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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

W0 pooafoti9eh rel ates to a DC/ DC bridge for contrpCT/Frgo42000041

direct-current |oad, said bridge having a power stage
provided with controll abl e sem conduc- 5 tor sw tches
and conprising two bridge dections, one of which

bri dge sections conducts direct current while the

DOHC BRIDGE FOR CONTROLLINEGVN DIRECT-UURRENTELOAD
current magni tude. El evator notor drives may be either

alternating-current or direct-current notor 10
drhevpreseimh mvdntimselmae toea @OMD®bridge dogcontralliiy\Bl direct-current
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use. s It ways appropriate to replace
di‘#”@@ltmacﬂwtpéﬂ{ notor drive with an
al ternating-current notor drive, because e.g. gear 15

| di t t t d
TR Natpt LtbE ALV ot Biscaiier A el utfent, crulieatiqyriet motor

ictnvebeﬂ'béairelesnnayekfesaommlted e[y. ate PWMT(WWIB@ Width Modulation).

&o%r%%tén%tlf\gr({u(?r%tnt rﬂ?tro?r rﬁéﬁvagﬁ falﬁgséo% ggbg‘géﬂg because

rellative
tqféh@ sirgpleoastryction of ﬁﬁernagng@urr@nt mebersy Hmwewes, dirgct-current

| fofdh SPivBsard kil ug(Q Nk s ti0a R §'d‘tdlﬁ)?6‘érlléfeqs\f8blgee a direct-

power el ectraonics yst ens use e control

(GUTEnE TRAIPF SHYe drih 88 alleRnaiing: S4rERNt metar Bivgudespuse e.g. gear-
qeseanetttcurrent Photds dritBd aind m&&ﬁrdoﬂcurrent motors used in them are

nat i et drives are,al com n A
A ERB AR P Bre U ERer ¥t 5 sl tiaplmatl afempfing-current
imotoo doiee e Xirxides] replatingsthe anatior gntadies relaguélgthigmsosts.
concerni ng network harnonics may alter the situation
in future so that the use 25 of traditional thyristor
Brineyde tread is dowardscalieynatingrecudent Bl diivase doisealse hardly ra-

diohfl fﬁ%éecn‘ﬂéﬂ Qﬁv%?d Béwéh@le’cﬂ&ﬁf@&'s%tén%s t& l5§éeffn0tﬂ€"control of

dr awback -art technolo and achi eve

t [ o
rFEWCI “FpEen dpGR- dBn@ Qﬂ"P’édSWBQd%‘thEJQQ”TQﬂ”eQ"S such as IGBTS,
diseeldh aﬂ:téfrfefmg -cuBkbt @Riges 3 Al Aise Bmd tbét!ﬁmlﬁgl’tﬁ(ﬂétasmgly efficient

td°<5¢onom|c§I0||\}l‘ct)r'egOero f|t }sr}% t'nemé%r)]etzétg(rj] that ebsapse%lall?/ héw 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 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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direct-current notors. In theysolution of the
invention, a PWMcontrolled bridge section consists of
two bridge arns, and the sem conductor switches in
these bridge arns are turned 35 alternately into the
conducting state. The solution of the invention is
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diuF %%P MP@W@V glagresircuiiseCaiy RaUEelical 40 1those dlsed He alternating-
séurdent dru/@es|roédam@npqvwmétoa%nchsﬁdu&ér §@ﬁcm such as IGBTs
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met hods as the sanme neth- ods can be used in both
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v@fiﬂﬁ cgih@nq;@qhgd a\é’i{lgsa?‘l"ﬂeée'ﬁnd the attached

drawi ngs, wherein 15 Fig. 1 presents a prior-art

LI e 2 esents a network bridge
ﬁl_r-]'b ﬁtpg%ggpﬁgtqrﬁ) agﬁ&lreecﬁt “&fﬁ”%f'g% Fig. 3 presents a
di rect-current drlve according to the invention,
C venti on,

R e Sk R S
according to the invention, and 25

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.



