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WD 2004/ 070933 PCT/ F12004/ 000041 1 DC/ DC BRI DGE FOR
CONTROLLI NG A DI RECT- CURRENT LOAD The present I I

relates to a DO/ DC bridge for contrg
gr%g‘{:)‘i?l‘}%rrent | oad, said bridge having a pO\KEFFﬁgg@""“
provided with control I abl e seniconduc- 5 for switches
and conprising two bridge ctions, one of which
bri dge sections conducts direct current while the

chbrbsERRGr T CoMTRALANG Anine EFEThRENE L oAm.

alternating-current or direct-current notor

(Bt BRessrn el = G bngpteﬁpﬁa@ni@hem@rﬁct-currem

_nbadr saidi brislgednavingiar wwepsma presidediveith gomesifalie sedficonduc-

35 SERLE SIS B AR S PBIADS sotions
weendusts direat cuent whlledlys othgoogris aortrolled dalRYM B regulate the

RSt madHifgRt notor drive with an
al ternatimg-current notor drive, because e.g. gear 15

| ess direct-current notor drives and the

OEléeélbf Gﬁkbtbﬁ AHvaD ey bésamér@ifeh%ﬂr@tcﬁ;rréiﬂfc?fb&n?ecﬁi?:@rﬁeht motor

FESn IR Ve PEND® RaNapiast Pl sa BUNEIS? dbickis Meduation).
t Tedayp tadterreting+dusrent Inadtov elrivebizgh gty tcbmiBoRe @sb@@lally because
08 et 5 BRI GALERRL RS (S it
poqier deives are ﬁtlﬂ:m vge.t Neithdrds iualeays appeopoizie tolreplhce a direct-
(Bdn%?ﬁ tbF Ghbe %{hvﬁﬁ &t%ﬂwélﬁ"gi EGJFHht M6y SPREYBERuse e.g. gear-

onents, such
n'g Alfegtrastant m@ﬁf davess/ asddhe ditect-cuent metareaisedrig them are

ldma@iagarrw;k % Bltépie OPne@éﬁe%@;g lﬁ{‘ A&t% thee'HE "\ngt:l’::’%ﬁegnéﬁng -current
BRlEB e, Hretdros kSpIarB NG enavay batbierclameels hiteeosts

in future so that the use 25 of traditional thyristor

?#’?@ﬂfﬁ #3&9 lé Ebvgélrdgcélte%%trl q&ur?éﬁtvr%%tovrmdnves Ct lsn%[s%ohgrdly ra-
tional to specifically develop power electronics systems for use in the control of
direct-current drives. In addition, semiconductor components, such as IGBTS,
used in alternating-current drives are all the time becoming increasingly efficient
and economical. Moreover, it is to be expected that especially new regulations
concerning network harmonics may alter the situation in future so that the use
of traditional thyristor bridges used in direct-current drives will become more

- difficult.

The object of the invention is to overcome the drawbacks of prior-art technology
and achieve a new type of PWM-controlled DC/DC bridge for a direct-current
load, such as a direct-current motor. The solution of the invention is based on a
new principle of power electronics topology, wherein it is possible to utilize the
technology of alternating-current drives in the control of direct-current motors. In

- the solution of the invention, a PWM-controlled bridge section consisis of two

bridge arms, and the semiconductor switches in these bridge arms are turned
alternately into the conducting state.

The solution of the invention is defined in detail in the claims below.
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t¥$e of PWMcontrolled DO DC bridge for a
W0

The object of the invention is to overcone the
drawbacks of prior-art technology and achieve a new

B0T®P&rrent 30 load, such as a direct - cur FeHEI2004/000041
motor. The solution of the inv&ntion is based on a new

princi ple of power electronics topology, wherein it is
possible to utilize the technol ogy of

alternating-current drives in the control of

direct-current motors. In the solution of the
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AP BTBR ADGBia e Foll By BEnBiinlifady Terox itiicton se-

i ececan be, utilized in pvest-turesrtalriveauThe tconduciod eaite aad dther struc-

gtﬁgé.?@;)ﬁ@epgw Efé{ﬂ;te; %’ik‘%Lﬁg i B@tﬁ@yﬁcgagg{) }ﬁﬁ%@@ﬁg&iir\{ Shernating-

] ator - gjlcalons._ (
i GHrEanticsives: eagdiien, theuse ehisemicetusivogyitehas, Such as IGBTs

