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WD 2004/ 070933 PCT/ F11004/ 000041 1 DC/ DC BRI DGE FOR
CONTROLLI NG A DI RECT- CURRENT LOAD The present
invention relates to a DO/ DC bridge for controlling a
direct-current |oad, said bridge having a power stage
provided with controll abl e sem conduc- 5 tor sw tches

wane4ewpdri sing two bridge sections, one ®CTARI08M00041

bri dge sections conducts direct current while the
other one is controlled via PAWMto regul ate the
current magni tude. El evat or notor drives may be either

alternating-current or direct-current nmotor 10
oFPWPé‘sBR*ﬁ& HERVGRNTROLLRICA RBET-SYRRENT LOADPWY
(Pul se Wdth Mdul ation). Today, alternating-current

' irl iall.y b f
T et YSEnRitTo e in GERE ProcB 3R Tolivy BfeS et
Heagb\paid bridpe daving @rpower stage pevidgd iwitescantrellable $dmicanduc-
Lt_SﬁswiNFéé Eﬁ(? gér)]rt%piiéing'é\hmd rﬁg?@%ﬁtﬁiﬁéj ol Whikte BlideSsetions
HoPifds et 6B BRI s i Gos risBrilied yiaP Mo reuigre
|ayenidnagndttidesur rent notor drives and the
direct-current notors used in themare durable and it

[ her ef.ore.unnecessary tq replace themwth
el aotRl, S et 52 Rlifes el AR Frsol B Py sy
tdhivesroiiherdrives amayshe edrdroliacet.g. Vin ghWiMdulse WidircHodilation).
tToaag aﬁéqurfg? éﬂ%g@lnﬁc%r[tiﬁhﬁglareﬁgrrrg%mr?% %FPMAAIX%F%@%
[ .a-
5808 BB Peicld ol eimalnd ot iy BRFe iitug ciert Sy
dnotercarives areestill inlubadNpithems dddivays apprapgatiedo nelanear direct-
%Qtﬁ@mﬁﬁ?tbﬁdri\iéuﬁihw alii agéﬁaiﬁhgcurkgﬁigln?tﬁtr quvet' _bﬁgausgce.grh gear-
er. -current. driv |
ARt ploF et ntihe Sl e Mot e L o gre
iagrable @l ibispeereiate uhracessapeiciraplage them wityaltematiogsurrent
PRNGEEE) BeBREYQbHadAg (B MdiSr Jils PlaRlytHIh &stsuat i on
in future so that the use 25 of traditional thyristor
bridges used in direct-current drives wll becone nore
dircei the frend iBHewaisisediernating-tierenhmeter idoves, & is alsovherdip ree

tib@al @6 @ﬁ&ﬂi@!ﬂg dEveRbipRivePElbctidfBROLIORY foraRe R et ®Yfokof

'gﬁg\ét-toiﬂ_gntoirigﬁ?. nca%l%i&?,l ée%co%ggr gérhg&%nIs?rsucﬁw as IGBTs,

I FEct- cur
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-conirolled 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 consists 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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30 |l oad, such as a direct-current notor. The sol ution
of the invention is based on a new principle of power
el ectroni cs topol ogy, wherein it is possible to
utilize the technology of alternating-current drives
in the control of direct-current notors. In the
WONUNOTEH of the invention, a PWW control IREA/FERAG4¢pe41
section consists of two brpdge arns, and the
sem conductor switches in these bridge arns are turned
35 alternately into the conducting state. The sol ution
of the invention is defined in detail in the clains
bel ow. WD 2004/ 070933 PCT/ FI 2004/ 000041 2 By using
t By usinghhekashyoiody ofithe investin dns podsitls t@mﬁﬁufbét@retrﬁodern

