A, Th rfstor-Controlled Electric Nbtor The'present I nvention concerns a
| yzistor-controlled electric notor, such as the d.c. notor. of a lift.

i/jstors are nomadays’frequently associated with electric notor drives.
ially ina.c. lifts in'which 5 squirrel-cage.-notors are used for drive
motors, it is possible to regulate Tor ihstance the torque of the notor by *

the aid of choke ¢ nts n LataQ veral, of its phases. In
t he capacity of cﬁbE@E%Féﬁ&ﬁ?@ﬁg%igﬁPgafﬁﬁg?%?épi%fbﬂﬁ%z?ﬁd to this
purpose, for instance in 10 pairs. Direct current lift drives have .
traditionally been Ward-Leonard drives. According to this commonly known
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rectifier. e thyristor Bridges neant for’rec yi ng ‘uses ich are

usual |y enpl oyeshys d4bbst a@w%&maﬁamﬁﬁggwmsé@is%&h

twel ve-t hyri stor “four-quadrant drives; rectifrers have also

been’ const gigked it trﬁbésx«eaﬁ%s%.stnéiecﬁfﬁiyyihssﬂic drj ye¢iss i%iﬁﬁ&k?.{)éﬁat e

to be used as a lift drive in all other respéects, but a problemhas-
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of the hoisting nmotor. This voltage variation 25 gives rise in the hoisting
rr?th or to apfsisidlertehreguidfd 2681 1asHAnde PRESYbrPidJofheHd fioBg 10
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by the aid of éhoke elements connected into one or several
of its phases. In the capacity of choke elements operate:
thyristors connegted to this purpose, for insténce in
10 pairs. | |
Direct current 1lift driveS'have traditionally been
Ward-Leonard,drives; According to this commonly known
technique, the direct current motor is controlled with a
direct current generator. But with'the'development of
15 semiconductor techniqges,'it has become more economical to
replace the d.c. generator with a thyristor rectifief; The
thyristor bridges meant'for rectifying uses which are |
usually embloyed in 1ift technology are commonly known,
three-~phase twélve-thyristor four-quadrant drives, although
20 rectifiers have also been constructed witp fewer thyristors.
The thyristoi drive is appropriate to be used as a 1lift
drive in ?11 other respects, but a problem has resulted
from the uneven voltage of the thyristor control at the
terminals of the hoisting motor. This voltage variation
25 gives rise in the hoisting motor to a noise, which is

embarrassing to the person ﬁsing the 1ift and to other



e

2 persons |n“the vicinity of the lift, thereby detractlng fromthe quallty-“
of ;the product Wth'a vi ew to danpi ng, .t he obJectlonabIe noi se, for -
i nstance-the.circuit of figure 1 of the acconpanyi.ng 5 draw ngs has- 0
previkously béen’ used. 1n this-circuit, thyristors make. up the rectifying = -7
bri:dge required for the- hOIStIng notor Mor eover, the thyrlstors are -~ ..
an;ected -by the aid.of commutation cnb@bs' mhlch serve the.sole purpose of.

protecting the thyristors agajn Xce rren at,the t nes when
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- the aid of commutation chokes, which serve the sole purpose
’of protecting the thyristors against excess ‘current’ peaks
.“1o.at the times when.the current sw1tches over from one thyri—"
_ stor to another. The sound damping is accomplished With a
. sound filter, consisting"of a choke connected to- one
'terminal of the hoisting motor and a capacitor connected
'h'to both motor terminals. This sound filter operates as a L
| .“; lsilow5pass filter, and the filtering improves with increasing'
:'oinductance ‘of the choke coil and with increasing canacitance
of the capacitor. The drawback of this solution is its high*
price and its incomplete functioning. Since the choke
-_'carries the whole of the motor direct current. and has a |
20 comparatively high inductance, it is obviously'quite expen-_'7
“H-sive. Furthermore, no complete sound deadening is accompli-"
shed with this design' a limitation is for 1nstance 1mposed‘
-h fby the circumstance that the capacitor would need to be made
infinite. in size. e '_
- 25 - The object of the present invention is to eliminate the
.' drawbacks mentioned which present themselves in thyristorb
fh controlled electric motors, and to provide a problem solu- .
tion:enabling the said objectionable noise to be efficiently '
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ambacks nentloned whi ch.. present thenselves in thyrlstor--controlled
ectric notors, .and to provide a problenlsolu- tion enabllng the said .