CEHIPES 8pfiizet SenShthidchenfEhi %I%ﬁfibﬂé?%ﬁ@ﬁ%@ﬁféﬂﬂéﬂjcost sav-
i.n Igtrrggeﬁ,roduqtl on se- r1es ca e utilized in

dngg jexpe i deyepmer ashBiRdUsHoR aethogs esothresame meth-
sédsugan beluesd af boihealrneling bagentariE diréS-ciarerR @rives.
identical to those used in alternating- current

drives. In addition, the use of sem conductor

dnithe fidllowingdhe asveér@Edfiswill endescribedi inidetail athrefarence to an ex-
di torfoitth | § i Qn , in particular, cost
g%rhvﬁi%oa [ ngé%e;{ragﬁggtqr@@é{@gr ﬁ:hg@rgl opnment and production

met hods as the same neth- ods can be used in both

Fihef BRddantt § whibRAak dfsttd ﬁdqlg ent drives. In the

fc;{gl 0\% ng, t%grni nvent F%n ymflﬁﬁ¥%e escribed in detail

with reference to an ex- anple and the attached

dFigVe passenthg hetworkSoridge intanPaIRFA8HISy-8uRBh Ol MY, t
direct-current bridge

Fig. 3 presents a direct-current drive according to the invention, comprising a

'DC/DC bridge according to the invention,

Fig. 4'presents a timing diagram for a DC/DC bridge according o the invention, |
and

Fig. 5 illustrates the layout and cooling of the semiconductor switches in the

- DC/DC bridge of the invention.

Fig. 1 presents a prior-art PWM-controlied H-bridge H1 of a direct-current motor
drive intended e.g. for an elevator application. it consists of two bridge arms
H11 and H12 connected to a direct-current source UDC, each arm containing
controllable semiconductor switches S11 - S14 for the positive and negative
poles, consisting of e.g. an inverse-parallel connection of an IGBT transistor
and a diode. The bridge feeds a direct-current load L1, such as the direct-
current motor of an elevator. ‘ |
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Fig. 2 presents a network bridge in an
alternating-current drive, 20 Fig. 3 presents a
rrent drive according to the invention

wgéh‘%?t@%ﬁg a DC/DC bridge according to the i RGEREPG#00041

Fig. 4 presents a timng diagramfor a DC/ DC bridge _
according to the invention, and 25 Fig. 5 illustrates
the layout and cooling of the sem conductor swtches

iE,the . 1 presents

DC/ DC hri dge of the invention. Fi ¢ _
a @ri%PQHPFPQNﬂb\WQ%%P%Bﬂ@d amwoa@é)rngeoA?aas used in a prior-art
dihresphass raeindiigPeurrss aﬁwetou@bggdtﬁfé Sggll'n(%@ba\?&n%age of the

Lication. [t j st I I _
PR RS T it yoiod Uk 80 aematingoplarssniomuctor unit
eBt froanected misforei in T heclomdgeoha il BefPet aREUSHEF arms controllable

SHAHERR3 0T o 591 505, R S MIEHE L networcphase

- camahaxhi¢tomayf alan doEBBttofangi ah dnverasgasalldi edenedlich of an IGBT

gré@§0f§§g§ (ﬁogérect-current | oad L1, sugrlflsv\;)he

rect- current notor of an el evator.
2004/ 070933 PCTI F12004/ 000041 3 Fi g. 2 q
clgr dirfo |l hiae i Al as ! _
oV PRSI e E TRBILY Ao e REhiSe ¢ 1iBPa {hfiart three
RhaSeA lorga oo e SR BHRG geiNo GonvesteractiCbridge),
| antrootar Biritge tanddiridu@tordDTheafidsait RiveRTiOR rbR%e< BkpRIEIY to the

5815 ¥yt GRARSEE SR b o ucs may be

i edpthgsented svirigcBeAcGRing H2he inentibnathe sane @@f@f control-
. . consi st .
gagu_%%me%mt&r Q@lﬂéﬁ?s ?H@ B’@gg%i :lﬁ)égﬂ’l ﬁﬂa rqﬁ%ertbngge and the

) | 1 nverse-paralle onn
thelRsiPgege. and a di ode.

