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CONTROL APPARATUS 5Technical Field The present-invention Ttelates to

an electric vehicle control apparatus using a cooling unit. Bac d Art
In general, a pernmanent-nmagnet synchronous notor 10can(ﬁ1mmmwm|MMM%mtlize

energy and generate | ess heat, conpared with an induction an
therefore be easily subjected to weight reduction. Therefore, *iheitinds—for a
per manent - magnet synchronous notor have been increasing in recent years.
15Such a permanent - magnet synchronous notor needs to be controlled by
applying a voltage froma VWVF i gverter Rniagcerdapgceg Wwith a rotation
position of a rotor of each pernmanent-magnet synchronous notor. Therefore,
i ndi vidual control corresponding to each 20per nmanent - magnet synchronous
notor is required.

ELECTRIC-VEHICLE CONTROL APPARATUS

5 Technical Field
The present invention relates to an electric
vehicle control apparatus using a cooling unit.
Background Art
In general, a permanent-magnet synchronous motor

10 can efficiently utilize energy and generate less heat,
compared with an induction motor, and can therefore be
easily subjected to weight reduction. Therefore,
démahds for a permanent—madnét'synchronous motor have
‘been increasing in recent yeais.

15 Such a permanent-magnet synchronous motor needs to
be controlled by applying a voltage from a VVVF
inverter in accordance with a rotation position of a
rotor of each permanent-magnet synchronous motor.
Therefore, individual control corresponding to each

20 permanent-magnet synchronous motor is required.
Accordingly, a special VVVF inverter is provided for
each permanent-magnet synchronous motor, and a gate
control apparatus for controlling each VVVF inverter 1is
provided (for example, see Jpn. Pat. Appln. KOKAI

25 Publication No. 2004-143577).

" Therefore, the number of control apparatuses

increases in a conventional system which controls

e
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"Accordingly, a special VWF inverter is provided for each pernanent - nagnet
synchronous notor, and a gate control apparatus for controlling each VVF
inverter is provided (for exanple, see Jpn. Pat. Appin. KOKAlI 25Publication
No. 2004-143577). Therefore, the nunber of control apparatuses increases in
a conventional systemwhich controls 11111111111111121212121111111101111111
*@0002* 2 individually each permanent-magnet synchronous notor. Increase
in size of the entire apparatus and increase in costs have caused probl ens.
Therefore, "trolley control™ of controlling a permanent-nagnet synchronous

Sotor 10 contr ohatipiligaot ! i 8L fahgnlk Nbgdueed, pand chagleaae din size

of the apparatus I's reduce xanp Jpn t. pi n.

Publ i cati on bb'Iggggg§Q4?r ElG 9ri she %h%@%%taﬂb@g%%ﬁkoﬁn@nincrease
el ectric-vehicle control apparatus which introduces conventional trolley

control . Line power kesSHRPLI edut8daptbhsbmiBi NTRike4bl-«200 tand 12ysecond
main circuit 300 through a current collector (pantograph) 100, a hi gh-speed
breaker 101, a &batgbng- bestshan6E1sher bcpbeetibheswmahnet synchronous
5 motor in control units of two motors is introduced, and
increase in size of the apparatus is reduced (for
example, Jpn. Pat. Appln. KOKAI Publication No. 20039-
72049) .
FIG. 9 is a circuit diagram of an electric-vehicle
10 control apparatus which introduces conventional trolley
control. Line power is supplied to a first main
circuit 200 and a second main circuit 300 through a
- current collector (pantograph) 100, a high-speed
breaker 101, a charging—resistance shortcircuit switch
15 102, a charging resistor 103. |
The first main circuit 200 compriseé: a first
opening contact device 104; a first filter reactor 105;
an overvoltage limit circuit comprising a first
overvoltage limit resistor 107 and a first overvoltage
20 limit resistor switch 108; a first and a second direct
voltage detector 109%a, 109b; a first and a second
inverter filter capacitor 110a, 110b; a VVVF inverter
111a, 111b forming a 2-in-1 inverter unit 120a.
VVVF inverter 1llla for the permanent-magnet
25 synchronous electric motor 115a converts a power-line
current as a direct current into an alternating

current. The converted alternating current is supplied



'15102, a charging resistor 103. The first main circuit 200 conprises: a
first opening contact device 104; a first filter reactor 105; an
overvoltage limt circuit conprising a first overvoltage limt resistor 107
and a first overvoltage 20limt resistor swtch 108; a first and a second
direct voltage detector 109a, 109b; a first and a second inverter filter
capacitor 110a, 110b; a VWVF inverter 1lla,5111b formng a 2-in-1 inverter
unit 120a. VWF inverter 11la for the permanent - magnet 25synchronous

el ectric notor 115a converts a power-line current as a direct current into
an alternating current. The converted alternatin rrent | lied as a
drive force to asp@raﬁﬁgﬁt?ﬁﬁaﬁegosﬁngﬁfgﬁ8ﬁgkn3% %%flggkfﬁigﬁgﬁgh current
sensor 112a connec¢t ed a r -p?a line, | egtiriC- r..r.el eas

cont act or 113a,m8§8ra%5§ ec ?ngﬂn o?ﬁfﬁfgﬁng%%ﬁgftg&gadggg%%gFe%B%%i%é.
VWF inverter 1lla.and,YVNFiiipuer 4ar «14h rareneeid gened sien done azaige nanner
as each other, and are connected in series with each other. The inverters
forma 2-in-1 inyepterndnhh 28atand-sbare amecheal radicalger det@thersecond
main circuit 300 is configured in the sane manner as the first main circuit
200. The 2-in-1lililavertgvvenihvé2@arand12- iandl ViViweihee riveirt 1120b aaree
connected in parallel with each other. As a ground, a wheel 116 is
connected to eachnobfigihed2innthei pamet manbhBunials €204 andetrhe and gre
inverter unit 120Db. FIG 10 is a block diagram showi ng a gate
control system obnaacekdctini ecveRbchétBorBLH C&PBarat IESSABWRIILRISI G 9. As

shown in FIG 10, the 2-in-1 inverter ,
form a 2-in-1 inverter unit 120a and share one heat

radiator.
10 The second main circuit 300 is configured in the
same manner as the first main circuit 200. The 2-in-1

inverter unit 120a and 2-in-1 inverter unit 120b are
connected in parallel with each other. As a ground, a
whéel 116 is connected to each of the 2-in-1 inverter

15 unit 120a and the 2-in-1 inverter unit 120b.

| FIG. 10 is a block diagram showing a gate control

system of an electric-vehicle control apparatus shown
in FIG. 9. As shown in FIG. 10, the 2-in-1 inverter
unit 120a is provided with an overvoltage-limit

20 | controller element 107 and a gate control apparatus 130
for controlling VVVF inverteré 111la and 111b. The
inverter unit 120bﬁis:éiééfébﬁfiéuréd'in_the:same
manner as above. In the fiéufé; equal numerals
sﬁrrounded by circles indicate that connection is made

25 to each other. The power supply for the gate controi
apparatus (common controller 131) is provided for each

set of 2-in-1 inverter units 120a and 120b.