”ﬁﬁél‘ fRehdMmigal Wﬁrf Ebntréﬂ(;é‘?j & Fe%f‘ &fﬂ'e%? fmdo M@&g: :j ¢ Levator

Ct cur

aE}Bﬁ’ F@%ﬂnisohiﬁ applying Jbe Wﬁgﬂqnh @16 poMettalenironics deghpolegy and
eteroporentscsf diienfatiog-agienddbves manpansel Sn erge production se-

héseéd?‘?ﬁé Gﬂlzé?dl‘ frf tﬂ%ﬁt—gfnleﬁgﬁm)é?nm O&Tldr %O%I aﬂ%g?é %tﬁﬁr shivic-

dﬁf%g t %W@W%ﬁfé%ﬁuﬁuﬂﬁ &AN §ea¢ﬁﬁtl@@1rf@ theserused in eltarsating-
t bigrgmbdeivess lragedition; el s sfaRmnticRet swihed, GuthaSs $GBTs

u&frpbé ShtlideRr &l vgh trF&rechr{eﬂﬂéeoé)%étﬁgﬁ %{gp InceHic addi t D é:ﬁstgsgﬁ-

use Sem con

opg% ﬁfez%ﬂ‘dﬂeé/@@m Aevelnnment apd, produetionppetheds: avihe samedyethn

padst daplearsed troisdth aitematingicgsntaing disktiRnest dides.
devel oprrent and production nmethods as the same neth-

? used in both alternating-current and
d'." e ”e\M'PG dhe nypiipagvill be desraibedin dalaihwith refasenoaie A iesn

warhple Bed thesatiachetdrawings twhickein t h ref erence to an ex-
anpl e and the attached draw ngs, wherein 15 Fig. 1

esents grl or-art direct-current bridge Fig. 2
F}Elgsbwpgergs Bligicakditsel-engeent Bridge al t er nat i ng- cur r ent

drive, 20 Fig. 3 presents a direct-current drive

N Eg[m DC/ DC bri dge
accor@] %%t%%néﬁ@ﬂ{ Iﬂv %tdl %alte 525%%1%3@}% 'S a timng

di agram for a DC/ DC bri dge accordl ng to the invention,
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 to 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-controlled 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,



and 25 Fig. 5 illustrates the |ayout and cooling of
the sem conductor switches in the DC/ DC bridge of the
invention. Fig. 1 presents a prior-art PWcontroll ed
H bridge HL of a direct-current notor 30 drive
intended e.g. for an elevator application. It consists
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di rect-current source UDC, gach arm contai ni ng

control | abl e sem conductor switches S11 - S14 for the

positive and negative poles, consisting of e.g. an

i pverse- aralfiﬂ% connection of an | GBT transistor and
d

al @ GePepRRn eesera s netwark: bddasc A rasnvsedoace prigr-art
sﬂmdm -plsast hadtediating-turrdh drive rte ntctifptiny amérné’tmge\lrdﬁﬁgé @F -the

W aBRAAZ 91%”% o gt/ \B&%%@ :9?14 rﬂl?ébrl\:étﬁg gug&?nt ggiuatgg Hmt

cor re ondi n
i 1 50@1% Ctoe bg g 'TtTheéEldBﬁ hawindhe BpRRIENH dpveal Amemeontpllable
t semieaidubipr switchal B21 P8LE, Mehiohodrk @BncRied!th @acHIRINEk bhEEEC

it b BhAR S Loy M AT ol G rﬁ%‘

|'iﬁart3F?é°r@BB@rd'%$d | ower arms controllable 5

sen conduct or sw t ches 821 - S26, whi ch are connect ed

tlﬂ m%ﬁlen?ﬁé’\'gfe%trletm& 8?31\&18 HYegﬁg% lﬁe %@S?Irsr% three-

erse-
t rmfﬁg iaderpatingray rrﬁnmrwaéompﬂsm # Retwsrieconvhgerdestifier bdge),
rmtnmtordlirldge EoLs) |hdil|ﬁ:tcbr§1\/"ﬁi§ px‘é@erﬂt&mlrdn'ﬁ@ra FelRteh %&pr@éélsé to the
ri,ve ¢ Il sl
E@gﬁ%‘%ﬁ&ﬁ o rAGH Yo ot i Bt 5 BUTors Frety
afha ﬁlSriHﬁ%etnEﬁdsm 1@ PHecssbing to|thﬁ/@ﬁent@ﬁ ihelsamedypsqb centsdly