Tand at Ieast one series resonance

capac t Ange HHEoRn, ?Q&&?aé@aﬁﬁe@d%o%a%&?ﬁﬁ%%c& DG tea
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conponents connuta

“tasklin the acity o es . danpi ng .ch e sound danpi ng.” “A.

- further QQuadvamaossi 3B, 6 UBBEABGE HdinEnaGC ol BRR | Eonh e%eanance'

-circuit” constltutes a full short-circuit at a given requency,

t-'ntrOdU§é§d§§3ﬁﬁ@atéfhﬁﬂﬁlsﬂopftﬁélﬁ@%or, the commutation chokes

- serving additionally as a series damping choke, the arran—l'”'ﬁ
'gement filtering out voltage frequencies which would give .
10 rise to undesirable motor noise." | | ‘ |
| h The invention affords the advantage, among-others,“ f
" that the series resonance Circuit can he made to operatef
'Hj wrth comparatively low capacitance and 1nductance values,
compared with the prior art dev1ce cited above. It is~
415ftherefore pOSSLbleito.use considerablysless expensiveg
' components. The.commutatiOn.chokes may'alsorhe'rery nearly.
similar to those used in designs of orior art 'aiready, but
.they are assigned still another task in the caoacity of
- series damoing chokes of the sound damping. A further 7
'120 advantage is the circumstance that since the series reso-'je
_.nance circuit constitutes a full short-circuit at a given.
e".frequency, which introduces the greatest'amount of object-
ionable noise, the sound deadening will be more efficient co
t_'than it is in deSigns of prior art,_in which the damping
"ésheffected by the capacitor connected across the motor _
| tterminals is not complete at any frequency. This solution
is particularly-advantageous-in.the case_of a d,c,Jmotor o
.because for theidamping4out.of'the.fu%damentailfrequency;

|

i ectionabl e noise to be eff|C|entIy - and -advant ageousl.y- eI|n1nated “~-ﬁ
\ cording. to the present. i nventi on we prOV|de an el.éctfic notor, such as a:

i ft d.c. motor, provided with a controlled circuit conprising at | east - one E
;.: thyristor. brldge and connutatlon chgkes pro-."5 .tecting.the thyrlstors _3&/;
;. thereof agalnst excess current peak '
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|o§able noi se,- the sound deadening will be nore efficient than it is in
‘desi gns of prior art, in whi.ch the danping-25 effected by the: capacitor L
connect ed across the notor termnals i-s.not conplete at any frequency, ThIS :
“sotUtion is "particularly ‘advant ageous in the case-of a.d.c notor because
f-or the danpi-ng- out - of t he fuhUanental,;requency - that is.the nost R
..ogéectlonable f requency, ‘one single series resonance circuit is enough.- If .

i s conpghhed 0 I IMEsH JBYééDLERablet Brégudnoyyt dnd retngbey, one -
series resonance circuit each suffices for these too.It is advan 5 tageous.
in the casesefidsCredsdisnte bireblié tic enoughe I[fcons) doy iaompedled to
noi ses-since d.c. drives are expensive on the whole, -and therefore a very
~high standadsmpf opa:r fmﬂmxi:mbeSSofedfhler eﬁ;zndamentabufxbnemdu oBAt Ser ek
“invention is character- 10 jzed in that there have_ been connected in _
paral | el wirasohancer icdrewtbnaach suifiqesiafiprnghese theo s ukblakenedvan -
waves, -one-or several series resonance circuits danping_qut nultiple waves
of the fandtmgecus i theccaggarfade of LiEhst tpt Ber AR hedmiBindze
deadeni ng i s thep gained. i Anot her enb dlnent ,of the invention is = -
" char act er | ZEaej Abdr&tkanab %oﬁﬂﬁ§§qﬂs¥4R? rfesd F@&ﬁ%ﬂﬁ%?c?xEﬁpﬁlw? n"
times the freq

f.th t Kk , 3,6 o
12. Hereby Qlﬁegﬂ ' @%%%égpggé 83‘% g;ﬁ%ﬁ%\ﬁyhﬁhdlsr%&ad@r v@ Come Wi ?L )