‘unit’ 120a is provided with an overvoltage-linit 20controller el enment 107
and a gate control apparatus 130 for controlling VWF inverters 1l1la and
111b. The inverter unit 120b is also configured in the sane manner as
above. In the figure, equal nunerals surrounded by circles indicate that
connection is nmade 25to each other. The power supply for the gate control
apparatus (common controller 131) is provided for each set of 2-in-1
inverter units 120a and 120b. 4 The gate control apparatus 130
controls, by itself, VWF inverters 1l1la and 111b and on/off of the

by current sensors CTOT. TEHiL CCoCFs. “Rnd ariE for WAk s tr s 111a and
111b, and an el FELELE; TOYOE b At erRalsvahtagenRaged oR el 86l/JG MRt Qhe
i nternal -voltage detectors 114a and 114b are input to the gate control

apparatus 130. FheroutipHbeofiithhe 2ohhrbili Buemkat uoigt 120@ de¥ckegonnect ed
to each of the permanent magnet synchronous notors 115a and 115b. Contr ol

units depend onochBguvi duakeaest Hekerrthody. clteecnhel easeocendiTetiqr CI04 ,and
filter reactor 105 are provided respectively for WVF inverters 120a and
120b, and cont r6TUdni asde8thi215are VIVEnihvemtersel 1dai tadf 4l 1d,ectnd @n

motors. Disclosure of Invention ,
electric-motor internal voltage based on electric-motor

internal-voltage detectors 1l4a and 114b are input to
the gate control apparatus 130.
The output of the 2-in-1 inverter unit 120a 1is
10 connected to each of the permanent magnet synchronous
motors 115a and 115b. Control units depend on
individual control methods. The release conductor 104
and filter reactor 105 are provided respectively for
VVVF inverters 120a and 120b, and control units.each
15 are 2-in-1 inverter units for electric motors.
Disclosure of Invéntion
In a conventional electric-vehicle control
apparatus for a permanent-magnet synchronous motor
using a 2-in-1 inverter unit, a large number of
20 semiconductor elements need to be equipped. For each
2-in-1 inverter unit,. a filter reactors; aﬁ”oﬁervoltage-
limit resistor, and an overﬁbltage limit control
resistor switch are provided. Therefore, a large
number of components are used, which makes it difficult
25 to reduce the size of the entire apparatus.
One embodiment of the invention has an object of

providing an electric control apparatus capable of



‘I'n a conventional electric-vehicle control apparatus for a pernmanent - magnet
synchronous notor using a 2-in-1 inverter unit, a |arge nunber of

20sem conductor el enments need to be equi pped. For each 2-in-1 inverter
unit, a filter reactor, an overvoltage limt resistor, and an overvoltage
limt control resistor switch are provided. Therefore, a |arge nunber of
components are used, which nmakes it difficyt 25to reduce the size of the
entire apparatus. One enbodi ment of the invention has an object of
providing an electric control apparatus capable of 5 individually

controlling a p%aﬁ(}@ahawgneanweﬁMﬁgogsp@ﬁn%e%dm@%@@ R nihe osicz@ Of

the entire apparatus. To achieve the objec an el ectric-vehicle control

appar at us i ncl uggsoraAnbnyentiel ngnt heCaRREI sitngha 2plural abpaehturverters
each configured by a U phase circuit, a V-phase circuit, and a Wphase
circuit; and a cool i ng aedhariesmhet beplktr,alaint ¥ lefctimventetris 12 tonttac21d)
provi ded on the cooling nmechani smand sharing the cooling nechani sm
wherein the U phaperaVuphaseludad: Wnl@pkaseeci naditt soegch sang eonfi gur ed
as a sem conductor devi ce package (22) including two sem conductor

swi t chi ngd el enenlyradhtsi pédinvesherpacRaecand lonreer bysa U-phase

circuit, a V-phase circuit, and a W-phase circuit; and
a cooling mechanism, the plurality of inverters (2la to,
21d) provided on the cooling mechanism and sharing the
cooling mechanism, wherein thé U-phase, V-phase, and W-

10 phase circuits each are configured as a semiconductor
device package (22) including two semiconductor

switching elements contained in one package and in

series.
Brief Description. of Drawings
15 'FIG. 1 shows a circuit configuration of the first
embodiment;

FIG. 2 is an equivalent circuit diagram of a
semiconductor device package according to the first
embodiment;

20 FIG. 3 is a chart showing a voltage output‘and a
temperatufe increaée of a semiconductor device package
acéordihg to the first embodiment; .

FIG. 4 shows an exterior of the first embodiment;

.FIG. 5 shows a circuit configuration of the third

25 embodiment;

FIG. 6 shows a circuit configuration of the third

embodiment;



‘Brief Description of Drawings 15FIG 1 shows a circuit configuration of the
first enbodi nent; FIG 2 is an equivalent circuit diagramof a

sem conduct or devi ce package according to the first enmbodinent; 20FIG 3 is
a chart show ng a voltage output and a tenperature increase of a

sem conduct or devi ce package according to the first enbodi nent;

FIG 4 shows an exterior of the first enbodiment; FIG 5 shows a circuit
configuration of the third 25enbodi nent; FIG 6 shows a circuit
configuration of the third enbodi nent; FIG 7 is a U phase circuit
configuration of a 3w {-evel .power,_ I ; 1ﬁ%ﬁ9r ' t he
fourth enbodi nent; FIG %Fll% \QSU' gj%%\r%%[a%%ﬁ%&p\a/c{%{v#z% t he Cg{ Ir}gfveﬁo :;povver
conver si on appaighs BeRrdiag EQsiBR LWL IbAliRAinS G heshos a
conventional circuit configuration; and FIG 10 shows a conventi onal
control 10confi gypn@athOBmbodiment; Mdde for Carrying Qut the Invention

Her ei nafter, enmbodi ments of the invention will be described with reference
to the draw ngs. FIG. 8 is an exterior view of the 3-level power
5 conversion apparatus according to the fourth
embodiment;

FIG. 9 shows a conventional circuit configuration;
and

FIG. 10 shows a conventional control

10 configuration.
Mode for Carrying Out the Invention

Hereinafter, émbodiments of the invention will be
described with reference to the drawings.

First Embodiment

15 The first embodiment of the invention will be
described with reference to the drawings.

FIG. 1 shows a circuit configuration of an
electric-vehicle control apparatus of the first
embodiment according to the present invention. FIG. 2

20 is an equivalent circuit diagram of a semiconductor
device package according to the first embodiment.
FIG. 3 is a chart showing a voltage output and a-
température increase of a semiconduétor device package
according to the first embodiment. .FIG. 4 is an
25 exteriof view showing the first embodiment.
Configuration of 4-in-1 Inverter Unit

The circuit configuration of the electric-vehicle



'Fi rst Enbodi ment 15The first enbodi ment of the invention will be described
with reference to the draw ngs. FIG 1 shows a circuit configuration
of an electric-vehicle control apparatus of the first enbodi nent according
to the present invention. FIG 2 20is an equivalent circuit diagramof a
sem conduct or devi ce package according to the first enbodinent. FIG 3 is a
chart showi ng a voltage output and a tenperqature increase of a

sem conduct or devi ce package according to the first enmbodinent. FIG 4 is
an 25exterior view showing the first enbodiment. Configuration of 4-in-1

Inverter Unit T %n%lrlej.UI g%?ggzhgura%tc'o(} Ql‘:?ett%e ?ll e&lt es(‘en\fe@n{‘ﬂo% enccont rol

appar at us according to £ present erbodi conprises a first 4-in-1

inverter unit 1F|O?l§tr§'%% aI I%_J.EISCC?" 4lan1 a.v.ndi'e"ﬁ:(\etr G rterit a%métho%h{je_m

circuit of the in-17inverter unit 1 i's configuréd by a pantograph
4, a high-speedrhteaker bn a eghaegithguresing! AnpsRtoriGe, Cul iciGtiactar 6, a
charging resistor 7, a release contactor 8, a filter reactor 9, an

overvol tage |inmcher €sirston-10-1anneeet\eal age- 11 dist niftichireg everent 11, a
wheel 12, and a filter capacitor 14. On an alternating-current-output-side,
a circuitsis cophhgogedpby 4pernmbnght-spaegde orsakehr onowds célaggtimoc not ors 2
(2a, 2b, 2c, and 2d), notor rel ease contactors 3 (3a, 3b, 3c, and 3d), and
el ectric currenre§eﬁ§@¢sSB@IG34§CU31bCO@¢@Ct§ﬁd634@)CharglngTﬁéﬁeéﬁﬁegraph
4 is connected to the high-speed breaker 5, which is connected to t he
char gi ng-r esi st 8r sRoOFEEERERI FOREAGEET0B 62 fHidter reactor 9,

chargi ng-resi storshortcircuit c¢onductor connected i.n par IIeI with the
char gi ng resi st BVe¥VaAd2PR %éWﬂEsrﬁFﬂﬁtPﬁeliel€§SQV€5HP&5?8F g 1le rel ease
contactor 8 is conne ted t t he fh ter 9 The fllﬁer reactor 9 is
connected to a PYsit ﬁggd SPEEurFent t Fﬁ n&l "hé fittsta-in-1

| nvertery yinit 1. gagggggegﬂt' vendgﬁegtnefaa%%f-%wr%ﬁk -cgigarnegted Lo a

wheel 12 An ovér imt serital circuit configured by serlally
connecting the QY?EﬁthégecbhﬁhbuEgﬁ'§§Obe¥%a%%%tLﬂ%gnet synchronous

overvoltage-limt-control sw tching el énent
electric motors 2 (2a, Z2b, 2c, and 2d), motor release
contactors 3 (3a, 3b, 3c,'and 3d), and electric current
sensors 34 (34a, 34b, 34c, and 34d).