tlable h;emldaﬁdl%rbiwndgﬁ tBeHk 09ed MELAR LY rechit® bAG§SVBRK the

Eﬁbgggl d the inductors nmay be e.g. as presented in
ccordl ng to the invention, the sane type of

control | abl e semi conduct or switches can be used in

kg[8 plesentea tid/Derorigé BY ecemnding e thelifvaib® whithii§l98ed to

feed a direct-current motor M1, a direct current ldc 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 two 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 521 —

- 824. 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 — 826. Thus, the
bridge as a whole has three arms, corresponding' to a three-phase DC/AC
bridge. For each semiconductor swiich, 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
PWM-controlled direct-current drive of the invention can use the same kind of
semiconductor switches 521 — $26 for PWM control as are used in an aliernat-
- ing-current drive. The direct-current drive can be selected e.g. by a switch SW1
in the control unit. Instead of alternating current, a zero-frequency is used (non-
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Fig. 3 presents a DC/ DC bridge Bl according to the

i nvention, which is used to feed a direct-current
notor ML, a direct current Idc flowing in the notor.
The bridge is controlled by a control unit BCl.
Magneti zation of the notor is accom 20 plished using a

weaepdhWPd nagneti zing unit MAL, which is ECGHFRGWDEEL n

a manner known in itself. ZThe DC/ DC bridge presented
in Fig. 3 conprises two bridge sections Bl 1, B12.
The first bridge section in the bridge according to

i 25 13111 and 8112, each
cistt AEE TR Ao et Gevn o RRIGHTSNGhGT LTt cegoss

8@uitor Biichiesi fiye t@switchar i&igl@ﬂ@mb)ﬁﬂ\f\ﬂ\mcmhagﬁdﬁ qy i€y o
th ?regﬁ’&%g o?ta"’\‘gﬁ ?\Hc% by tr@%?\gtghé’ %08 and X cg% be dﬁsgg

cohd br| NsSists o
aﬁ? YR ST |0ak£wa!d%\@ﬂ1 wuHbe svihes i qusstiemeandusatire
826 .cuifbnisThe bwitches iS2ge- 836 ascdlion Mhﬁ%glrblreﬁ@ é@hé@ on/:)ff at
COr ree- e . ri
B ISEARI A e BT TR R BBl e
ptPEWPHed in the control unit BCl. The m)dul atl on of
the DC/ DC bridge of the invention is done as foIIows

I
e qrbaRLORUl BB BRI HESHRAISAME Sle 18 far pm
Spntreh sth %29ntrol schtﬁf timmpovenienrthe swiches eised td PWM aon-
atd armatrne:mlgtocwﬂdeﬂioncﬁlﬂemtelﬁr lhedlﬁéréﬁcémﬁuéd g‘léf:sovﬂfché@ in
Botih 3 Gt BBl toPYodhe 3% Ghonh cdrdybidh el fess,
Sué%tl?n('% ¥isuglized oo Aheotining 3o i P04/ Bbigh4epresents the
rwhdﬂatlng tifnes bﬂs)wntohes Bbe, SHrLEtS2EWHsvRIMtasdid ¥shdattidMfnes

'dﬁ‘d%%égﬁaﬁ@ﬁﬁ" of the senicon- ductor svvl_tches

have to swtc hi gh-frequency PWM control signal,
typically of a frequency of a few kHz; two of the

- $idih chdwmE2mininet \GR6, théamdnﬁomﬁﬁ‘ﬁldb@ thé ab@fitagenBat the

uSubrar i Aemifotgiie (AR oAl Bo Sl WlRRLIRe war-
Detlkies DheTmakABBRRIPI ndhe IGHT R b8 oyt isatypically
fdoeioja drecdissipatian fire thckdvitchay Badre @bt (9@ iIRON tustro] Ofhardre
%3tb! &Rbrdigto tdfivention, switches $21 and S23 are only kept conducting
for at most 50% of the time in a cyclic manner. The conduction period varies
according to the volta'ge {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 switches S21 — S24,
which will diminish thermal dissipation in the switches and increase the load
capaclty of the bridge.

