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Tt~~eJPower Srrf)f;ly of the Ring Magnet System uf SIS 

The pnwer sr~pply of the ring nragnet systen cl tlrg? 
heavy ion sync’rrotron SIS at GSI consists of the following six 

iiittrrrto exrstir? “riassNr,al” designi; ef .triIgrb~t piiwi’r 
coriVerters with passive frltcr- and snfial attlvrl f,t!er (srer’ iFig 1 j 

units: ::annot avoid the tr-aching error- mr~ntinned befort?. 

- one power supply composed of forur subvrrits fending tier 
c-hairr of the 24 (lip01 co rnagnPts with a maxinrrrm outpill r-u-- 
rent of 3.5 kA. a maximum output power of 26 fvlW and a 
rrraxirnurrr r:rrrrr~rit Iris<> of i 10 kA!s, 

- forr~- sepd~ate power sr.pplies ear:lr of then fertl ng a r:lrairi 
cf 6 rf~ratl~rttrr~lc magnr~ts with a rraxirnrrtrr outr:ut c rirrrsilt 0’ 
1.76 kfi a maximum orrtprrt power of 16 PulW and a rnaxi- 
nrrn1 crlrrcnt ri9e nf ! 10 hA’s 

- one power !irrp~>ly fettling tile r hain of the 12 (frladl rrpolr 
magnets fnr triplet1 for.rrssing wit/r d rrraxiinrnri errtprrt r rrt rr’ll+ 
of 820 A, a mai(irnurn output power- of 510 kW anil a rrraxi- 
rnlrrrr r.~Jrronl rise of t 6 IkA/s 
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Thesr> power supplir-‘s and also tbr* 11 nr;lir l)ower 
srtpf)li.es for the exI)r:rinrr:rrtaI storage ring iFSR) tlavrl heerr 
tleveltspprd, instdl’erl and surf-essfrrlly put ml0 ot)r>ratiorr by llrr~ 
manulactrrrrr AEG 

Frg 1 Power ccnvert+r with “cl;rss~cd ” pass~vc~ 
and actrve irlter 

The nrost riiftir:u’t ti~?sirlrr prnhlnr-1s arosn ir-or11 iire fol 
Inwinct sper rfi-atiorrs for 117~ (mvwr srlpt)/ins nf SIS. 

- risrd t rile of r.urr8-nt lrorrl rirrrrir-rrrrri lo it:: rati’ri v;)lrrr’ 1 I7 Ins. 

- r,si tlr1.i’ of l:l‘lrl \~rl/‘.rtrl~ frorr~ 715’:~ ts, Its rrlrrxinilrnl \*rrlura 
10 20 ms, 

- rnarimlm lc~ad voltage of ql.:? 4V and a rntr?d r.ilirf=nt of 
23 hA for the tl~peln pow“i’ s rpf>ly with tt,r! fr)rrt ~rrhrririts 
coni‘w tr‘r! irl ser,es. 

Tlris tr;rf hrrl!l ~‘rrc)r I:. (arrs~~d 11y 11,~~ rr~-~‘!~‘.rt~rrrf 1 rbrr 
Itoiler (Pt-controllnr) whiclr i’: ;rbsr,lrrtely r,j’, n<qary Ibr tlri5 
power supply con!-r;?t anti on prinrlpls genrr-;rtes n tinrr>-l,1:1 IL 
brtwnnrr tlyrr.3iriir ally v,r’yirrg set viilrlr’” anit .3, ir1;rl vcllI1r”: r*I 
currents (see Fig. 3n). TIln tracking error is ev(\n not constarrt 
in time hut varies dr~f~enrlrtrg ori exlerral distrirt,arr~:rs ir5 ttri‘r r’ 
are changes in loatl pararnreters rr>srJltirq frorrr Ic~rnperntr~re 
flrrctrintioris. inrlt.c:t~ince sairrratierr et: 

S.electior of the P:.wer Cotrverter- Conc:cl>t 

- maxirnunr loatl voltage of 5.5 h\/ anti a I aled r:lrrt ml* of 3.5 kA 
for tl;e dipfllr> powrr supply wittl two grorlps corner ted ir 

smoolhlng pnroliel 
I”d>ilOrcP ,l,‘W?l ‘UP,> y (1, 1 I 

series earl3 ronsistrrq of iwri srr31trrts i er,r,“r tr,tl in p’nl llllr’l. r--------i 1 .-.\-- *, 
I 

- ac.crlracy i~rr,.! rit)ple of the (rrrrerrt with rcist)e:.t t3 ttrr instarr-- 
t~m?:j~JS CiJlW?rlt Vafll~? !li?t!N th?rl -f 2.5 l tom* at (‘Vl’rj iI)- 

stant of time rilirinq the cycle wllilf’ the cllrrwlt variec; from 
22 ?)b to 100 ?‘> of-its rated valrre 

- no time-lag hctween tire set value of the current and the ac:. 
trial value of ItIt- c.llrrcrrt toiorancc hand, i r. no tracking cr rrlr. 