Fig. S5illustrates the |layout and cooling of the
sem conductor switches in the DC DC bridge of the

WO pweti9en. Fig. 1 presents a prior-art PWW coPCT/®82b@eh00041

10

15

20

25

30

35

H-bridge HlL of a direct-currenf notor 3o drive
intended e.g. for an elevator application. It consists
of two bridge arns Hll and H12 connected to a
di rect-current source UDC, each arm containi ng

cligt 120 tbrabssoraiinglg opegehiar asmtmheﬁ)rﬁ@b A1Sé§ dsed e prior-art

0 blod e Faer i e, 46 SREVBEMY allpertfla, Eliage of the
anetivode UAThintb @i diceet fveltdge AJRITy aod an taiteemmmgaadréarit inductor unit
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| A Wi drpﬁfa%rélsotcer%%‘t Ritas§. §{1 ligvdiab! fdég%I%F rc,ro‘?\%cﬁ‘c{)(ﬁ éﬁén IGBT

to recti ternating vol tage o net wo
|tﬁ"i‘rbs'§°6?'¥‘é@tde9§¢tage UDC, and an alternating-current
i nductor unit Pl connected before it. The bridge has

JBrbRTRRE Tl et Bkl e e imaronrs onaeuiazat three-
tpmmcﬂdtanea’mg -&upbaisdriveacemplising awmtvmlrls ooversaryredifier bridge),
€3 Inotdl b'rlﬁﬁg:]%f% ﬂgﬁ@&é%l %nﬁree%tehf) n{ ﬁ@ Hg?%% expressly to the

transi st I NCI p
nBEdC dnridge f@edmgéhem@t@r | Bhe hetwark érigdgerangt ther inductors may be

té‘Eeﬁs Eﬂé‘sdﬁ*ﬁ@eﬁﬁ\ Rigt er ﬁ@&br@gﬁg:fér t'h%']ﬁ é’r{tlo‘he tf‘?é’%’ﬁw'esl}/ﬂ& ofcontrol-

converter (rectifier
b e ERDHSC oT stighes 6N henwieRsl 165t iae deciiastuisiieyand the
tmotdrdridgel DC bri dge feeding the nmotor. The network
bridge and the inductors may be e.g. as presented in
Fig. 2. According to the invention, the sane type of
dogt 8 giresérid laeDE€ANC dwitihec b acsaidirg s theaimvbetiors edhith is used to

E%EB éai&ﬁeéteﬁr édterrnB@ E@geaatgﬁpeél@rreﬁs IH@tﬂ%(mrj?%i'nfﬁrZe motor. The

esen accordin
M{ﬂ@@t lﬁmntr@m@ RYyiascomrtee] it @éehrla@netlzaatmn efuthegnotor is accom-

;@Isﬂéd MincPa @ep8fdte Wég?r%ﬁﬁzlr{gd&mf MOVS RehigR id BSntF@fe?irm a manner

rl{;gﬁ is controlTed by a control unit
on of the notor is accom

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 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 — S26. 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
PWM-controlled direct-current drive of the invention can use the same kind of
semiconductor switches S21 — S26 for PWM control as are used in an alternat-
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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sections 1311, B12. The first,bridge section in the
bri dge according to Fig. 3 conprlses two arns 25
13111 and 13112, each containing controll able

sem conductor switch units S21 S24. The bridge arns

arotatirgniied). dd the dirachcotrdstrdrive dfhthe poveTtiost, ABe aft iof “?‘Wé Eemlcon-

B@ﬂg% %\Jél?cs S"rg%\}éet%t%w. Nl -Faﬁqqs’pec&?\ﬂ@\&cpgﬂp@lgnal typlcally of
seiiegpeto vhra tew ktlz; m\motosf tB2switches, SEBusnd 828, can be used to
biélgge(gﬁ%tﬁu% E%t@ﬁ%gb)&@ rthéag ifci’nzéﬁﬁﬁgi&gg%rg Pgnduct pure