In practice, direct-current switches may have higher dissipation because direct-
current losses are slightly greater than switching-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 segiment or

the air exit side, as indicated by the temperature curve TEMP.



10

torque). The greatest power dissipation occurs in the
swtches S21 - S26 used for PWM 10 control. In the
control nmethod of the invention, the switches used for
PWM con- trol are turned into conduction alternately
in different arms, so the switches in question are

wonbogommar at ed for about 50% of nornmal conrdustzicamoebd me

or less. This action is vigualized in the timng
diagramin Fig. 4, which represents the conduction
times of switches 521, S23 and S26 as well as the
conduction tinmes 15 of diodes S22 and 524. From a

t Kd§ pBYIoysoiorthe perspneskilled fire therarb gt differanbembiesiniehie of the
apventiodGe hixaimifedao tHRONRIMPK @&%n&fd %Rwe but that tfgey may | be

B AR o REOE o e %ﬁ@%sﬁﬁ;esa«tgi sl oS, BT, The
| Syiiches yaed May tise esinsistdftother fulypgatextontroléd dompdrentsh Be-
diigsd @arrécaauﬂréhttnmorsmetisébe,ﬁg;f bt @it %P& a8 %Faklnﬁ hagtet

c r There- fore, according to ven
%%ﬁi%?tﬁl and S23 are only kept conductl ng for at
nost 50% of the tinme in a cyclic nmanner. The

Cﬁ@&féﬂ Be et 'th%.dan@{hbﬁ %an B& 684dh %q‘”&‘?f?'h?ﬁ oY&leétﬁ@Snvets

requir
(rﬁ‘g 3’2‘%3 th?rPg'”E'PEc‘EI jtpe M@"fpﬂgﬁm"ﬂﬁ fﬁﬁscswed@@metha@ower
viange geeditesheurtdné elevaipt drives byhsindi the ¢test UGBERéchhdiegy. Al-

V&bhﬁhﬂgﬁé&ﬁé‘h? Qfd Q:hr@btsédl‘treﬁi Pﬂ/e ﬁ‘xBPﬁSsl_ chi breegé&%ﬁx%letdoon the

e o
a%% '?ng”‘i*% éf”%yar}de% %‘PH‘&E‘P%CW% éﬁ'P‘Ff@d may) éﬁc’%ﬁf@ﬁre
ta98treM swi t ches S21 - 524, which will dinnish
thermal dissipation in the switches and increase the
| oad 30 capacity of the bridge. In practice,
direct-current sw tches may have hi gher dissipation
because direct- current | osses are slightly greater
than swi tchi ng- PWM | osses. Therefore, sw tches S25
and S26 are placed on the air intake side (arrow) of
the cooling 35 segnent COOL1 (Fig. 5) as it is cooler
than the mddle part of the segment or the air exit
side, as indicated by the tenperature curve TEMP. WO
2004/ 070933 PCT/ F12004/ 000041
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51t is obvious to the person skilled in the art that
di fferent enbodi nents of the invention are not
limted to the exanpl e descri®ed above, but that they
may be varied within the scope of the clains
presented bel ow. Besides |IGBT, the sw tches used may
al so consist of other fully gate-controll ed
CLﬁwﬁ%onents. Be 5 sides a direct-current notor, the
| oad may al so consist of e.g. a braking magnet of an
el evator. The arrangenment of the invention can be used
in a wde range of electric drives. By applying the