15 The pantograph 4 is connected to the high-speed
breaker 5, which is connected to the charging-resistor-
shortcircuit conductor 6. The charging-resistor-
shortcircuit conductor 6 is connected in parallel with
the charging resistor 7 and in series with the release

20 contactor 8. The release contactor 8 is connected to
the filter reactor 9.. The filtef reactor 9 is
connected fo a positive direct-current terminal of the
first 4-in-1 inverter unit 1, and a negative direct-
current terminal is connected to a wheel 12. An

25 overvoltage-limit serial circuit 19 configured by
serially connecting the overvoltage limit resistor 10

and the overvoltage-limit-control switching element 11



"8 i s connected, at one termnal, to the filter reactor 9 and the positive
direct-current termnal of the first 4-in-1 inverter unit 1, and is
connected, at another termnal, to the negative direct-current termnal of
5the first 4-in-1 inverter unit 1 and the wheel 12. The filter capacitor 14
and the direct-current voltage sensor 15 each are connected in parallel on
the direct current side of the first 4-in-Ilginverter unit 1. On the
alternating current side of the first 4-in-1 10inverter unit 1, current
sensors 34a, 34b, 34c, and 34d are provided on two |ines anpng out put

t hree- phase |1 ngs. . nnected tQ tpge %I tﬁEbQ?at ”gcoCLEré{ 2crit[ rouglﬂéae%g&yr

per manent - magnet Ssynchronoug 1ot o e not or

rel ease contactarg g%e %%sf%ivel%QQ%é%icurrent f@yﬁfﬂéﬁtoﬂ'ﬂﬂblfiﬂ¥@rter
unit 1 is conflgure inverters 2la to 21d, and WVF inverters 2la

to 21d are connectigd an%_rr%lelzelunwtth,em atdhelorofedier disecineugent
side. 20VWF inverter 2la is configured by a U phase sem conductor device

package 22a, a Yephdsedeniteontucnegaddwic elipackagaXdnt eeerminal of

W phasesem conduct or devi ce package 22c, and an inverter filter capacitor
13a. U, ¥-, andh¥/ ghase 25Semilcamiecttar devitcd packddes Wzl ol 22¢ Hre
connected |n parallel with each other on the direct current side, and are
connected i n pafélitelr wepadciien dfemnsy the tddrea-current voltage

sensor 15 each are connected in parallel on the direct
current side of the first 4-in-1 inverter unit 1. On
the alternating current side of the first 4-in-1

10 inverter unit 1, current sensors 34a, 34b, 34c, and 34d
are provided on two lines among output three-phase
lines. Connected to the alternating curreﬁt side are
four permahent—magnet synchronous motors 2a, 2b, 2c,
and 2d through the motor release contactors 3a, 3b, 3c,

15 and 3d.

The first 4-in-1 inverter unit 1 is configured by
VVVF inverters 2la to 21d, and VVVF inverters 2la to
21d are connected in parallel with each other on the
direct current side.

20 VVVF inverter 2la is configured by a U-phase
semiconductor device package 22a, a V-phase-
semiconductor device package 22b, a W-phase-
semiconductor device package 22c, and an inverter
filter capacitor 13a. U-, V-, and W-phase

25 semiconductor device packages 22a to 22c are connected
in parallel with each other on the direct current side,

and are connected in parallel with the inverter filter



‘capacitor ‘13a. VWF inverters 21b to 21d each are configured in the sane
manner as VWEF inverter 21la. The configuration of the control system
is the sane as FIG 10, and each inverter 111 is controlled 5individually.
Configuration of Sem conductor Device Package FIG 2 is an equival ent
circuit diagram of a sem conductor device package 22. FIG 3 shows a
switching state of a sem conductor device ig the 10sem conductor device
package, and a tenperature state of the sem conductor device package by

swi tching thereof. As shown in FIG 2, the sem conductor device

package 22 i confjgursd bys A SE GlyEMIdr 0l 7 16905141 ubcr! grent 24a of

an upper arm an negative elenent 24b of a lower arm This serial circuit

is connected in paraldigled o hevapae tRinds: Jhepesi tiverelenens . 24a of
the upper armis a parallel connection circuit of a switching el enment Trl

and a 20di ode DI . Thermegsdn veg et 2dbcid ¢hectowesyatami Ssavhear al | el
connection circuit of a swwtching elenment Tr2 and a di ode D2. A connection
poi nt 26 bet weensadnte 430514 vel | earehteaRda ancktther neht i vecebenehte4b is

connected to an output term nal, and an output voltage 25is thereby

provi ded. 5 infheigvaldhing el enment Trl of the positive elenent 24a is

turned on, and the switching element Tr2 of the .
Configuration of Semiconductor Device Package

FIG. 2 is an equivalent circuit diagram of a
semiconductor device package 22. FIG. 3 shows a
switching state of a semiconductor device in the

10 semiconductor device package, and a temperature staté
of the semiconductor device package by switching
thereof.

As shown in FIG. 2, the semiconductor device
package 22 is configured by a serial circuit of a

15 positive element 24a of an upper arm and a negative
element 24b of a lower arm. This serial circuit is
connected in parallel to the capacitor 13. The
positive element 24a of the upper arm is a parallel
connection circuit of a switching element Trl and a

20 diode D1. The negative element 24b of the lower arm is
an parallel connection circuit of a switching element
Tr2 and a diode D2. A connection point 26 between the
positive element 24a and the negative element 24b is
connected to an output terminal, and an output voltage

25 is thereby provided.

The switching element Trl of the positive element

24a is turned on, and the switching element TrZ2 of the



10 negative element 24b is turned off. Then, an output current is nade flow
to a load through the switching elenent Trl and output termnal froma
power line. Meanwhile, the switching elenent Trl of the positive 5el enent
24a'is turned off, and the switching elenent Tr2 of the negative el enent
24b is turned on. Then, an output current is made flow froma | oad through
the switching element Trl and an output tergnal to a negative power-supply
side. By repeating such 10switching, the direct current power is converted
into an alternating power. FIG 3(a) shows a waveform of a sw tching

vol tage (gate signal); MaysioLl t0f24tbh?LsDOC$tjrt- Ve S eMenty aia,, ’E%ﬁ'jdﬁm 3(b)

shows a sw tchi ng-voltage waveform of the negat’i ve tern na G

3(c) is an out put, vahkage wavef ang.of 2 SenLondichoin dayd o8, Ragkage 22.
FIG 3(d) is a graph show ng a tenperature iIncrease of the positive el enent

24a. FIG 3(e) kSeteditan1SheW RehtdutenRamtiilie 1 1af eashwir thendegati ve
termnal 24b. 20As shown in FIG 3(d), the tenperature of the positive
el enent 24a i ncMeas&s iuken thize spagidhiive; ellenenit 246 dowhd npddiGid{a) is
on. The tenperature does not substantially change when the positive el enent
24a is of . Therétoret he tienperatur @ fff, tarel puss tdwid @Bel e reEremeda
gradual ly increases as switching operation of on/off is repeated. As shown
in FIG 3(e), tAg2 of the negative element 24b is turned on. Then, an
output current is made flow from a loéd through the
switching element Trl and an output terminal to a
negative power-supply side. By repeating such
10 switching, the direct current power is converted into
an alternating power.
FIG. 3(a) shows a waveform of a switching voltage
(gate signal) waveform of the posifive element 24a, and
FIG. 3(b) shows a switching voltage waveform of the
15 ‘negative terminal 24b. FIG. 3(c) 1s an output voltage
waveform of a semiconductor device package 22.
FIG. 3(d) is a graph showing a température increase of
the positive element 24a. FIG. 3(e) is a graph showing
a temperature increase of the negative terminal 24b.
20 As shown in FIG. 3(d), the temperature of the
positive element 24a increases when the positive
element 24a shown in FIG. 3(a) is on. The temperature
does not substantially change when the positive element
24a 1is off. Therefore, the temperature of the positive
25 element 24a gradually increases as switching operation

of on/off is repeated. As shown in FIG. 3(e), the

temperature of the negative element 24b gradually



'tenperature of the negative el enent 24b gradually 11 increases as

swi tching operation of on/off is repeated. Here, the on state of the
positive elenent 24a and the on state of the negative elenment 24b are
alternately repeated. Therefore, the entire heat generation of the

5sem conduct or devi ce package 22 is constant as shown in FIG 3(f).