Rftewirend. Eomswniiches S2d24 ecsfopPWMdeential areterned on/off at
C@ﬁ?écﬁlen@?'éf BGbw ke @%hﬁ%gﬁ%maérﬁlﬁ.:g@do%grétﬂ%t led (the

i nvention i s done as _ _
FtﬂﬁﬂQ?Sntrol led direct-current drive of the invention
can use the sanme kind of 35 sem conductor swi t ches

- for control as ar use al t er nat
Tk ot van SRR tedite M e Siicngh §81 2686 58d for P
seindest.do the gonbrpl mesheod ohtr@\/ihvemlmrt hl&e switches ugsd tfor PWM con-
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fquasyipn arg emy qpearaied: Wirabent 59% wé nsfrmaheonduetinn tme or less.
ﬂﬂ*ils Eddtloﬁﬁs t\)’Bija‘?nQ@H GRMhe %Gahgfdégrafﬁ h??@ail! eYvHEhSP@ptréébnts the

h-fr P tr
fq'o SH%”? %/Saw\% %1\A&‘?(?’faqq1§2§\ﬁst\@ﬁlé§s tha soRgirtion times
Sifﬁjlocdmﬁb@andﬁzat.o sel ect the torque direction
(up/down), and the switches in question conduct pure 5
DC current. The switches S21 - S26 used for PW
doet @l thermat poirédfoviewf thatinventioneproeides te adiamalkizthat the

t;ﬂnvé?é}ngtra@b Bﬁ“%nngl%taﬂrqg cBFrehp%n%” d'bel @@'t\f tgﬂfzﬁd in,a direct-

tor &}f}% at est I on o
@glvszi’ herrBde@mtlparmmM IGﬁ;Ta: geed dn .thercitcué is typically

letﬂallé)thd’f@ﬁsbl diioh it e BRSNS PRt a?@ﬁo?%é@ FI’?@V\V‘I@Ierfﬁrftl%r There-

P et to, ety sndlahet Aed ansl S25 are only keptconducting

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 Idc, 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
capacity 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 middie part of the segment or
the air exit side, as indicated by the temperature curve TEMP.
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conduction tines of switches 1, S23 and S26 as wel |
as the conduction tinmes 15 of diodes S22 and S24.
Froma thermal point of view, the invention provides
t he advantage that the power stage of an

alrt tie obatousdgocier pavsodrskiidcimntheeaift thay differéntz&fbblinfents of the

g S48 Y5415t BRI, S SR L8P Dty ey e
dV&ﬂﬁdoa\tliihUh the sdopes of ttb@e}ialtmapre{reﬂtenbtbelmd BesiddMMIGBT, the

SRS RS SorB A SR agen 5
nides godisast-curent metor, m%loajddhaxt alsone@nsist™ie.g. a braking magnet
ceruhsielatorperi od varies according to the voltage

(current) required. 25 As conpared with the prior-art
H-bridge, the circuit additionally provides the ad-

VEind agangémbnt bethei lh%rﬂlcﬁf cdrhBe UiseqQ G aQMHéQthé @F electric drives.

di
5k BB RATY e SafdterordhR P ensba AHiNtS B dgeauan the power
b’@n.BIOf dlrez:édutrgen'r eldvatargirivee Bmusingithg l4teetLEBT teétinology. Al-

ni sh

Ry Gttert S Sirbotogittnt diVR Moy FPE.EBerped on the
|~°<?aae %@dwﬁy@é\dmey astd theeapplicatien can e setectad mainly via software
digrgedl.- current swi tches may have hi gher dissipation
because direct- current | osses are slightly greater
than switching- 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 segnent or the air exit
side, as indicated by the tenperature curve TEMP. WO
2004/ 070933 PCT/ F12004/ 000041 5 It is obvious to the
person skilled in the art that different enbodi ments
of the invention are not limted to the exanple
descri bed above, but that they may be varied within
the scope of the clainms presented bel ow Besides |GBT,
the swtches used may al so consist of other fully
gate-control |l ed conponents. Be
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5 sides a direct-current notor, the |oad may al so
consist of e.g. a braking magnet of an elevator. The