the series- resgnanc
- .. . per

ormance is required._ . - _
One-favourable'embodiment of the inventicn is character;
10 ized in that there have been connected in parallel with the d;
. 'series resonance circuit damping out the fundamental waves, :
ﬂone or Several series resonance circuits damping out '
'multiple waves of the fundamental wave. The advantage of
even further improved sound deadening 1s then gained
lsi ~ Another emhodiment of the_invention is characterized in i
. that the'resonance'of the series resonance circuit-is: n |
:tlmes the frequency of the supolying netwcrk with n . )
equalling 2, 3, 6 or 12. Hereby the objectionable resonance
frequency is directly overcome w1th the series rescnance |
20 cireuit. | | | o
'.m. Constructional forms of the invention w111 now be'
: described by way cf-example wrth reference to.the
_accompanyzng drawings wherein-- ' - : _ _
- -PIGURE 1 shows a sound deadening circuit of prior art.
25-;- FIGURE 2 shows an electric motor having a scund dead—.
u'_ening circuit in accordance with the present invention. |
FIGURES '3 and 4 illustrate ‘by the aid of granhs, the
_ wave form of the voltage supplied by the thyristcr bridge,'
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circuit. Constructional forms of the invention will now be descri bed by
gy, of exanple with reference to the acgonpanyi ng drawi ngs wherein: - flIGURE -
A1\ M ghows. a. sound deadening circuit of prior art. 25 Pl GURE' 2- shows an *
1 \elgkctric notor. having a sound dead- ening circuit-in accordance wi'th"the -
':,\Tesent |nvent|on FI GURES 3 and 4 itlustrate by. the-aid of graphs 't he o
: “mave formof the vo[tage supplred by. t he thyrrstor brrdge : 5 and the ' .
'-correspondrng shape of the arnatuue%nurent Fl GQURE 5 shoms a srnplrfred g

 enbodi nBR C%’L%%f%sgaﬁl@l%‘&én?ﬁ%ﬁgn%%“é%ﬁ?ﬁf%ﬂ ?@5@&22"3&32&' |
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of,clargh%uﬁygg%% eanEEﬁfB érx thyristor brrdges The principle. .

char act e presen er is not changed hereby in any way. -In the

cireult “of @‘IrﬁfRﬁ"lfS Bh%%ﬁs"taﬂ”erﬁ’hgli%ﬁen b hfhe” %tr#’flﬂtéﬁ‘t%na”d

clari ty the sane rererence nunera ave een used e corrponents as i.n -

the iF fn (S n ure 2. The conponents |nd|cated
| flihedin WECHERIRY oay W1 58"dshibed I

e sane re erence
Although as a rule the thyristor brrdges in 1ift

o iR gl i s &

:appllcation use are twelve-thyristor drlves, the drawings

of this text dlsplay, in the 1nterest of clarity, only one o .,j

}of the two six~thyristor bridges. The principle character N
10 of the present matter is not changed hereby in any way. In “p~,i_§

the clrcuit of prior art present in. Figure l, in the: Q-.'7l'
_ 1nterest of brevlty and clarity the same: reference numerals ;i.
f_have been used for the components as in the clrcult cf the
B present 1nyention, in Figure 2. The components.lnurcated by

15 the same reference




nun?eral may be referred to by the sane nane_althou g t he co%onentts are ntot @
- equi Val eftBeRRk §ay s Fe§%’l"1?€st?td’ry thei $275r BPRF 1748 “q*héhﬁr? BPR-pATE 1o 1€
oper at i oRghivalent é:he.odeseighvaiuqr hor trelirvasopdntdasly mesurirbedlbedfopeeraiﬁ.on

the desi f - t.he | nvel h | hyg or. It et
t he rectlg yﬁ'ngdﬁ?i%f'g fr)?ge ed %orgtﬁéa%ﬁoges‘gll}%eh%eh?ﬁo %é]t?g g%%n I)Ha?‘ee ,
conmonl yikmmbripnt*nqmstlmrf"ilsrl ageheohbniatioon Hfolkenstitutet Hee raskifyipg bridge -

prot ect . yhe,d Jfagalg,otﬁelméoegﬁ NSheCHERRT FYUIS g peakas cBRgSn 1N Rn6wH | ent
changes .over. from one ristor to-another. In keeping with thetgnature

t he - pr eséhyristestigse. ?Rﬂﬁé'ﬁé?mnt ghekes fiEBstHe teskn b PEPEe¢e fRe Erky’dﬁgﬂrs_ '_

anot her 4agkagaWhi € axekbss cﬁ@r@i@i eakoSitien. daswmﬂ&edcl ﬂtﬁi’geenove?he'r&erdm

resonance circuit 16, co the chok nd th apacitor, '
connect efhyhister; ta apphe ea ﬂ ‘Hg: gg d‘rﬂ’ﬁeﬁfe% S BF Y h%ventim’

