; 9: e3e. 8g+nnop. Jpdp6pT8g 'GR 98 P 2160 - 1 5 10 15 20 25 30 Description 19
Decenber 2002 Circuit arrangenent for limting the switch-or. current of a
capacitive load The invention relates to a circuit arrangenent for limting
the switch-on current of a capacitive |oad which is opergbedeniter 2002
operating voldrags BPNprc@ capacitive |oad, for exanple from servo out put
stages for operating X-Y notors. is swrtéhed on, the capacitive |oad
charges up suddenly. In the case of energy storage capacitors (up to 18 000
uF) of the owqudrigwigas, current peaks of up to 200 A which fuse the
contacts or contactors which are connected into the circuit for safety
reasons may occur. These contactors are then no | onger operational. The

obj ect of th@ﬂnnuﬁﬂimnrasgemespeébtyl&mﬂwkngttk@r&n@@ﬂbﬁbmﬂnuﬂﬁeﬂting
t-he switch-on in%]é%? apacitive load which reduces the currents

fl ow ng durlng the swt |ng on process The object is achieved according
to the inYention by neans of the circuit arrangenent having the features of

patent claim1l. Two spid chgsembieh &\Mltattfésattdilifeﬁeehﬂcl r@ﬁ:a@{@ament
advantageouaH¥ used. . The f%rst SM%E switches. th% current via
t %n g

t her ni st or oG crRa BE OPhgUbpetrat P av&%ﬁﬁﬁ%%ﬂﬁfc%ﬁﬁﬁntlve
| oad. The swidithon curometatied tvilth | ami ¢reer ahthg ncokazses. over tine a resul t

of self-heating of thg, NGt l%%%att%e The, ecp&ﬁi SWLLENSW;

delay tine relative to the firSt switch an hus causes the EEC f%ernlstor
to be bybﬁsséﬁlgﬂﬂtnﬁk@%e¥hEOBpQPQF?ﬁgngoxrégéoéprﬁhel@aﬁﬂﬂﬁﬁhﬁ?IQﬁm

avail able.  the capacitive load charges up suddenly. In the case of
energy storage capacitors (up to 18 000 uF) of the
output stages, current peaks of up to 200 A which fuse
the contacts or contactors which are connected into the
15 circuit for safety reasons may occur. These contactors
are then no longer operational.

The object of the invention is to specify a
circuit arrangement for limiting the switch-on current
of a capacitive load which reduces the currents flowing

20 during the switching-on process.

The object 1is achieved according to the
invention by means of the circuit arrangement having
the features of patent claim 1.

Two switches which switch at different times

25 are advantageously used. The first switch switches the
current via a NTC thermistor which is connected between
the operating voltage and capacitive load. The switch-
on current 1is thus limited and increases over time a
result of self-heating of the NTC thermistor. The

30 second switch switches after a delay time relative to
the first switch and thus causes the NTC thermistor to
be bypassed and makes the operating voltage of the
capacitive locad available.
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19 Decenber 2002 GR 98 P 2160 - 2 A particularly sinple circuit
arrangenent is obtained according to patent claim2 by neans of the further
NTC therm stor which brings about the delay tine. 5 In order to avoid a
current surge during the swtching-on process after the §T§etti8bRF S0y are
war med up, clgl'%bngg gdﬁlgbageously provi des that the first and secon
switches are odied"as"a jointly switchyng relay whose supply voltage is
not switched 10 until the further NTC therm stor, and therefore also the

ot her NTC therm stors_have cool ed down. The invention is explained in nore

. P
detail in an exenpl ar{ chABBEIFBAET Wt °1BF S erfcd 0 & héTEaRGIEE Sitgur-é of
the drawi ng. dbtiheeli gy heirey showpateritr caltimr Ranggmeetnkorot i rrhiei ng

the sw tch=on_curyent a .capacitor, | ~ACLot ding he figure,
capacitive | oﬁar%% clgir‘l%ecttcnee?fnfld';téjnr o%%ggtrﬁn%%g??agéegﬁﬁw éZhée'gr g%tllagi er 3
and a circuittéoaposed of contactors 9, 10, 20. Here, 20 the inputs of the

first contEiact or 4 arergonnegt.edcto gﬁ%%ﬁgr alih NG ¥ol 58962 adbend hige- phase