waeooanywaent of the invention can be used in aP@i/ER004/000041

range of electric drives. By @pplying the principle
of the invention, it will be possible to cover the
power 10 range of direct-current elevator drives by
using the latest |1 GBT technol ogy. A ternating-current
and direct-current drive nodul es can be assenbl ed on
t@ A”?gne production |ine, and the application can be
selfected mainly via software control. W) 2004/070933
PCT/ F12004/ 000041 6 CLAIMS 1. DC/ DC bridge for

[ j - . L d\bridge . .
51 RO Bfagh S EChrditid F MipRRidri Unnd dhfic sl Bridge being
swPYigRduith soptsoliable spg)icendudieswilch unids §B2tige S26) and having
e, DfGo SactonsolB1, OIS AR A WRKh SRS sectiong,conducts
(BES Y eebwﬂﬁ%ﬁm%ethﬂr@q@uﬁ%@ W aemireHeghyiaiube-widtwpodulation
s R e onei ot o of three |

. ri dge con
Iaérlﬁgaégﬂzﬁ@ 'Sﬂ?%% (B111, g13112) of which arns are
conniéetl2Q/DG bpidgal(Be) corsists-of teeeridye avams conduct or

i ' | C i dge. _ar are

S R e e LI
sectWoere the semigandustor switchescior tienpatatiektenmacted bridge arms

char sretenitned via PR 16 RSms 8 TEVORNESSHQfed ﬁrgﬂ'gte%f&ﬁion.
(S21,S23) in the PAW bridge arns are turned™on

simul taneously. 3. Control unit according to claim1,
¢har@onteoli urddacoordingt tot digins e Meharsbieiged is WhatR8Ssemiconductor

B8 e} S50 LA S9RGR e A RS, St

characterized in that the sem conductor sw tches used

foor @W&qmﬂr Rciifg8 GaR 1 ObhafhdibAbed HE¥hE IR YL niconductor

subsfantia
SWtI)tC es (S21 ,SYQS) 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 (S25, S26) 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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for at nost 50% of the conduction tinme of the bridge
section (B1l1). 25 5. Control unit according to claim

wazoosezm9gi n t he sem conductor switches are nOPCIL/EBRO®HN00041

bri dge arm bl ocks on a cooling, base (COOL1), to which
a cooling mnedium such as air, is supplied,
characterized in that the sem conductor switch units
(S25, S26) of the bridge section conducting direct

CBICEMtiolainit AlicordiRg e elafti 1t RBarBsterZed th Bied thé @ﬁ‘ecﬁ&rrent load
uni t Qcco r di ng)at o claimb, characterized In
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fromeach other to optim ze the cooling 7. Control

[ ccording tqg.claim.l racterlz [
o7 ol Atedrding b 15 ShPeREHeER T Wt R iddrenrms are
200veC*IDRB e &AT bHEZCONRIPSH the ;ﬁxwe@w’nag@blrcmt board or at least
é?l'npgloggt ]ta| m 1, characterized in that the
curren load is a braking magnet of an
eI evat or. 9. Control unit according to claim1,
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to each ot her (CONNL) power st a%e circurt

dHngiion bgth in étd'éecﬁtﬁuﬁ&enél%'élé Emﬂ in anigterogiing-eurrani drive, and
abapthdi cuhtiad ublt aalswitd(SWwt ?fdrzs%%dtlﬁgttﬁéﬂlrbbﬁc@%ﬁ / alternat-
r'%%ﬁre ﬂa function both in direct-current drive

afd A HY?er nat i ng- current dr| ve, and 10 that the
control unit has a swwtch (SW) for selecting the
direct-current / alternat- ing-current drive.