Fig. 3 presents a DC/DC bridge B1 according to the invention, which is used to

- feed a direct-current motor M1, a direct current Idc flowing in the motor. The
bridge is controlled by a control unit BC1. Magnetization of the motor is accom-
plished using a separate magnetizing unit MA1, which is controlled in a manner
known in itself. '

The DC/DC bridge presented in Fig. 3 comprises fwo bridge sections B11, B12.
The first bridge section in the bridge according to Fig. 3 comprises two arms
B111 and B112, each containing controllable semiconductor switch units S21 —
S24. The bridge arms are connected to each other on the power stage circuit
board via a connector CONN1. The second bridge section B12 consists of a
single arm with controllable semiconductor switch units S25 — $26. Thus, the
bridge as a whole has three arms, corresponding to a three-phase DC/AC
bridge. For each semiconductor switch, a controller BC21-BC26 is provided in
the control unit BC1.

- The modulation of the DC/DC bridge of the invention is done as follows: The

35

PWM-controlled direct-current drive of the invention can use the same kind of
semiconductor switches S21 — 526 for PWM control as are used in an aliernat-
ing-current drive. The direct-current drive can be selected e.g. by a swiich SW1
in the control unit. Instead of alternating current, a zero-frequency is used (non-
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In principle, the electric motor drive of the
invention is |ike a prior-art three- |o phase
alternating-current drive conprising a networ

k
WM (rectifier bridge), a motor bri dgePaR@12004/000041

i nductors. The present inventieon relates expressly to

the DC/ DC bridge feeding the notor. The network .

bri dge and the inductors may be e.g. as presented in
ccaording to the invention, the same type of

ig. 2. _A the s
cisRa% BoIRE I ah direebmaenioi et bRdpveRtiph @i edcdfithe semicon-
beiidtor beitceat hdveeto Switdlos hﬁlﬂfrbqgencé%Pm ;&En%'l Q@ﬁgl, typically of

' DC b to
iF %3@@.‘3@%}?% ﬁqﬁik?%gwe Cgflotﬂgf%fﬂ@ SdS28cand 3% man be used to
nextlect thid formueli dirsction upidivn) dand tHevewithed ihhfid®BbA tonduct pure

[ | optr ed a contr nit BCl.
BG-Tery ih SafiephE S5 =R b BN o Aadumpcton/oft at
segeaquencyreginat fexi iz tcobdl thdimagnitudeoof riab! e@rént Icd (the
&g er known in itself. The DC/ DC bridge presented
in FIg. 3 conprises two bridge sections 1311, B12.

The first bridge section in the bridge according to

it groakeSTioWER HiddiPafidiBoors Pkl sdfithdd 421 €858 seq for PWM

contalnin contro emco
e e

gontrof ceptobmeihed ef thennuentian, the suitshes mseddar PWM con-
tihol apeviemesl mge cohtiastidn aReaebly i difETRRN8Rhe! sﬁgfﬂg'%wnches in

SUReBBTRIE i SRxERE Rihhoyh S0 i eimeb sopiptOrAme o ess.

- Sigs athios is viswalibed dgdhadindngtithgrahesn Fig.ef Whith, represents the

j ; e 30 idge. For .
SERERAT iR o Suohith X1 B $4F 8 well o4 Hig spiucton times
¥ sladesdS2and iB@4cont rol unit BCl. The nodul ation of
the DC/ DC bridge of the invention is done as follows:

control/led direct-current drive of the

=
HS%& RMBEahPoiné af Heewa e invantion prosidesniheoaduantage that the
ponierhstagS2d an KerhafindP¥htreaNbRitd &h Bbefdﬂzegtilg'éd\"’/‘@ a direct-

%hh%bg%bg?ggpéﬁﬁée@tss%!néﬁ éWTt-Fg Hglg{x%cbégg r"f) ’frr'u]cta Cil’rCIUit is typically

double the dissipation_ln__theg___sw_i_t_ghes that are not used in PWM control. There-

fore, acco'rd'i'ha-tb" the in\_fention, switches S21 and 523 are only kept conducting

for at most 50% of the time in a cyclic manner. The conduction period varies
according to the voltage (current) required.