power supply conprises three inputs each have the same circuit. One
circuit is de§tifBBAdNEEPSw, PERECSENeR RS citFéui NS CheFR§TBSRROEEd 3L a
correspondi ngwaeyedThep 25 didist GonkackAbadebssequippediaés h Swid ches 5
which are sw t.ched b n exciter_device_6 when a citer_voltage_is
applied to th *5)%% t%rrlgi nsﬁjcton?eaﬁﬁl\#gﬁfeﬁe X teg‘[rg)o?l}tel ut #8. aI'h@%ilr?ﬁ"u‘tys of
the first consadtehigareetannediosd t suPheYoMPiag®f ishendt r swidcobteatt or 4

via 30 the swW;hehaes Sne The QWU NOE thee fislocontagt orndrd fo£ONRAGLd to

sone of the mguts of a _second caontactor, 10 which is_equi pped wth swtches

1 I C
11 and a furt kB€ Skhech ME theemd Gt e dave kefh AWt her switch 15 are
swi tched by an excitemrhdevirgent? of ideeselontged5iconbact aeti@iwian saan

exciter voltage is.applied.to,the exciter ipput_ 13 and_to the exciter

output 14 of - ERETCIEIRY CORAHTRE @6 FPBiRetaed " i8  hbEnbei 0% 10.

The out puts off ige esedoridhec @irtaacitray. are connected to the inputs of the

rectifier;3, which reghjfi i ree- % a ies it
13 Hf, @g;r&rrée t?ﬁo&rg' ge-phage erirgg%e :ﬁft ;W

to the capacitive |oa ~exanpl e e servo output s
notors. A serilégidiinQuitthe Gidsdd B GETRTY ot LARAC PP ANPAFTC

thermstors 40 is connedediipay ald ethd ofrifersecondaganiacier 1c@a hetywen
the output of the first contactor 4 .and the Eecéigi er. 3. _The %I]’%er 5

therm stors 4§gnnecte to an operating voltad via 'a rec
and a circuit composed of contactors 4, 10, 20. Here,
20 the inputs of the first contactor 4 are connected to
the operating voltage 2. The three-phase power supply
comprises three 1inputs which each have the same
circuit. One circuit is described below, the other two
circuits being connected in a corresponding way. The
25 first contactor 4 is equipped with switches 5 which are
switched by an exciter device 6 when an exciter voltage
is applied to the exciter input 7 and to the exciter
output 8. The inputs of the first contactor 4 are
connected to the outputs of the first contactor 4 via
30 the switches 5. The output of the first contactor 4 is
connected to some of the inputs of a second contactor
10 which is equipped with switches 11 and a further
switch 15. The switches 11 and the further switch 15
are switched by an exciter device 12 of the second
35 contactor 10 when an exciter voltage 1s applied to the
exciter input 13 and to the exciter output 14 of the
second contactor



10 have a tenperature-dependent resistance characteristic, the resistance
decreasing as the tenperature increases (NTC. negative tenperature
coefficient). To this end, the outputs of the first contactor 4 are
connected to the inputs of the third contactor 20, and §§§ddupNiber 86025 the
third contactgr 20 argieonnected via switches 21 to the outputs of the
third contactor .20. The switches 21 are3swi tched by an excites device 22
in the third contactor 20 when an excites voltage is applied to the exXCter
{nput 23 and {9 tHRLEXAI{SE OULPUL RS o A CMIE, LRBEMSLOr Sode L e
arranged in a swtch-on current |imter fana are connected via termnals
39 to the outpet tof tHut rdf c6htadtdsit 0 snd3 t oWhhehowssiitis ists t Beesecond

contactor 10. 3hp19ederthoc60phast tHe1 €89k aciNds dpples20it 25:4worgentrol
vol tages 30, 31, which are eagf, f.or ex%l e, Qéf V_DC vol t&gﬁe Wi tp r espect
to ground 32, CaPBChELYE HREY efmi NBF PR S iTRE E6AYPoICHRBIH agRt38%i s
connected 3 0 vhieXxexcmbesrsnputs 7, 13, 23 of the first contactor 4, second
contactor 10 and thir .aGt qr.: 30 and -1 st I N 4 t he
switch-on current |i mg’t %%%%% .%leg%(%?t es ‘o%%%%t ISDE&% 2%0%8 tﬁ%ngla(r:g{)r
contactor 4 aRf ®Rdr &TEonk RIS TIr ar 40 cofnéeregcteda Pec@dnd it ki RAP 34 of