1. Pri peimd ephgd h%r'éﬁﬁﬁ'ﬁﬁlhé’na Hﬁed{’ﬂchﬂrerﬁeldéﬁs%ﬂﬂﬂ s£|9 bridge being
cover the power to range of direct-current elevator

Proyided eqvithy qestrallabien eseraipesiucloGBIW@C hwidtlsod$21 AF S26) and  having
twd S5RRE RGeS qBY 1.aM8h ] et -(BYSY et mﬁ{dhveorfaggulss&aoﬁém conducts

be assenbl ed on the sane roductlon i ne, and
d"%pwrteéltl While athepethse| ana <8 1ikiin| wmroae%ow@ V\alﬂlée'W'dth modulation

(Pwmljl¥d:‘ébula€é thgeﬁllréﬁrﬂa(%\m%éjc bridge for controlling a

direct-current | oad said bridge being 5
chanrgi¢rizgddn taath control | abl e sem conductor switch units

- (Szt%e'Dééﬁﬁbri@g@ (@?)Vdoﬂgiststdf%r@é bR atget i ons (611,
2), one % bri dge sections conducts

- di riee(Bait, r%ﬂtz %Wfl“éh @W&S Fewenngstrd ippamylel antont r ol | ed

- Vi %Més%ewsgﬁ)fboﬁ@%%ra%w&éhes(gw int fher %Qi‘éllléﬂtc%nﬁ&ﬁed bridge arms
current gnl tude, characterized 1 n

areenirgied MalgéM tofogm é‘éDrYngqOﬁr@'fedtqﬁ'ﬂ@%SWtioﬁge arrrs - two
(Blll B112) of which arms are connected in parallel,

- where the sem conductor switches only in the
2. par%qmt@ll Bijh rRcsPetingo rip dglainyr s chariestegizedt ripl thed (ea spigonductor

swifcRed @M, QZQVMI%DPWI\PH@% et?h's%g@tuﬁ?&itdrpﬁmuﬂaﬁle%uslfom rol

unit according to claim1, characterized in that the
sem conductor switches (521, S23) in the PWM bridge

3. ar nBorffof Lt NRLoRIhgS tTULbRNePUShYracterized in that the semiconductor
switches (521, §23) 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, characterized in that the semiconductor
switch units (525, S26) of the bridge section conducting direct current are dis-

posed on the medium intake side.

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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3. Control unit according to claim 1, characterized in
that the sem conductor sw tches (521, S23) in the PW
bridge arns are turned on alternately. 20 4. Control
unit according to claim3, characterized in that the
sem conductor sw tches used for PAW control are so

wooemsonded that they conduct substanti al Pgr/mbosomis

nmost 50% of the conduction 4ime of the bridge section
(B11). 25 5. Control unit according to claiml,
wherein the sem conductor switches are nounted as

bri dge arm bl ocks on a cooling base (COOL1), to which
8. deitiohypit ageendinghto claitm 1 ehasaateried is thapthe ditect-current load
Cib anmshing inagiktioarh Btatbhe sem conductor switch units
(S25, S26) of the bridge section conducting direct
current are dis- posed on the nmediumintake side. 30
6. Goonro ohit assiotdirarioaiaimny charagterize Sn thab theagidge iaras aid
t e

(Paneb 0 Rt BN B0 € holy o baR g Egfoast
(PR CO8BINY to claim 1, characterized in that the
direct-current load 35 is a direct-current notor. WO
2 : 4 8 | L

e ar e A At ety 5 fEalfbioo o
Hrctiop Rl e Ciregpyrrentsdryegngkin iy #Hegiiing-eprreny drive, and
dhahila controbuniCesta switch (B 1 afoe eslditing thaodikbBduneht / alternat-
CRAE@FIRGHGEd 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 claim1, characterized in that the sane
bridge can function both in a direct-current drive
and in an alternating-current drive, and 10 that the
control unit has a switch (SW) for selecting the
direct-current / alternat- ing-current drive.