As compared with the prior-art H-bridge, the circuit additionally provides the ad-
vantage that the ripple of the direct current Ide, which produces a disturbing
noise, is reduced to about half of the original level. This advantage can be util-
ized by reducing the switching frequency of the PWM swilches S21 — S24,
which will diminish thermal dissipation in the switches and increase the load
capacity of the bridge.

In practice, direct-current switches may have higher dissipation because direct-
current losses are slightly greater than swiiching-PWM losses. Therefore,
switches 525 and S26 are placed on the air intake side (arrow) of the cooling
segment COOL1 (Fig. 5) as it is cooler than the middle part of the segment or
the air exit side, as indicated by the temperature curve TEMP.
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in the control unit. Instead of alternating current, a
zero-frequency is used (non WO 2004/ 070933
. 4/ 000041 4 rotating field). In the _
wgici—;ﬁg(@?%grrent drive of the invention, not al TCF{)/FHP%"@“%“
sem con- ductor switches have Po switch a
hi gh-frequency PWM control signal, typically of a
frequency of a few kHz; two of the switches, S25 and

S d t Y i rect | ,
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ssidbs RedireBtEurrefitm g it -

contr ollﬁ p t hggeof tdrﬁ?m%gﬁgiw azér?e&g{vﬁqéttc fees'é'unasé%%q magnet
P@(?ﬁ'?:g ygﬁrm are turned into conduction alternately

in different arms, so the switches in question are

apout.. 50% of normal caqnduction tinme

ofhe aBRbEkBHL el AT R op st A Wie "eig# Agelocirc drves.
dByagpRlyirigntel prinaiplevdfithe imesntiens i tveill beepossitsle 46 tdo8r the power

t fog S . ]

Jonge Rt bengh devaicr iR by i d e Bns Rt hephnology. A
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(ﬁqﬁkﬁ- current drive. Thermal dissipation in the

| GBTs used in the circuit is typically 20 double the

di ssipation in the switches that are not used in PW
control. There- fore, according to the invention,

switches S21 and S23 are only kept conducting for at -

nost 50% of the tine in a cyclic nmanner. The

conduction period varies according to the voltage

(current) required. 25 As conpared with the prior-art

H bridge, the circuit additionally provides the ad-
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vantage that the ripple of the direct current Idc,
whi ch produces a disturbing noise, is reduced to

W@?ﬁﬁ&%{p Lf of the original level. This advant @%er/rt‘fﬁ L4/000041

- ized by reducing the switching frequency o
the PWM switches S21 - 524, which will diminish
thernal dissipation in the switches and increase the
| oad 30 capacity of the bridge. In practice, _
direct-current switches may have higher dissipation
because direct- current |osses are slightly greater
t GhAIMGI t chi ng- PWM | osses. Therefore, switches S25
and S26 are placed on the air intake side (arrow) of
t he coollng 35 segnment COOL1 (Fig. 5) as it is cooler
t haPG/RE Rildge é’Op@pntrongrm diregheurentr loadhgM &), rsaik itridge being

ShgideRbwitA UchiibRabBYsdHRORGHREE SIHER HEYBANEMEaMNg having
17000 ¢

2oo4gﬁ7§§%%cg‘acff Elf% %24852) enfa(BR) ofe\lvvzm% enééémm@ conducts

Ocﬂlrédie:urneﬁvmﬁleqne @tl@err&ie {Bﬁ) :§@ohﬁol‘ié‘tﬁvi§xﬁm§’ @vuiltﬂ modulation

vari ed

d ed a ove, but .
@%g%ée%‘f aflsht@ecq“éﬁ% ”Eﬁg&fz@ﬁ?ed beI ow. Besides | GBT,
t¢hargctarizedinthatsed may al so consist of other fully