t er m nal Gowdver ethiezeoehdiies Thes candpanamet héﬂefassilgnedvamtblee fiaskhi ghich w3ll be

the rragnet 1 Si Egi%ﬂ %ég’f P& 4P F: Y sblfed rQengnam ?ir&?ﬁ:n ; rﬁfc, ﬁcd]'%r(ifsing

the notoPT% ¢ At SRe PP KROWS e finer _
i nvent i otherichhke 19 bedttve capasidorol] donnected rim speiess yith ¢aghkathemphes

| | f | '
b ech oo Yogd"Salifited! adlilad endluclhtndfl 25 he b thh® 1 OhB0Coiloh! £ Hurther
of this. visibﬂ:egin ?iss he igr she mneé})m@mgdt% ofatke H10%08; J1Y tthe adsl ©fgehich
from they ttéiay of' 5l Gokdr ifk Ltasomsientaatn td e e L UHSH ﬁt-ﬁfézi onotive -

force of t motor 12 1s zero and the armature current 18 ow. Fig. 4 -
represents the case in which in order to. overcome the counter-electronntlve

force 197,0forhbe fHAEOthd Andeht (ifhi Y0l (a0 8eller undePStddaed 1t rAMA RSt necessary
thyrlstor bri-dge 14, whereby the armature current 21 is "al so -hi gher than in

“the. pr ec@%‘ﬁ‘?ﬁﬁ%aﬁ%%cisﬁﬂe% gepaealy matupe oL theeyviresgolin d‘@ﬁemi’éﬁﬁeoﬁ“d
the vol tétﬁe-ehevsﬂppnéd \bY tRé EHYraSEeF daiageVil h s 3oad urgnsRdthe

clarification of this. In Fig. 3, the graph 17 represents the wave shape of
- the voltage from the thyristor bridge 14 in the case that the _ o
' counter-electromotive force of the motor 12 is zero and the armature current
18 -is low. Fig. 4 represents the case in which in order to overcome ‘the -
"counter-electromotive force 19 of the motor-12 a higher voltage 20 is- required :
from the thyristor bridge 14, whereby the armature current 21 is alsc higher
than in the preceding instance. However, the armature current is not dependent

on the voltage level: it varies in accordance with the load imposed.

It is seen from Figs 3 and 4'that the objectionahle voltage'is'an asymmetric
triangular wave 17 and 20.'lf the thyristor system in question'operates fron a
50 Hz mains supply, the frequency compornents of the voltage wave 17 and 20
will be 300 Hz and multiples thereof'. However, the 300 Hz component is the

- largest, and consequently the objectionable noise has almost exclusively the .
-frequency of 300 Hz. The present invention is based on filtering out only the -
ob;ectionable 300 Hz frequency by means of the. circuit of Fig. 2. The. '
filtering is accomplished with the series resonance ‘eircuit 16 constituted by
the choke 1. and capacitor 11. Hereby)_ at the same time, a new task is '_

- imposed on ‘the choke coils 7, 8 and" 9 The chokes become series elements of
the objectionable voltage damping, and this element may be- called the series

|  damping choke 15. This is illustrated in greater detail though in principle,
by Fig. 5. The choke 22 is the equivalent circuit of the chokes 7, 8 and 9 and
it operates as series damping choke.:With a view to the damping of the
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I C trlangular wave 17 and 20 I-f t he . thyrlstor systen1Ln qdestlon 3
froma 50 Hz mains supply, ‘the frequency conponents 'of the:voltéage ?
and 20 wi |l be 300 Hz ‘and mul.tiples-thereof. However, the 300 “Hz'*

;- al nost -ex Iu freguency of 30 The present. invention'is base
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|¥héﬁﬁ$§°%2té¥ﬁaﬁéu§ conponent i s not- present. in the voltage

he notor term nals. T in any particul ar ‘i-nstance the 300 Hz

s 10re gt aﬂ}o%ﬁ&uiarpq&isﬂ&éomepw HEea dApRing 1

ng-a second seri'es resonance circuit 24.in
not enough, it is possible to 1mprove the damping by .

o connecting a second series resonance circuit 24 in

. parallel w1th the 300 Hz series resonance circuit 16

'._This case is illustrated by the circuit in Figure 6 When B

'the mains frequency is 50 Hz, the next multiple frequency

15

giving rise to objectionable. nOise will be 600 Hz. Then,.

by properly selecting the components for the series

'resonance circuit 24, this objectionable noise too can be

damped like the one before..The obaectionable noises .

