

voltage is coupled to said application specific module.

16.  The modular power converter system of claim 15 wherein said core
module is configured to be connected in parallel with a second core module such that

said bus of said core module is electrically coupled to a bus of said second core module.

17.  The modular power converter system of claim 15 wherein said at least

one power converter switch is mounted on an option board of said core module.
18.  The modular power converter system of claim 15 wherein said modular

power converter is configured to allow for bi-directional or non-regenerative power

flow.
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19.  The modular power converter system of claim 15 wherein said
application specific power inverter module may contain at least one of a filter, a

contactor, a relay and a current sensor.

20. The modular power converter system of claim 1 wherein said core
module includes an option board coupling for receiving one of a plurality of option

boards.

21, A modular power converter design comprising:
mechanical packaging means that are modular and scalable;
power conversion means that are modular and scalable;
thermal management means that are modular and scalable;
hardware logic that is modular and configurable; and

control software that is modular and configurable.

22. The modular power converter of claim 21 wherein said converter can be

configured to support power conversion from any AC or DC source to any AC or DC

load.

23. The modular power converter of claim 21 wherein said converter is
configured as a bidirectional wind generator drive.
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