The 4-in-1 inverter unit 1 is configured byjpackaging, into a unit, the
four VWVF inverters 2la to 21d which use the sem conductor device package
22 as 10descri bed for each phase. FIG 4 shows an exterior of the first

4-in-1 inverteriHQEEa%FEhQEegu%§ching.??e%QQW%niBbeﬁfo%f tihe ddgestt r.i n-1

inverter unit 171s confrgure provi ding four three-phase VWF inverters

2la to 21d on Opér@olthegoﬂeglea@es%Z%hevwgikaw@vgate@re&tzmat @n2ldhay e
attached to a flat surface of a heat receiving plate 23a form ng part of

the cooling nechankspra3orTena sughagecoklehenteaubr acei wilng rplaated y23a
opposite to the flat surface to which VWEF inverters 2la to 21d are
attached, a heatepadiatior 2Bbra@beeni et ketdtrkehepar geok rehid cpodifi rigre
mechani sm 23 i s connected. Operation The operation of the

el ectri c-wehi cl senonbndhcapparaviseapeskdiong 220 Isheoprésdhnt aEnsSR-Rert wil |

be
FIG. 3(f).

The 4-in-1 inverter unit 1 is configured by
packaging, into a unit, the four VVVF inverters 2la to
21d which use the semiconductor device package 22 as

10 described for each phase. FIG. 4 shows an exterior of
the first 4-in-1 inverter unit 1 thereof.

As shown in FIG. 4, the first 4-in-1 inverter unit
1 is configured by providing four three-phase VVVFE
inverters 2la to 21d on one cooling mechanism 23. VVVF

15 inverters 2la to 21d are attached to a flat surface of
a heat receiving plate 23a forming part of the cooling
mechanism 23. To a surface of the heat receiving plate
.23a opposité to the flat surface to which VVVF
inverters 21la to 21d are attached, a heat radiator 23b

20 forming the other part of the cooling mechanism 23 is
connected.

Operation

The operation of the electric-vehicle control
apparatus according to the present embodiment will be

25 described.

In FIG. 1, a direct current supplied from a power

line through the pantograph 4 is supplied to the filter



‘25descri bed. In FIG 1, a direct current supplied froma power |ine

t hrough the pantograph 4 is supplled to the filter 12 capacitor 14 through
t he hi gh-speed breaker 5 which is normally on, the charging resistor 7, the
rel ease contactor 8 which is also normally on, and the filter reactor 9. A
direct current flows through the 5capacitors 13a to 13d of the inverters
connected in parallel with the filter capacitor 14, and sufficient charges
are stored. Then, the charging-resistor shg#tcircuit contactor 6 turneson,
and the direct current fromthe power line is supplied to the first 4-

10in-1 inverter t.1 th the, h db k h

3aortchlcx|t coﬁggéFbFoé E?E?Bégggeohﬁgcﬁggg Sp%%% |Fﬁ§rcrg;gig%h9%$|8tor
en the inverter f t mh

di rect-current P%ﬁ@lggﬁe?%?g Isapp g geF§ ﬁlrsf %%g? l%%$ert§? uni t

1, a direct CUfESﬁEaXQE}agewh§cﬁp9E ggsbonggﬁbqqugﬁtOkn@e%%%e%&GQ%&UdEd in

LANVphase sem conductor device packages 22a to 22c in each of

inverters 21a tp.2ddo,The supRphi-edtdih@etnpOWRbiS tEQBVGH @thel Nt O
alternating 20current power by switching of the sem conductor el enents. The

converteds al t er paphbgr6UEr EBh poweBdi sfsuppl iadetroecand coharlcedd dndrive the
four pernmanent-magnet synchronous notors 2. In the present enbodi nent, for
exanpl e, when therallel with the filter capacitor 14, and sufficient
charges are stored. Then, the charging-resistor
shortcircuit contactor 6 turneson, and the direct
current from the power line is supplied to the first 4-
10 in-1 inverter unit 1 through the high-speed breaker 5,
charging-resistor shortcircuit contactor 6, release
contactor 8, and filter reactor 9.
When the inverter filter capacitor 13a-13d is
fully charged and when direct-current line power is
15 supplied to the first 4-in-1 inverter unit 1, a direct
current voltage is applied to semiconductor devices
included in UVW-phase semiconductor device packages 22a
to 22c in each of VVVF inverters 2la to 21d. The
supplied direct power is converted into alternating
20 current power by switching of the semiconductor
elements. The converted alternating-current power is
supplied to and started to drive the four permanent-
magnet synchronous motors 2.
In the present embodiment, for example, when the
25 first 4-in-1 inverter unit 1 is applied with a power-

line voltage of 1500 V, the same 1500 V is applied to

each of VVVF inverters 2la to 21d. The voltage of



25 first 4-in-1 inverter unit 1 is applied with a power-line voltage of
1500 V, the sanme 1500 V is applied to each of VWEF inverters 2la to 21d.
The voltage of 13 1500 V is applied to each of VWF inverters 2la to 21d,
a corresponding current to the voltage flows through the pernmanent - nagnet
synchronous notor 2, and drives the permanent-nmagnet synchronous notor 2.
S5Thus, the pernmanent-magnet synchronous notgr 2 is driven by power
conversion of converting direct-current power of the first 4-in-1 inverter
unit 1 into an altenating-current power. However, power conversion | oss

occurs at the tﬁl 00& %geggéhﬁggf%ﬁreS%%V%&Sb%%ﬁ'%%Ug%t.ﬁ&kﬁkﬁ%ﬂPWQRL

conversion | oss causSéd roma sem conductor device. (Generated

heat transfers to phe %E@tndﬁ%%eic\éir?'gnﬁl ale 1232 v ey d ransierh douem t he
te 5 to the h

heat receiving pla eat radiator 23b, and is radi ated out of

the heat radiat@he23RrmiRahti-faghetheyheatrcgenes alab by pener drdwer si on
| oss does not stay Iin the vehicle but is radiated to outside.

Further, if onetM¥Vpeirhveehermdhnerl bynehiromousn dwedf iz.st 4-in-1 inverter
unit 1 during work of the electric-vehicle control apparatus and if the
control 29apparatus (Thots,s hdwnpedeaehs -triegned] faymeth g mdon e ¥our
VWEF inverters 2la-21d are rel eased by rel easing the high-speed breaker 5
(FIG 1). drEuenhby, Piefetrheoaivesetosu e OGNSk KE¢1e of5 CHetEdtts
excess of the direct-current voltage supplied 25to the first 4-in-1
inverter unit 1PByevapifatien fafsthé -power LNviee bed e durit@ Motk of the

el ectric-vehicle_contrql apparatus, the ov?{volt%ge-linit S\/\,itchi.rg)g1
altenating-current power. owever, power conversil

loss occurs at the time of electric power conversion.
10 The electric-power conversion loss is caused as heat
from a semiconductor device. Generated heat transfers
to the heat receiving plate 23a, then transfers from
the heat receiving plate 23a to the heat radiator 23b,
and is radiated out of the heat radiator 23b. That is,
15 the heat generated by power conversion loss does not
stay in the vehicle but is radiated to outside.
Further, if one VVVF inverter 21 malfunctions in
the first 4-in-1 inverter unit 1 during work of the
electric-vehicle control apparatus and if the control
20 apparatus (not shown) detects the malfunctioning, all
the four VVVF inverters 2la-21d are released by
releasing the high-speed breaker 5 (FIG. 1).
Further, if the direct-current power sensor 15
detects excess of the direct-current voltage supplied
25 to the first 4-in-1 inverter unit 1 by variation of the
power~line voltage during work of the electric-vehicle

control apparatus, the overvoltage-limit switching



14 element 11 is turned on, thereby to consunme the direct-current power by
the overvoltage limt resistor 10, and to renpbve an excess of the voltage.
Thus, the overvoltage-limt switching elenent 11 is controlled to 5turn
on/ of f, based on an output of the direct-current voltage sensor 15. Effects
In the electric-vehicle control apparatus configured in this manner, VWVF
inverters 2la to 21d 1l0each having UVWphasg sem conductor device packages
22a to 22c share the heat radiator 23b. Thérefore, a heat generati on anount
of the first 4-in-1 inverter unit 1 which contains VWF inverters 2la to