the switch-onsgubhantcdridddi®dr 380, Thetseeandiher Hutu3Scef te swrkteh-on
current limter 35 33 is connected \élﬁilfa first ,@\é\nt%&aﬁ?of a gel ay @11 to a
third term naF°8626£°Fhé &N Cort & it 1 mi tET PeFRT SERbRAn&lt ed to
the grounidd | i hevad2a tekpdetemerdZEORIER e P 2bice dhafhetextstér, out put
14 of the sec ; 0,d t a 1k t he
Sw t chon currgﬁtg ﬁ‘zl%g‘tas'gf'lraq‘g‘i%e.1 |élé ?%%??hgg e%%en_aq%éé%g‘%ér?ngfg{: 5%21? gtst he
third term nal(N36:ofnadwt kv t ERMBATELRERr e Iiiriant)33 ¥pa tHhisecend switch

43 of the rel ayedlbayhod aop bHet R NTGihesmt st on 34 Mbeind Sc£@npect ed
in series ther%yfe\nt_h. The exciter .output 14 of %hg%second contactor 10 is
6]

al so' connect ed o 12PHE ey QR g E7 ST coPY cbRBatEBR20°%t he
further ousputthk? theimg cortedicad A0 atdecdnurddiesd swid chwilbches a2futbher

i nput 16 of t S cont ac . apd I er, pei o

ground 32. Thg%tee‘rsoﬁ’lloc%gﬁtsoféfh%gése%gﬁgaqgtﬁ?&glﬁégl tzaog'e ’grge 1§‘Q?§E%§%nt§§t ed to
a fifth term male 38wotchhd st G olXEditednt ARVATEer2dhilgh ithecoghéeded vi a

a resistor 47 apganaddidighad MCekbBetabsten 43 haseds n a8y Npot Lpe
transi stor 46. The em tter qf the npné:%ype transistor 46 1 s connected to

ground 32 vi a %% U AARYF <2 AT &SRS (e BURWetTt of the

transi stop046 i s connetieed NTC t hehdrmisdtdres mi 4@l 3deof athengedt chnona
current limter .33.via a f 5. . copg t inal_ 3 f our

terninal 37 and 't ce? o Ié:(l:lt%‘%%n%f %%@gﬁagns?gt Ofr@% cgt}!rfa‘e %géﬁl%eéﬁ;nhg& ed to
the first terrdaraimngdd n3Badle ctse on&PHbGerthi Rheditddest 40onTaeteunctd on of
the circuit argangemite icudsudold OWie thadid dott ot Mol tage 30 is used

as a supply voltage of_the relay 31, the second control 30 voltage 31 is
used as a control vol tlébeoﬁ‘ﬁefhéor S PL }%}Peoﬁgn&lact%ﬁésvo%/'t aggs 3P 31is

absent, theée rdvay 4brtscailot weXiddagd ad,t hélgapadiitdtve dread ebdls ndior
connected to t at4 vl t I f.:the 41 sw S,xot h i rst
contactor 4 an%%rﬁ@ee{’hiérgg%o% agggF 13 §b£gl gogélé%rﬁl %gnggﬁgﬁé SBV%"[ (?'hlfé
Current can flwagd ntBheh&ersasadi rlui Eha dRastheqndatak i eplBagdei st &b by

the NTC ther msdiHedd Thb Sthemeked tawi tighn@s CUITEPf 23 of the first
contactor 4, second contactor 10 and third contactor 20

30 and to a first terminal 34 o¢f the switch-on current
limiter 33. The exciter outputs 8, 24 of the first
contactor 4 and third contactor 20 are connected to a
second terminal 34 of the switch-on current limiter 33.
The second terminal 35 of the switch-on current limiter

35 33 is connected via a first switch 42 of a relay 41 to
a third terminal 36 of the switch-on current limiter 33
which is connected to the ground line 32.