a2 coBNIE b8 AR BERSts F iR Prideeca@isi st of

e. g. tw ki, |Bg 1&z{g]hahlct‘oammaml cmrgwteoted F%E d’efga%a:l an%

arr apeefFthe € ITFI ue¥sr nét}vﬁ’cg\e%ai‘?] & ﬁ ﬁg %(é? lbé’|dge amms
angeea e rie e Pl et

power io0 range of dlrect current el evator drives by
chnql o ernati ng-current

i y. Al
g:jr%?rtﬂtg‘gt ?eﬁ?‘té?{fj’"@r a'ﬁ‘bdungfﬂfaﬁﬂsﬁdd@§léwoilh@dsamconductor

tewdichea (82 p,rsm)l ot trenPWM ridge irinkear8 Ratieeiodn Sitninebisly.
selected mainly via software control.

3. Control unit according to claim 1, characterized in that the semlconductor
switches (§21,523) in the PWM bridge arms are turned on alternately.

4. Control unit according to claim 3, characterized in that the semiconductor

switches used for PWM control are so controlled that they conduct substantially
for at most 50% of the conduction time of the bridge section (B11).

5. Control unit according to claim 1, wherein the semiconductor switches are
mounted as bridge arm blocks on a cooling base (COOL1), to which a cooling
medium, such as air, is supplied, characierized in that the semiconductor
switch units (525, $26) of the bridge section conducting direct current are dis-
posed on the medium intake side.

6. Control unit according to claim 5, characterized in that the blocks are placed
at different distances from each other to optimize the cooling.

7. Control unit according to claim 1, characterized in that the direct-current load

-is a direct-current motor.
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bridge for controlling a direct-current |oad (M),
ge being 5 provided with controllab
‘Nggﬁ?ggg%ﬁctor swtch units (S21 - S26) and ha%ETﬂ”m?ymm&"
bri dge sections (611, B12), oné (B12) of which brldge
sections conducts direct current while the other one
(611) is controlled via pul se-wi dth nodul ati on (PW)

BLnLent . ma ni t ude r.act er in
t R PORH O puiGrE Ty BsaraRtered 181hatihg ehiertaggent load
alsna braking magihet of @1 2Rvatdr. whi ch arns are connected in
parallel, and - where the sem conductor switches in
t he paraIIeI connected bridge arnms are controlled via
POWCoBtrbbumit aceuamklingpto clairheld dhardgierizedtin ahat the Bridge arms are

5 Rridtiet B kadh eiidh RONRT o B haule) UBlg Sk Roafipr ot teast
bﬁi@@@“ﬁﬁﬁ§95ﬂ£ turned on sinultaneously. 3. Contro

unit according to claiml1, characterized in that the

ﬁﬂgsond ctor swi tches (S21,S23) in the PWM bridge
at At Aoyt RCgoRing (o slaiat bicharactetizeddn thaithe same bridge can

afunetion ﬂ:@tﬁ in & dirgetBurRIRReceahd §¢l ahnaifé?ﬁéﬂﬁdléurrent drive, and

o B B Fhnt e B sl i, e St et

ningtcuBiEYit dfivé.he conduction tinme of the bridge section
(B11). 25 5. Control unit according to claiml1,
wherei n the sem conductor switches are nounted as
bri dge arm bl ocks on a cooling base (COOL1), to which
a cooling medium such as air, is supplied,
characterized in that the sem conductor switch units
(525, S26) of the bridge section conducting direct
current are dis-




posed on the nmediumintake side. 30 6. Control unit
according to claim5, characterized in that the bl ocks
are placed at different distances fromeach other to
optim ze the cooling. 7. Control unit according to
claim1l1, characterized in that the direct-current | oad
35 is a direct-current notor. W 2004/070933

PCT/ F12004/ 000041 7 8. Control unit according to
claim1, characterized in that the direct-current |oad
is a braking magnet of an elevator. 9. Control unit
according to claiml1, characterized in that the bridge
arms are 5 connected to each other (CONN1) on the
power stage circuit board or at least at a point
close to it. 10. Control unit according to claiml,
characterized in that the same bridge can function
both in a direct-current drive and in an
alternating-current drive, and |lo that the contro
unit has a switch (SW) for selecting the
direct-current / alternat- ing-current drive. E