21d is equalized.over .t enti it t f ffigi
15cpo|ed9 Furths}?%Fptsgﬁi&gné&%P% Igpéﬁggfg%%P%?§%§¥§%§ﬂ§$ﬁ§m%g%h%%E%yheat
radiator as in f:ﬂ%r%ggvg%'een%&r gh\%n%@tesrvoq_t%§et 1N 1$P3CE 1f Qo 1 WeNt ¥y fpur

sem conduct or el enmen S requ I'n the present enbodi nent, however, use

efficiency of the cepbeol 23 2Qi-ARE0%ES taRd whacRsSavitgssane perforned,
by using the device package 22 which contains two sem conductor devices so

as to equalize therheatagenenatiitoRwareuiny @fl shRsedtl e semta@lduet o
devices. As a result of this, the 4-in-1 inverter unit in which twelve
25sem confluct or tdevi ce/pdckapesed? car @ natcuaghued ctfo thiee dieaic tr-adirategrt 23 can
be confi gured.
voltage sensor 15.
Effects
In the electric-vehicle control apparatus
configured in this manner, VVVF inverters 2la to 21d
10 each having UVW-phase semiconductor device packages 22a
to 22c share the heat radiator 23b. Therefore, a heat
generation amount of the first 4-in-1 inverter unit 1
which contains VVVF inverters 2la to 21d is equalized
over the entire unit, and can therefore be efficiently
15 cooled. Further, 1f semiconductor elements are
individually set on a_heat radiator as in the
conventional elements, a setting space for twenty four
semiconductor elements is required. In the present
embodiment, however, use efficiéncy of the cooler 23
20 improves and space saving can be performed, by using
the device package 22 which contains two semiconductor
devices so as to equalize the heat generation amounts
of respective semiconductor devices. As a result of
this, the 4-in-1 inverter unit in which twelve
25 semiconductor device packages 22 are attached to the

heat radiator 23 can be configured.

Further, the filter reactor 9, overvoltage limit



‘Furthher, the filter reactor 9, overvoltage limt 15 resistor 10,
overvoltage-limt switching elenent 11 are shared in one appar atus.

Accordi ngly, the nunber of conponents is reduced, and the entire

el ectric-vehicle apparatus can be nade smaller. 5Further, the
direct-current voltage sensor 15, current sensors 34a to 34d, and notor

rel ease contactors 3a to 3d can be containgd in the 4-in-1 inverter unit 1.
In this case, a further effect of space saving is achieved, and wiring is
sinplified by 10 containing a great nunber of conponents in a housing.

Vanuf acture, " pl geerent, agd mRLOLERaNEe Afidihe AL APRARIS. caN be.

facilitated. Secon& he second enmbodi ment of the

invention wll gga}?geggrngdawkggangere@@%ggaﬂdyiyy%gﬂéuﬁﬁmber of FIG 5
shows a circuit configuration of the second enbodinment. The sanme conponents

as those in Fl Geompohentsaie respeet,vehny deroted iate thesanwreftrdnrce
signs, and descriptions thereof will be omtted herefrom 20Configuration
The circuit conkpguratiuencah bbempresenialamadi ment differs fromthe
circuit configuration of the first enbodinent in that a different

connecti of net hod i s Famheyed ther NNVE towerearts volld age ZRNSIBT ok i ng t he
4-in-1 inverter unit, and in that, on the direct-current side of each
inverter 21, theudireatt seospeat 346l tagsisensdid 3P teId HedddrSSer filter

capaci tor
contactors 3a to 3d can be contained in the 4-in-1

inverter unit 1. In this case, a further effect of
space saving is achieved, and wiring is simplified by
10 containing a great number of components in a housing.
Manufacture, placement, and maintenance of the entire
apparatus can be facilitated.
Second Embodiment
The second embodiment of the invention will be
15 described with reference to the drawings.
FIG. 5 shows a circuit configuration of the second
embodiment. The same components as those in FIGS. 1 to
4 are respectively denoted at the same reference signs,
and descriptions thereof will be omitted herefrom.
20 Configuration
The circuit configuration of the present
embodiment differs from the circuit configuration of
the first embodiment in that a different connection
method is employed for VVVF inverters 2la to 21d
25 forming the 4-in-1 inverter unit, and in that, on the
direct-current side of each inverter 21, the direct-

current voltage sensor 32 and inverter filter capacitor



16 13 each are connected in parallel. In this respect, descriptions wll
now be made bel ow. A second 4-in-1 inverter unit 30 is configured by
VWF inverters 2la to 21d. VWF inverters 2la and 21b 5connected in series
forma serial inverter circuit 33a. VWF inverters 21c and 21d form a
serial inverter circuit 33b. The serial inverter circuits 33a and 33b are
connected in parallel with each other. On e direct-current side of VWF
inverter 2la, 10the inverter filter capacitor 13a and the direct- current
vol tage sensor 32a are connected in parallel. WVF inverters 21c and 21d

have the sane configupalion as VWYEJ yerters 2ia and 23 The Jauerter

filter capacitors 13C an ect current vol tage sensors 32c

and 32d are con?ggﬁgg tgoggrghhqlngm bhe digeegl1ourrent side. Qperation
The operation o 8 l'ectric-vehicle control apparatus according to the

present enbodi nent whl kebend0deseribedverter unltFl3@ i% ddHf @K &y When
a second 4-in-1 inverter unit 30 is applied with a power-line voltage of

1500 V, the vol yage ©hvd206rY¥Y psSaappl bed.t o vegeh iofretrhe rserdlal damyexlter
circuits 33a and 33b. In each of 25the serial inverter circuits 33a and
33b, the Ppower-cbhnecvelt agesetrid50@oyYm & dieviiddd invea tlewo cuarduis] 33a.
vol tages. A voltage of 750 Vis applied to each of
VVVF inverters 21lc and 21d form a serial inverter
circuit 33b. The serial inverter circuits 33a and 33b
are connected in parallel with each others

On the direct-current side of VVVF inverter 21a,

10 the inverter filter capacitor 13a and the direct-
current voltage sensor 32a are connected in parallel.
VVVFE inverters 21c and 21d have the same configuration
as VVVF inverters 2la and 21lb. The inverter filter
capacitors 13c and 13d and the direct-current voltage

15 sensors 32c¢ and 32d are connected in parallel on the
direct-current side.

Operation

The operation of the electric—&ehicle control
apparatus according to the present embodiment will be

20 described.