19 Decenber 2002 GR 98 P 2160 - 4a increases over tinme as a result of
self-heating of the NTC therm stors 40. As a result, GR 98 P 2160 19
Decenber 2002 - 5 the capacitive load 1 charges up very suddenly. The
charge current decreases as the charging increases. Singe PessmbbN@O0OYr I ent
al ready fl ows Gohéd® MAld0 ng on occurs, a certain voltage drops across the
NTC 5 thermistors 40. The |ower the inpedénce of the NTC thernistors 40,
the lower the voltage drop. If the second contactor 10 then bypasses the
NTC thermistors 40, them&uekentepeaktghaysim bhi twnsdasngi repddddds due

to the residual.charging of the ca itive load, 1., 10 At .the sane tine as
the exciter cﬁrq' eht g??ﬁﬁ?%gdo t ﬁgaﬁolurrsﬁ\ﬁ CoT At B 27aﬁg 5$‘et e 44T d
contactor 20, drhe awlrgnt1 ldinddee] 088s t fibiexcioertki rtermimdl t &7 seicond
contactor 20. T nt .t h t.hi Licuit s h S U faur.t _NTC
cctl}gnecreﬁ{eé& ko wgg%lﬁi FLEfUbLLhond s Jup the sl¢r414é£§godgg, he

t herm stor 44. I npedance _of urt NTC t her m st or
vol tage drép #4051 % helRiFeRedINYERt BerSREAF Ml Fanr dduedd thed ahey

exciter voltage: riges. ¢fathe swdwhimng N eshadeioftdhe Second gontact or
10 is exceedeo!i t he second contactqg 10 ggﬁasses the NTC 20 therm stors 40.
The el ectri cal “BHETGYTF s*% htle” Hai T &' Wit hout restriction of the

capacitive load 1. A sBhé-kascking ciutguitt Vfiaodthetfer shepnswidaitaddeeps
the second Cooﬁ@cﬁ%r &9562%&&@%&&229‘% Sftu%rﬂ:?rerAl A%w@t!“i@ tQ@rg{lf‘r?é ors

40, 44 now _cool down to 25 the sane ree so atter the switching off of
the first1BontBREM4, CRREBRECEONL Act oFNE0 ARG THRTT d WGRdct o7 20P§iNd s

possi ﬁl eto sv&é@ﬁe@ﬂe@gaga %hberfu&td@lzayswimvm,tb}‘gt E@:@@Jﬂ rtglglswe i's

t oo short, so fhat swi tchi ng-on _current rge ¢o c tqo | arge

when 30 swi tchiag 001:12 g@@ur%‘?cqrhcg 5@5’%&%—%%%@ a?ﬁeg&?peﬁggggﬁ 3%%}1'&9

vol t age di vi decomhetbed npo- gypendradsi stor 46 prevents the swtching of the

relay 41 by neans of t aqdi t i I erJn pLil regult of
Pﬁ? qd %%9%?0 A;gc%:hl% SOy 4%?:1? b1 m"i%ﬁgle 3

the cooling down of the furthe _ ermstor he”thréshald val ue
of the basic vbbt gganiestedccedied. Jitftis barpinelt Hig%s pbi fhet mulite-orl ay

41 switches, therfihst 160tRGE Ofh A-RNd st okt & €e&ORGACT O 2@ 5 §WChy ANd

the second Congg t%%:%héftggéffech thermistor 48 based on an npn-

type transistor 46. The emitter of the npn-type

transistor 46 is connected to ground 32 via the third

20 terminal 36, while the <collector of the transistor 46

is connected to the first terminal 34 of the switch-on
current limiter 33 via a fuse 45.

The second terminal 35, the fourth terminal 37

and the collector o¢of the transistor 46 are each

25 connected to the first terminal 34 in each case via

quenching diodes 48.

The function of the circuit arrangement is as

follows: the first control voltage 30 is used as a

supply voltage of the relay 31, the second control

30 wvoltage 31 is used as a control voltage of the relay

41. If one of the voltages 30, 31 1is absent, the relay

41 is not excited and the capacitive load 1 1is not

connected to the operating voltage 2. If the relay 41

switches, the first contactor 4 and the third contactor

35 20 also simultaneously switch. Current can flow into

the load circuit 1 wvia the rectifier 3, limited by the

NTC thermistor 40. This limited switch-on current



6 19 Decenber 2002 Patent clains 1. A circuit arrangenent for limting the
switch-on current of a capacitive load (for exanple 1) which is operated
with 5 an operating current (2), having a power contactor (10) to whose
operating input the operating voltage (2) is applied an e i~Ng
outputs are cggngﬁt?d g%Othe capacitive load (1), havinggggggaagggzpy or
(20) to whose™~0Opéra i i"‘nputs the 10 Qaggating vol tage (2) is applied,
having current limting resistors (40) i'ch are each connected between the
operating outputs of the |oad contactor (20) and the capacitive |oad (for
exanpl e 1), ' 1R&Y¥PAGSE VSRt SWie chS (82F eftileh ofl o3ebi tiheatbagl cbnthet or 15
(20) , and haxirog cacsacendrsWaloch aA43) raflzhalt ,cl oses the power contactor
(10) after a delay tinme after the closing of the |load switch (20),
characterized in that the~current limting resistors (40) are NTC