iarising from.the next multiple frequences are. already

20

weak enough to have no oractical significance.-=

It is obvious to a person skilled in the art that

different embodiments of the 1nvention are not exclusi~

| vely confined to the examples presented above, and that_’--

2

"dinvention may ‘also be utilized in a.c. drives in.whichq:=-'

- the aidcof a-thyristorccircuit.p _.'

they may vary within the scope of the claims follcwing i'7'
below, Por instance, the sound deadening circuit of the

control of the drive motor has. been carried out with
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paFZIIeI with the 300 Hz'series resonance circuit 16 This case is :
iljustrated by the circuit in Figure-6. Wen the mains frequency i's 50 FE
“the next nmul tiple frequency 15 giving rise to objectionable noise will-

600 -Kz. Then, by properly: selectlng the conponents for the series resonancez'ﬁﬁ

circuit 24, thls objectlonable noi se too can be danped. li ke the. one - -
bgLore -The obj ectionabl e noi ses arising gromthe next nultlple frequences'
"are -already 20.weak enough to have no practical significance. is obV|ous_ 

to a person: skill ad ighdiEd abhlyhale didfed enh - enbedicaryy Stliﬁttlﬂectg}éﬁgtt' on

are not exclusi- .vely confined to the exanpl es presented above

they may varyeguliNaldre $60pReoketties| i sonankeowingulst s omasFeb
i nstance, the sound. deadening circuit. of the invention may al'so be. utlrlzed

in a.c driveseparatedy chntopbort tielde it i emchiophasksys digerl tleswise gqut
with the aid of a thyristor circuit. It .should only be noted in that

‘case that a ccircwﬁtunqu¢WQhenmotbh@hayseslessdam@mngnaimmmitGlEas to be;-'

.separately incorporated in each phase, and |ikew se a, CIrCUIt eqU|vaIent to‘
the series danping.circuit 15. - CLAINB : : :
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1. Aﬁﬁe]ectrlc nmotor, such as a lift d.c. ’nDtor prOV|deG mnth a control
Clt corrprl si ng a? [east one thyristar brLdge (14) "and ‘commut ati on -

s amen— e e———— . . om . e A e

~gOwmrféct ed” across the termtnats bf thé motor, ‘the-commutation chokes (7, 8

-out voltage f requenci es which would give rise to undesirable 10. not or .
noi se.

Wi th'the series resonance circuit (16) danping the f undanent al

- ds (7, 8 and 9) py ﬂ nl i'stors (1-6) thereof against 5 . ¥

exQEe¥s current peaks lmmm““nm mu lrserles resonance circuit (16) '

~and:9) serving as a series danping choke (15) t he arrangenent filtering-- oy
ot

2. An el ectric. notor- accordi-agg o-claimi, characterized in that-ihf§7:
_parallel

waves thel’m,IHSQOHHGCt ed one or nore. series resonance 15 .Ci I’CUI ts danpri ng

- mul tiple waves of the fundamental wave. 3. An electric notor. according.to

claim1 or 2, lhaﬂanm@ecxricnmbEMr;tsnchsasaacdrﬂ%t&wcsemoaonﬁsonance
citcuit (16) is n .tines the frequency of ‘the supply mains.network, with n -
to. Zprssvidedr witth 122. cohsrodstciofeuit epmpriisdaig cat Reagteame L

equal L .; -
g_reproduced by photocopylng ‘the applicants. original typescript. It nay

contalnzathmraaﬁnMnhnxﬂgml6&43ran@fddlmmtatmoneamokéme(ﬁgl@|and
typescript_containing these amendnents may ‘be_inspected on the pren1ses '

10

“of: the pmagupgptegging the thyristors 1-6) thereof against
5

excess current peaks, and at least one series resonance

~c1rcuit (16) connected across the terminals of the'

'r'motor, the commutation chokes (7, 8 and 9) serVing as a

15

~“series damning choke (15), the arrangement filtering out

'voltage frequencies which would give rise to undesirable .

-motor noise.-_'

2 An. electric motor according to claim 1,

3'¢haracterized in that.in parallel with the.series'

resonance circuit (16) damping the fundamental waves

. there are connected-dne or more series resonance

fcircuits damping multiple waves of the fundamental wave.

e An electric motor according to claim 1 or 2,

‘_1characterized in that the-resonance-of the series

‘resonance circuit (16) is n times the frequency'of

_the supply mains network, with n equal to 2, 3, 6 or
"12. '
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