In FIG. 5, for example, when a second 4—in—i
inverter unit 30 is applied with a power-line voltage
of 1500 V, the voltage of 1500 V is applied to each of
the serial inverter circuits 33a and 33b. In each of

25 the serial inverter circuits 33a and 33b, the power-

line voltage of 1500 V is divided into two partial

voltages. A voltage of 750 V is applied to each of



17 VWVF inverters 2la to 21d, and a current corresponding to the voltage

fl ows through a permanent-nagnet synchronous notor 2, and drives the

per manent - magnet synchronous notor 2. 5At this tine, the direct-current

vol tage sensor 32a detects a direct-current-side voltage of VVWF inverter
unit 21a. Simlarly, the direct-current voltage sensors 32b to 32c
respectively detect directcurrent-side volﬁzges of VWEF inverter units 21b
to 1021d. Effects An effect of the efectric-vehicle control apparatus
according to the second enbodiment is that the voltage applied to each of

VWEF inverters s.a 15yoltage o di_vi di th -

vol tage by two. é%ﬁgtlp¥er ﬁFPc%ﬁﬁgQ b?ﬁ é %%kﬂ%%% eépgﬁgéOQ§1ng
perfornmed at a vol n f mbadi t f heat
generated as po&gm%éS ﬁgg 8 Eggws réé%%eguégéngggﬁ%e gf SéﬁeraS?on
201 s reduced, !hencebLBdsTRERAD! 5N GAA BewRde t%%alge%an%@lq—%%@e can be

saved during driving o e appar af us. detecting a
direct-current- §gg§hyghgggemg@bgezgf each VWF |nverter 21 by using the
di rect-current 25voltage sensor 32. The inverters can be controlled

5 At this time, the direct-current voltage sensor
32a detects a direct-current-side voltage of VVVF
inverter unit 2la. Similarly, the direct-current
voltage sensors 32b to 32c respectively detect direct-
current-side voltages of VVVF inverter units 21b to

10 21d.
Effects
An effect of the electric-vehicle control
apparatus according to the second embodiment is that
the voltage applied to each of VVVF inverters 21 is a |
15 voltage obtained by dividing the power-line voltage by
two; That is, switching of the semiconductor devices

is performed at a lower voltage than the first

embodiment. Therefore, heat generated as power
- conversion loss can be reduced. Since heat generation
20 is reduced, the cooling mechanism can be made smaller,

and energy can be saved during driving of the
apparatus.
By detecting a direct-current-side voltage value
of each VVVF inverter 21 by using the direct-current
25 voltage sensor 32. The inverters can be controlled

more accurately.



nore accurately.

18 Third Enbodi ment The third enbodi nent of the

invention will be described with reference to the draw ngs. FIG 6

shows a circuit configuration of the third enbodi nent.

as those in FIGS.
signs, and descri

circuit configuration of the present 10enb
configuration of the first enbodi nent

1 to 4 are respectively denoted at the same reference

The sane conponents

ptions thereof wll be omtted herefrom Configuration The

is enployed for VWF inverters 2la to 21d formng a 4-in-1 inverter unit,

and in that, on the i de of each inverter 21, a direct-
diyfs8¢ oaﬁ’rHordﬁ’?&efrﬁq ; (

15current voltage sensor 4

ter capacitor 41 each are provided.

this respect, descriptjons d lerdBdeD OWhe invedtidd Gifl Bethird
4-in-1 inverter unit 42 is configured by VWF inverters 2la to 21d. VVWWF

20i nverters 2laqaré¢ 22 connecteddierselies iy maawialad | el inverter
circuit 43a. VWF inverters 21c and 21d forma parallel inverter circuit

43b. The parall el
wi th each other.

i nFrd.ere GHGW ts didacwaind AJbf ager coivreci dche pairad| el
On the direct-current side of VWF

5 embodiment. The same components as those in FIGS. 1 to

4

are respectively denoted at the same reference signs,

and descriptions thereof will be omitted herefrom.

Configuration

The circuit configuration of the present

10 embodiment differs from the circuit configuration of

the first embodiment in that a different connection

method is employed for VVVF inverters 2la to 21d

forming a 4-in-1 inverter unit, and in that,

direct-current side of each inverter 21,

on the

a direct-

15 current voltage sensor 40 and a filter capacitor 41

each are provided. 1In this respect, descriptions will

be made below.

In FIG. 6, a third 4-in-1 inverter unit 42 is

configured by VVVF inverters 2la to 21d.

VVVFE

20 inverters 21la and 21b connected in series form a

parallel inverter circuit 43a. VVVF inverters 2lc and

21d form a parallel inverter circuit 43b.

The parallel

inverter circuits 43a and 43b are connected in parallel

" with each other. On the direct-current side of VVVF

25 inverter 43a, the filter capacitor 4la and the direct-

current voltage sensor 40a are connected in parallel.

Similarly, the parallel inverter circuit

40b is

iment differs fromthe circuit
in that a different connection met hod

In



25inverter 43a, the filter capacitor 4la and the direct- current voltage
sensor 40a are connected in parallel. Simlarly, the parallel inverter
circuit 40b is 19 connected to each of the filter capacitor 41b and the
direct-current voltage sensor 40b. Operation Next, operation
of the present enbodi ment wll be 5descri bed. In the present

enbodi ment, for exanple, when a third 4-inq} inverter unit 42 is applied
with a power-line voltage of 1500 V, a divided voltage of 750 V is applied
to each of the parallel inverter circuits 43a 10and 43b. Wen the parall el

inverter circuit n‘h%% %&d gﬁ%a%%c%fart%@%lte& W ddh e Vol 13ge I 5he/, the
vol tage of 750 |s appl i to each of VWVF Inverters 2la to 21d. A current

correspondi ng t qyitheltade o v ddy aeatsa pryganent - nagnet synchronous
notor 2, 15and drives the permanent-nmagnet synchronous notor 2. Effects

The present enbodi mergpGat ianhi eve the sane effects as the first:
~enbodi nent. That is, the vol tage applied to each of VWEF inverters is a
vol t age obt ai ned 20bwedity,i dipeg-dtiicre dfhetlpoweredeme amdbodigeenThatll she

5 described.

In the present embodiment, for example, when a
third 4-in-1 inverter unit 42 1is épplied with a power-
line voltage of 1500 V, a divided voltage of 750 V is
applied to each of the parallel inverter circuits 43a

10 and 43b. When the parallel inverter circuits 43a and
43b each are applied with the voltage 750 V, the
voltage of 750 V is applied to each of VVVF inverters
2la to 21d. A current corresponding to the voltage
flows fhrough a permanent-magnet synchronous motor 2,

15 and drives the permanent-magnet synchronous motor 2.

Effects

The present embodiment can achieve the same
effects as the first embodiment. That is, the voltage
applied to each of VVVF inverters is a voltage obtained

20 by dividing twice the power-line voltage. That is,
switching of the semiconductor devices is performed at
a lower voltage than the first embodiment. Therefore,
heat generated as power conversion loss can be reduced.
Since heat generation is reduced, the cooling mechanism

25 can be made smaller, and energy can be saved during
driving of the apparatus.

Since the direct-current side of parallel inverter



'swi t'ching of the sem conductor devices is performed at a | ower vol tage than
the first enbodi nent. Therefore, heat generated as power conversion | oss
can be reduced. Since heat generation is reduced, the cooling nmechani sm
25can be nade snaller, and energy can be saved during driving of the
apparatus. Since the direct-current side of parallel inverter 20 circuits
43a and 43b are detected by direct-current,yoltage sensors 40a and 40b, the
nunber of conponents can be smaller than the second enbodi ment. Fourth
Enbodi nent 5The fourth enbodi ment of the invention will be described with

reference to th%i?%@&%ggﬁ'a and 4%bGéré!&%€%dyéa”g d¥f3¥f%?d¥p&m@ of U

V, and W phases 0 evel power ‘conversion apparatus according to the
fourth embodi ment,; Hgeeiaathet, abhi $nRha®e,i $ht0 iefR & Qi déphase.
FIG 8 is an exterior view showi ng the fourth enbodi ment. The sane
conponents as tkgsepenshhGPerlthand take skeopecenteldimdenat ed at the sane
reference signs, and descriptions thereof will be omtted herefrom
15Configuration The fourth e@mbodiiment i S a nodification of a sem conduct or
devi ce package 22 (2-1evel output) according to the first enbodinent into a
sem conduBt or devi ce ThackKage t22 epfooal iBeingvelf duneputnvearid drs vaplpl ikl 20t o
the inverter unit. The nodification will now be

described with reference to the drawings.

FIG. 7 is a circuit diagram of one of U, V, and W

phases of 3-level power conversion apparatus according

to the fourth embodiment. Héreinafter, this phase is
10 referred to as a U-phase. FIG. 8 is an exterior view
showing the fourth embodiment. The same components as

those in FIGS. 1 to 4 are respectively denoted at the
same reference signs, and descriptions thereof will be
omitted herefrom.

15 Configuration

The fourth embodiment is a modification of a
semicondﬁctor device package 22 (2-level output)
according to the first embodiment into a semiconductor
device package 22 of a 3-level output, and is applied

20 to the inverter unit. The modification will now be
described below.