Thr? Idst condition is of great importance for sirriplrfy- 
ing the operatier of the synchrotron as it allows to supply the 
RF-accelor-ation syst<:rrr wilh set values tahulatnd in the con- 
p.lter memory thus avoitlrrlg the necessity of an additronal r.or~- 
trol of the Rf-sy:;tr!nr by tl,r! B-trail, rurttrorrrlr>rC*, co~rb~Or~r irrg 
the focussing systerrr oi SIS which consists of five scq)q3ratrl 
magnet systenrs each of t/rem individually coirtr-oltatile rt is J 
great advantage to se! p,-ecalr:rriated crlrrerit valuer; wii halt 
havrng to take into accorunt incli.vidr.ral tune-lags of the five power 
silppliPs this rrraking arl itidivi~lt.;it Q-trait- control 1rnness;iry 

I - 1 
Fig 2 Pc~wcr cnnvertw W~Wl the ,r,ew conce~:‘t 

of active fitter (porollel -power- supoly! 

The new mayr~i!t power converters witi1 “F,~I-al elr-,ill- 
spf~islitrg~ (PE) as profio:,r~d ill Fig ? do lrot tl,:rvi’ ‘iriy II :r, hirlcJ 
error. The time-lag tL t)etween the set value and the aciual virlrrr: 
of tire (xJrrellt is equal to ,Ter-o ill nvrr-y instnrrl Of titrrr% rii L.rro’h~r 
in Fig. 311 The aclual cu ~rr?iil \iduf~ ix always \Nitllin thm pi’rrli’i 

ted tolerance hantl of the width ,\xi si rrounding the set V;IIII~, of 
c:Irr<:(lt. 

As a result oi thzs it is new possiblr~ to gerreratra 
super-cycles for the syrirtirottori operatiorr thus verrfylrig ttrrl 
concept of se~r:r-al vrrtrlal irccf?lcra~ors serving differ-er:t exprr 
iments in time-sharing. For every v~rlrral accelerator the kind of 
heam, its errnrgy, it? r:xtlartion tiwc? etc. cur, t\c! c:hn:;r~r snpn- 

rately. 
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Fig 3 Se1 value w, and actual current x, for 
a) power converter wvith cIass!coI Ibiters 

0) power converter with PE 

-t 

This ideat perfOriT~allLx- I.5 ohtaIll(!d by the good dy- 

i;afnical ch;rractoristics of the i’.li ;Illelcinspr~isuirg (PE) on the 
r,nt’ han[i and by tllr iuse of entirely proportional controllers (P- 
c rlntrolirr) 13r the load c:urrpnt an the other hand They ci:r only 
lx> l~si!d as thi, PE r~nat)les sirri[ll<x [>I-<?scttirig (!I all tofllrol elf.- 
tr~t~tlts just ::y itrlow’ntlg~~ of tlw load vollage vuliid1 r‘ar) l)f! cai 

c tili,ter: i!asily ln a~lvii~i(~~c For Ihi’; /)(TVIPT col~vc?:ti~~ c:clnc-r’pt th= 
tiring t)P/‘a\iiw~~ ol tllr> tnisitl powc~~- iinlt (SCR) d?r+ nut i?ntc!,- ~ritn 

thn calci~lalior of tlir prcsrt VRI~I~S. Thn original cornt~ilrnd sys- 

IC~~II 01 load JII~ inaill p3wi?r Illlit 3s rt~ptesr~nteti by the classim 

ilc,sigr c r)n~,~~pt IS a third 01 drr s+i~in with thiiirl iild5~p~~ndetlt 

rnrirgy stornqt? ~lciirlc:iitS mi~r~ds tlrc IIPW c onrx’pt reslllts ill r? 

ftt<l ortli-r SYS~G~IU with till> lo& indrli:ta~ri~~~ 8s thr only in<lrx- 
13’ i!l~~rlt ~=II,-I gy stow a(;~ ric>rrir-lrlt 

Electrical Circuit Diagram ofj!le PE 

As indicat~~d in I^ig. 2 tllr PE mailily tonsis!:, of a d.c. 
vo,tagr) sol.,( pi and a lini’iit trarlsislor barn’< connected in 4prips 
lo il Tlln rn7(qiIitiiilc! of tils:, vc!ltagc~ of ih<? d c.. voltngq> soilI(..C is 
dr~t.~rlnilrcrl by thra maxiinlilli load voltage. In the cas1’ of thfy 
dil~,l<’ rna~)~~~-~l l~onor n~~pply of SIS it is 9 kV for- one cf the fr)(lr 
srltlurlits Thea nlngnitl:rl~ !:f thra PE-clirr;Jrit dcp~nds on two pa- 
r,:rric~ti~rs: 

- t’lf, slv-i*d of c:ll,lngig lhr sc,I valilc of thi= c~llrfcnt. 
- 111~ si7k’ ?f ttli, stnmtl.ili~] tnitli-tal,c 6~ ol tllc rnrfin pWW?I ill7ii. 