therm stors, 20 and that the delay tinme is generated by the heating of a
further NTC therm stor (44) which is arranged in the supply circuit of the
second contactor (10) and passing the switching | evel of the power
swtch(10). 25 2. The circuit arrangenent as clainmed in claiml1,
characterized in that the first switch (42) and the~second switch (43) are
enbodied as a jointly switching relay (41), the relay (41) drawing its
supply voltage from an anbi enttenperature-conpensated vol tage di vider of a
transistor (46) 30 with the result that the relay (43) does not swtch
until the further NTC therm stor (44) has cooled down. 3. Grcuit
arrangenent as clained in claiml or 2, wherein the |oad swtch (20)
conprises a preconnected 3S contactor (4) whose operating inputs are
connected to the operating voltage, and 6a ~ 9 Decenber 2002 wherein the
| oad switch (20) and the contactor (10) are at |least partially connected to
the operating outputs of the contactor (4).
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Yz 10%& ( -@g%%%%??%?g%?gé%§%§9y§[élpé%r 1the impedance of the NTC

thermistors 40, the ?b&%r ghe voltage drop. If the

second contactor 10 then bypasses the NTC thermistors

40, the current peak stays within non-damaging limits

due to the residual charging of the capacitive load 1.

10 At the same time as the exciter current
circuits of the first contactor 4 and of the third
contactor 20, the relay 41 also closes the exciter
circuit of the second contactor 20. The current through

‘ this circuit heats up the further NTC thermistor 44.

15 The impedance of the further NTC thermistor 44 drops,
the ﬁoltage drop across the further NTC thermistor 44
is reduced and the exciter voltage rises. If the
switching threshold of the second contactor 10 is
exceeded, the second contactor 10 bypasses the NTC

20 thermistors 40. The electrical energy is thus available
without restriction of the capacitive load 1.

A self-locking circuit wvia the further switch
15 keeps the second contactor 10 in the switched-on
state. All the NTC thermistors 40, 44 now cool down to

25 the same degree so after the switching off of the first
contactor 4, second contactor 10 and third contactor 20
it is possible to switch on again after a delay.
However, if the cooling time is too short, so that the
switching-on current surge could become too large when

30 switching on occurs, the ambient-temperature-
compensated basic voltage divider at the npn-type
transistor 46 prevents the switching of the relay 41 by
means of the additional NTC thermistor 48 until, as a
result of the <cooling down of the further NTC

35 thermistor 44, the threshold value of the basic voltage
is exceeded. It is only at this point that the relay 41
switches, the first contactor 4 and the third contactor

20 switch and the second contactor 10 is delayed.
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5 an operating current (2),

wglch is operated with

having a power contactor (10) to whose operating input the

operating voltage (2) is applied and whose operating outputs

are connected to the capacitive lcad (1),

having a load contactor (20) to whose operating inputs the
10 operating voltage (2) is applied,

having current limiting resistors (40) which are each

connected between the operating outputs of the load contactor

(20) and the capacitive load (for example 1),

having a first switch (42) which closes the load contactor
15 (20),

and having a second switch (43} which closes the power

contactor (10) after a delay time after the closing of the

load switch (20), characterized in

that the current limiting resistors (40) are NTC thermistors,
20 and that the delay time is generated by the heating of a

further NTC thermistor (44) which is arranged in the supply

circuit of the second contactor (10) and passing the

switching level of the power switch(10).

25 2. The circuit arrangement as claimed in claim 1,
characterized in that the first switch (42) and the second
switch (43) are embodied as a jointly switching relay (41),
the relay (41l) drawing its supply voltage from an ambient-
temperature~compensated voltage divider of a transistor (46)

30 with the result that the relay (43) does not switch until the
further NTC thermistor (44) has cooled down.

3. Circuit arrangement as claimed in claim 1 or 2,
wherein the load switch (20) comprises a preconnected

35 contactor (4) whose operating inputs are connected to the
operating voltage, and
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