FIG. 7 shows a circuit configuration of the U-
phase of the 3-level power conversion apparatus
according to the present embodiment. This U-phase

25 circuit comprises a first element 65a, a second element
65b, a third element 65c, a fourth element 65d, and a

first clamp diode 6%9a, and a second clump diocde 69b.



‘described below. FIG 7 shows a circuit configuration of the U phase of
the 3-1evel power conversion apparatus according to the present enbodi nent.
This U phase 25circuit conprises a first elenment 65a, a second el enment 65b,
a third element 65c, a fourth elenment 65d, and a first clanp diode 69a, and
a second clunp diode 69b. 21 A serial U phase circuit is configured
by serially connecting the first el enent 65a, second el enent 65b, third

el enent 65c, and fourth el enent 65d. The first clunp di ode 69a and second
clunmp di ode 69b are 5connected in series. An anode of the first clunp diode

69a i s connected betx@gggﬁgﬁpbgégéggggg§gEiQ5gSa%gn§q§u§%%p@@ %%%qEHhaﬁ5b'

A cat hode of the secon I'S connect e etween-"the thir

el ement 65c and fhg-EounbhcpLerent6adenIhe bbhSt sebemnt16r@nandsi0t he
third elenment 65c are contained in the first U phase sem conductor device

package 66a. ThensegondepbaEentc658nandohiount B1ehenenss6od ane gamisai ned in
the second U phase sem conductor device package 66d. FIG 8 is an exterior

view of a powerctenyeasbas &5appasakusoaacendnpgdiedeheoboutrh enbodi nent .
In FIG 8, a first V-phase sem conductor device package 67a, a second
V- phase s®m condochectddvisespatkage BiEbanadd aft hhed f\WYrphaséuseniddoni@uct or
devi ce package 67c of a V-phase circuit 67, a first Wphase
69a is connected between the first element 65a and the
second element 65b. A cathode of the second clump
diode 69b is connected between the third element 65c
and the fourth element 65d. The first element 65a and
10 the third element 65c are contéined in the first U-
phase semiconductor device package 66a. The second
element 65b and fourth element 65d are contained in the
second U-phase semiconductor device package 66d.
FIG. 8 is an exterior view of a power conversion
15 apparatus according to the fourth embodiment.

In FIG. 8, a first V-phase semiconductor device
package 67a, a second V-phase semiconductor device
package 67b, and a third V-phase semiconductor device
package 67c of a V-phase circuit 67, a first W-phase

20 semiconductor device package 68a, a second W-phase
semiconductor device package 68b, and a third W-phase
semiconductor device package 68c of the W-phase circuit
68 are commonly configured in the same manner as the U-
phase circuit 66.

25 Next, the U-phase circuit 66, V-phase circuit 67,

and W-phase circuit 68 are set on a heat receiving

plate 23a of the cooling mechanism.



20sem conduct or devi ce package 68a, a second Wphase sem conductor device
package 68b, and a third Wphase sem conduct or device package 68c of the

W phase circuit 68 are commonly configured in the sane manner as the
U-phase circuit 66. 25Next, the U-phase circuit 66, V-phase circuit 67, and
Wophase circuit 68 are set on a heat receiving plate 23a of the cooling
mechani sm 22 - As shown in FIG 8, $he U phase circuit 66 and the

W phase circuit 68 are provided on two sides of the heat receiving plate
23a. The V-phase circuit 67 is provided between the U phase circuit 66 and

the Wphase circuit Eg'éhQWEhS%U?Pegsg ckégﬂb%ﬁﬁgSeacgkgﬁggggghg% the

sem conduct or devi ce package a, a'seton ase sem con tor device

package 66b, ang_gnibird; Lkphases sepkcopdyetion davigs pagkagerbéseare
provided in this order fromupside. In the V-phase circuit 67, a first 10

V- phase sem congugt oFcde¥i £68g Patkege2 842, ansevopHa¥Yepbagseusenmocoonguct or
devi ce package 67b, and a third V-phase sem conductor device package 67c.

are provided i nptdvsdeddestheom tipsi dephbpet berWaphasé ehdcuht G8phaskir st
W phase sem conduct or devi ce package 68a, a 15second Wphase sem conduct or
devi ce package éBbcuand6d. t hImdthe pthaskasentéondutt 66, devitespalkriesesc
are provided in this order fromupside. Operation In the U phase circuit
66, when a seni eohtlcerdrcpoe| épehte ppREbrEs 8GRt chi AHCPBE BoweASEonver si on,
i nduct ances of the second el enment 65b and the third el enent 65c are the
greatest. That $90ipeRdugenErdeYbaciPRfkeae 88Bonandl 8neRt *85H BAGSEhi rd

el ement 65c is the.gre test. Next ration_anmpunt fnonk he

a_heat ge
25first el ement>®55-3M u?5%¥tﬂe%}%ﬁeﬂ?cggggiggfhgrSrgﬁ?gé SAntRest >
generat i on amoupl iz om phe, L15E. ol pP. fLoge 98,308 Lhecsesond ¢hugp di ode
10 V-phase semiconductor device package 67a, a second V-
phase semiconductor device package 67b, and a third V-
phase semiconductor device package 67c are provided in
this order from upside. In the W-phase circuit 68, a
first W-phase semiconductor device package 68a, a
15 second W-phase semiconductor device package 68b, and a
third W-phase semiconductor device package 68c are
provided in this order from upside.
Operation
In the U-phase circuit 66, when a semiconductor
20 element“performs switching for power conversion,
inductances of the second element 65b and the third
element 65c are the greatest. That is, heat generation
from the second element 65b and third element 65c is
the greatest. Next, a heat generation amount from the
25 first element 65a and fourth element 65d is the

greatest. A heat generation amount from the first

clump diode 69%a and the second clump dicde 69b is the



23 small est. The sane as descri bed above al so applies to the V-phase
circuit 67 and Wphase circuit 68. Therefore, a heat generation anount
generated fromthe first sem conductor device package 66a (67a and 68a as
5wel I') which contains the first element 65a and the third el ement 65c
conbined with each other is equal to a heat generation anount generated
fromthe second sem conductor device packagg 66b (67b and 68b as well). A
heat generation amount fromthe third sem conductor 10devi ce package 66¢C
(67c and 68c as well) which contains a first clunp di ode 69a and a second

clunp di ode 69b391?ﬂ'111ie@%q rhi @aGR QLhele Jes- jwe R A fealpgenas atd on

anount generate romthe first sem conductor device packages 66a, 67a, and

68a and the 15seg@ne-seAiseorduct .k dovisR RAPHRGRS LG&uik/iEs and 68b.
Effects The el ectric-vehicle control apparatus configured as

descri bed aboveThgrafbaeged $@aas gedesardwinC e tt Rjent reard & dhdine tdre

devi ce packages 66¢c, 67c, and 68c 20between the first sem conductor device
packages 66a, 6farsandetfacandcthe sevdrd pemikegrdddsor(adeyias gaekages
66b, 67b, and 68b. In this manner, the heat transferred to the heat

recei vi ngspl at ew23ad)i ghrigtie conitkdinm theodghredt cliemeartt 1652 awt theeei vi ng
plate 23a, 25 and efficient cooling can be achi eved by the cooling
nmechani sm 23. Fihiker eleRens- 6efe CoOpOWEL I oivFér $EGH Tatids 9FA NS

greater nunber of sem conductqor 24 elenents candbe made even sngller t han
in a a heat generation amount generated from the secon

semiconductor device package 66b (67b and 68b as well).
A heat generation amount from the third semiconductor
10 device package 66¢c (67c and 68c as well) which contains
a first clump diode 69%9a and a second clump diode 69b
combined with each other is lower than a heat
generation amount generated from the first
semiconductor device packages 66a, 67a, and 68a and the
15 second semiconductor device packages 66b, 67b, and 68b.
Effects
The electric-vehicle control apparatus configured
‘as described above is arranged so as to sandwich the
third semiconductor device packages 66c, 67c, and 68c
20 between the first semiconductor device packages 66a,
67a, and 68a and the second semiconductor device
packages 66b, 67b, and 68b. In this manner, the heat
transferred to the heat receiving plate 23a is made
uniform throughout the entire heat receiving plate 23a,
25 and efficiént cooling can be achieved by the cooling
mechanism 23. Further, the 3-level power conversion