FIG 4 Clrcult arrangement of the 
parallel -power- supply (PE! 

The PE-voltage source and the PE-current determine 
the maximutn power dissipation in the transistor bank To re- 
duce this power dissipation the PE of the’SlS/ESR power sup- 
jllies is not conceived as one single stage but as a series 
connection of several stages with fixed voltage (switching 
stages) and one stage with continuously coniroltablo voltagr 
(continuo\is stage). The number of stages bring f~sod is cl+ 

pendenl on the reqiiired load voltage. 

In the casi! of tl’e SIS clipole magnet power sup[.‘ly the 
PE of one subunit consists of eight switching stages anti one 
continuous stage each having a voltdge of -: 300 V w!ti/p car- 
rying a current of 100 A. 

In Fig. 4 the basic. circuit diagram of thr PE is shown. 
Each of fhp stages iS fed by a VQltagC! ~ontrolkd d@tlhk con- 

vertor anc! tile switching slagps am conncctcid to thp load c Irclit 
as positive or nrgative or 7cIo voltage sour(cs s/is tr.-lnsisto( 
sWil(:hPs 
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Fig 5 Voituge shapes of ihc parallel pnwer sqply (PE) 

Fig. 5 shows tlir v~~ll~g<’ s11apes in thr‘ PE and at tllv 
loi)rl. Tile ~1,171 of the voltagt~s (!I 111 j> switching stages gives a 
stairr,ase-like wave shapp wl~il~~ thp rciltincrous stagy always 

has to give thr differpnru voltage hetwrcn the requlrcd total 
a voltage lJPE (IOX voltny~) and tllc voltagia sury7 c~f the switching 

stages thus forming a sawtootblikr wave shapt?. A fast internal 
voltage control guarantees that the voltage UpE is free of 
glitches even during the instance of changing ovei from a 
switching stage to the continuous stage and vice versa. 

Control Concept 

Fig. 6 shows the control system of the powel- con- 
verter with PE. The system consists mainly of the following 
three subsystems: 

- Master Control Clrc\Jlt 

It controls the load current with the PE, wherchy the PE has 
to compensate all performance insufficiencies of thy main 
power unit The PE-controller is a mere proportional COW 
troller. 

- Slave Control Circuit 

This circuit contl-ols the main power urlit (SCR) in such a 
way that the PE-current is kept nearly constant to a pt-eset 
value. By that the SCR carries approximately 99 %, of the 
load current while the PE carries at most 3 % of the load 
current in the most unfavorable dynamical case (SIS dipole 
magnet power supply). 
The SCR-controller is a PI-controller with orlly sntall integral 
portion. The integrating element is necessary to compen- 
sate errors which are beyond the preset control mentloned 
below as there are flilctuations of the main voltage. 
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Preset Control 

The f1rcsc.t cor~trol of t/Jr. E-c irulil is teal ic.11 cxclllsivcly 
by an additional set VRIIIF) for tl~ load voltage whicll acts 
directly on the stage control of ihn Pf. Only by this tile re. 
q\Jirements with respecl to thp accuracy of tlic? load c7trrc:nt 
can be falfilled even with a gaiil cf the proportinl,al rontrol- 
lc’r which is Iinlited by ~PASIIIIS al siahility. Tt-ic, set vnli~n of 
the load voltage has to hp ralcrllatpd and yivr;r into tl~p 
syslnrr with <3n acr.urat-y (11 * “b Tllis is e.~sy to acroln~)lish 

for all ct~nc6~ivabl~ sync.hrotron cyrl-s aftc?r a s~~fficien’ly 
exact model of thra rnag~~~t systen~ :las hewn fr~rril~IIatc~~ I 
Evr;n the: SCR has a prc?sYt control wtl. thp aim to kcilp I:IP 
PE-current wlllli,, the given tolerance’ banil while the gain of 
tile SCR-roniroller is s~nall hocaicsc of thp strilcti’rp of l+r! 
power convex-t?r systr~rn. 

L. .~~~~ ~~. .~ -~- --- 
Fig 6 Control system of the power s~~pply with PE 

Corlcludinq remat ks 

Thp roric.capt of tllc Pi~r;illr?lr~i.ls:~Pi~~~~~~~ allows 1,~ rlr,- 
sign rriagnpt power supf~lies :I~P acttial values nf wllich foll(-i\N 
gIvf?n set vall~es of almost airy wavy stli(pP without liri1l,-lag 
Througtl that a flcxil)lc arid sirnpli? op~rat1011 of snparatc>r: fi111r- 
tion accelerator? is rPndRrC?d possible. However, these ~lv;~r 
lagrs have to IIC pad for by tlir rl,ihorat~ ~orlst~-l~Iic~n anil 
cornplf~x opr?~~ating harrlwari! 01 tlr12 PC 