apparatus having a greater number of semiconductor



conventi onal appar at us. The sem conductor devi ce package 22 can be
applied not only to a 4-in-1 inverter unit in which four VWEF 5inverter
units 21 are nmounted on one cooling nechanismas shown in the first to
fourth enbodi mnents but also to a different configuration such as 2-in-1
inverter unit. 25 CLAIM 1. An electric-vehicle control apparatus
characterized by conprising: an inverter umgt conprising a plurality of
5inverters each configured by a U phase circuit, a V- phase circuit, and a
W phase circuit; and a cooling nechanism the plurality of inverters 2la to
21d provided on.{bg-£e9! LAY BECRARLSAVARdsghAalkbRrgthBe ¢aoki ng mechani sm
wherei n 10t he U-phase, V-phase, and Wphase circuits each are configured as
a sem conduct or cggvkseipaskagppa2atiel uding two sem conductor sw tching

el enents contained in one package and in series. 2. The

el ectric-vehi cl e contrhel sappavatiustdsadesidiengataagleai2ih tanc e agipdriieded i n

t hat
not only to a 4-in-1 inverter unit in which four VVVF

5 inverter units 21 are mounted on one cooling mechanism
as shown in the first to fourth embodiments but also to

a different configuration such as 2-in-1 inverter unit.



t he sem conduct or devi ce package of the U phase is configured by a U phase
upper arm and a U phase | ower arm the V-phase sem conductor device package
is 20configured by a U phase upper armand a U phase |ower arm and

t he’ W phase semni conductor device package is configured by a Wphase upper
armand a Wphase lower arm 253. The el ectric-vehicle control apparatus
according to claim1 or 2, the inverter unbt conprises four inverters. 26
4. The electric-vehicle control apparatus according to claim1l or 2,
characterized by further conprising a filter reactor which snoothens |ine
power supplied through an overhead power Ij ne,yapd an Sovervol tage-limt
serial circuit which discharges the |ine power when the |line power is

supplied as a vol t age Whingh cqaUses ca vemlifurctdon of1 tdhpdraerd er unit, and
wherein the plurality of inverters share the filter reactor and the

overvol tage-| i nthagaekakitla bgucbmprising:5. The el ectric-vehicle control
apparatus according to claiml or 2, characterized in that
an inverter unit comprising a plurality of
5 inverters each configured by a U-phase circuit, a V-
phase circuit, and a W-phase circuit; and a“cooling
mechanism, the plurality of inverters 2la to 21d
provided on the cooling mechanism and sharing the
cooling mechanism, wherein
10 the U-phase, V-phase, and W-phase circuits each
are configured as a semiconductor device package 22_
including two semiconductor switching elements
contained in one package and in series.
2. The electric-vehicle control apparatus
15 according to claim 1, characterized in that
the semiconductor device package of the U-phase is
configured by a U-phase upper arm and a U-phase lower
arm,
the V-phase semiconductor device package is
20 configured by a U~phase upper arm and a U-phase lower
arm, and
the W-phase semiconductor device package is
configured by a W-phase upper arm and a W-phase lower
arm.
25 3. The electric-vehicle control apparatus
according to claim 1 or 2, the inverter unit comprises

four inverters.



the plurality of inverters each are controlled individually, and 15the
inverter unit conprises a first parallel circuit configured by first and
second inverters connected in parallel with each other on a direct-current
side, and a second parallel circuit configured by third and fourth
inverters connected in parallel 20with each other on a direct current side,
‘the first and second parallel circuits arepgonnected in series with each
other on the direct-current side, and an applied voltage to each of the
inverters is 1/2 of the applied voltage to the inverter unit. 256. The

el ectric-vehicle contyol gpPaNAS 1RCERIHH dNG t i A 1MbirAugharacteri zed
in that the plurality of inverters each are controlled 27 individually,

and the bRwerb8hquRict cQ@ARN i1Sey @ ,f idhsirastidralzed Isuifiuemdd gured by
first and second inverters connected in series with each other on a
direct-current sba@riantgaabsecard sericalorciwtiuii swonfthgursed ine tduwek and
fourth inverters connected in series wth each other on a direct current
si de, the first sapglsedondtrseghalncioveuines:carewsonddatced and paral lel with
each other on the direct-current side, and an applied voltage to each 10of
the inverbers ioverzodtagke lapalti e¢ nisllt age qud tt W licky ekisehangies the
line power when the line power is supplied as a voltage
which causes a malfunction of the inverter unit, and
wherein the plurality of inverters share the
filter reactor and the overvoltage-limit serial
10 circuit.
5. The electric-vehicle control apparatus
according to claim 1 or 2, characterized in that
the plurality of inverters each are controlled
individually, and
15 the inverter unit comp:ises a first parallel'
circuit configured by first and second inverters
connected in parallel with each other on a direct-
current side, and a second parallel circuit configured
by third and fourth inverters connected in parallel
20 with each other on a direct current side, the first and
second parallel circﬁits are connected in series with
each other on the direct—currenf side, and an applied
voltage to eéch of the inverters is 1/2 of the applied
voltage to the inverter unit.
25 6. The electric-vehicle control apparatus

according to claim 1 or 2, characterized in that

the plurality of inverters each are controlled



7. The electric-vehicle control apparatus according to claim1l or 2,
characterized in that the inverter unit conprises Ninverters, 15the N
inverters each are controlled individually, and anong the N
inverters, (N2) inverters are configured as a first parallel circuit
connected in parallel on a direct-current side, remaining (N2) 20
inverters are configured as a second paral pel circuit connected in parallel
wi th each other, and the first and second parallel circuits are connected
in series wwth each other on a direct-current side. 8. The
el ectric-vehicl e gontHokiappagagus 25according to claim1, characterized in
that the U phase, V-phase, "and Wphase circuits each conprise a serial

circuit in which firshet anfeuilh ua8tSWongltiing seleemEMsx aer iconneotead 4 n
series, and first and second di odes connected in series between a
connecti on poi ntohétyeendt bg first and second swivechieng elocamenttsdanad a
connection point between the third and fourth sw tching el enents, t he
first and thirdsswitshiwnghekerbnbshareocont dilmedtir-gusnengackage amd for m a
first sem conductor device package, the second and fourth sw tching
el ement a?e conBa&rned PRTéAE Paskagt sRATEGUFCE Sdcohd rse@PCod®idtdr device
package, and _ the first and second dLodes,a%e contained in one package
and forma thirdN¥8KEEERAGEPBRCHEDI CB FEEREGe M1t €acy, roona
electric-vehiclg,con rol aEB ratés agﬁor Ln% to cI%inkg, %Qgga%;erized in
that a di stance®béffigefi a* Shﬁé Sthi-rg éﬁiéoﬁ&&pt&? G&ViSEE 5dckage and a
Wphase first S%Q&%ﬂ@ gcggg 98%58%t88C5%9§a&%1H%§'W&%%deach other on
the direct-current side, and an applied voltage to each
10 of the inverters is 1/2 of the applied voltage to the
inverter unit.
7. The electric-vehicle control apparatus
according to claim 1 or 2, characterized in that
the inverter unit comprises N inverters,
15 the N inverters each are controlled individually,
and
among the N inverters, (N/2) inverters are
configured as a first'parallel circuit connected in
parallel on a direct-current side, remaining (N/2)
20 . inverters are configured as a second parallel circuit
connected in parallel with each other, and the first
"and second parallel circuits are connected in series
with each other on a direct-current side.
8. The electric-vehicle control apparatus
25 according to claim 1, characterized in that

the U-phase, V-phase, and W-phase circuits each

comprise a serial circuit in which first to fourth



10

15

28

switching elements are connected in series, and first
and second diodes connected in series between a
connection point between the first and second switching
elements and a connection point between the third and
fourth switching elements,

the first and third switching elements are
contained in one package and form a first semiconductor
device package, |

the second and fourth switching element are
contained in one package and form a second
semiconductor device package, and

the first and second diodes are contained in one
package and form a third semiconductor device package.

9. The electric-vehicle control apparatus

according to claim 8, characterized in that a distance

between a U-phase third semiconductor device package

and a W-phase first semiconductor device package is

maximized.



