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Abstract 2 The power converter 
We present a bending magnrt, power supply to be used for 

the LNLS VUV storage ring. The power corrverter uses a liC\I’ 
topology, combining an SCR rectifier with a series 111odu1ar t.rali- 

sistor snitching regulator. The performance of the converter 
under diffc,rellt tests is discussed. 

1 Introduct ion 

The converter is a srrics association of 2 power supplic!s: ix F 
pulse SCR rectifirr with a I,(! filter which delivers up t,o 90% of 
load power with voltage rippIt> up to 576, and a transist.or c:hop- 
per which trims the current, to the requirrd ripple aud stability. 

Fig.1 shows a diagram of thr converter. Thr largest part of 
the power is supplied by a standard SCR bridge while the tran- 
sistor regulator handles a small fraction of load power. swit,ching 
full current, at low voltage. 

The LNLS is tlctsigning a i .15 Gel I st,oragc ring for \‘lIV alIti 

soft X rays synchrotron radiation (1). Injection into the ring 
is done at low energy from a 100 MrV LINAC (2). Afkr low 
rnrrgy a(x.ulnulation t,he field in t,he brnding magnets is ramped 
up to a nraximlml of 1.1 7‘ (3). at, which valuca the btaln is 

stored. 

Furthernlore, the design includes several fcalurrti int,entleti 
to minimize usual RF1 problems duo t,o large di/dt and dv,‘dt* 
norrnaly produced in switching regulators, and allows for motiu- 

Iar construction wlridl (‘ail bc r’xpandf4 accorflili,I?, t,o mauirll:lrrl 
crirrtant nrrds. 

The power s~~pply for the hrndilig magnets must deliv~ a 
rrlaxilnulr\ of 270 A with a bt%tt,Cr thall IO: 1 dynamic, rang<‘. 
Tracking ac-cllracy, mean current stabi1it.y and rippI<, rriust be 
better than 10M4. Ramping time from low field up to ma.ximum 
field is 20 s. 

In this paper we discuss a po~cr supply that. has b~ri dr~?l- 
opcd at thcx 1,NLS and is currrntly undergoing rxtrnsivc~ t&s. 

The power supply design use’s a new topology. whicll corr~ltir~? 

a SCR convertrr with a trnllsist.orized fast switching series rrg- 
u1ator. 

It uses modules built, with h~IOSl+‘E’I’ tra.rlsist,or. fast diodc3 
aid small irtductanct’. ‘I’h(s r!rodulrs arc‘ I)arallrl c-ontTctc4. Tlx> 
Irallsistors arr sc~qu~~rit~inlly sw~il.c:lwtl oil or off from it low vr~ll~;i.gc~ 
sourct-. ‘fhii Iwrmit,s to sc:.itcil t,lla, c~ii.i.t~t in stqs. ‘I’ticb srrlall 
inductanc~c is used to guarantc-r a balancrd current dist,ri hut.ion 
bcttween tile nx,dules. As a resldt the value of di/dt is redllcrd 
by t,hr r~umt,c~r of mod111rs used. Rlrt.hc-rnlorl= t,hrre is a corre. 
spending rrdlic,t,ion of dv/dt. If 01ily on< j transisior is turn4 on, 
the switc-hiug regulator will q)pIy inI, ~~hc~ load i: fraction of it,s 

IIlij,XilllLlIll voltage. Wllen all t ht, transistors iiT‘<’ ill c0IldllCliOIl 

the total regulator voltage is available. 
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FIG, i. SCHEMPITIC DIAGRAM OF THE POWER SUPPLY 
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The currm~t and voltage wave forn~ illustrating this effect 
arc’ slmwn in Fig.2, where is possiblt~ to ve=rify the transistors 
firing. Adjusting thci drlay time bcci,wc~~l the firing it. is possihtcb 
10 ron!rol thr dv!&. 

Still to get, a lower HFI aud c:ddy current effect it “coaxial“ 
box mounting of thus switching components is used. The ca- 
pilcitive filter, chopping t,rmsist,or and frcx: whrcling diode are 
mountrd inside it rnetalic t~rnnnll with cum:rit. flowing out of it 
121rciugi1 a husxir alld rrturniug via tlit* t,urinrl walls. 

3 The control system 

The power supply regulation has a conlrot IGrarchy wit,h ~hr 
switching regutai,or oprating a!: rrlastm ai1t-l tlic SC’R tiridgP 
subordinated to it. The switching regulator cunlro~ is based 

on the current tArlit Regulation (C’Lf~) principle. Load CUT- 
rent, Ineasurcd by a DCCT. is compared with upper and tower 
reference timils. ‘I’his currmt window defines t h(h ripptr. The, 
semiconductor switches are turned on and off so az ta rnantain 
the load rurrent within the stahlished rippica limits. 

Given the load resistance, IX, and inductance, I,, the switch- 
ing frequency depends on the SCH. ract ifier voltage, Vo, and the 
trallsistoriznd swit,chiug s&~s rrgulatcrr voltagc~, LT. accorrdi~~g to 

the expression: r---r7r 

Ill0 - 1’0 f‘ - r~.T ._. 
[ 
1 RIO 1’0 ____ 

I 1’ 1 

where lo is the load mean current arId I the, nllowrd currcmt 
variation, det~rrriinrd by the colArot circuit,. This expression 
consider the vottagr apttied inlo the load as a square wavr. 

The S(IW bridgr conductiorl angle is dt~tcr~nincd such thal 
the t.ransistors duty cyctr, on I,hr switching rrglrlator, is 50%). 
SI ow mains variat,ions are correc m t 1 by chimges 01, itie LXX firing 
angle, whila fast mains disturhaucm and SC’R bridp ripple arc 
compensated adjusting the transistors duty cycle. 

A block diagram of the cont.rol syst,mn cm bo SWIM in Fig. 3. I:igllrt* ‘1: (,a) Switching rt~gulator autI>:“t. vJtagc\ (5V/div) ant1 
(I)) load iwrrcmi ri])ple (NmA/tiiv). f’c~l, 100 il toad currc’ul. 
Ij;ow.: mijrli\ 
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FIG. 3: BLOCK DIAGRAM OF THE CWROL SWEl 
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4 Performance 

Several tests had been made with a 15kW, 270 A power sup- 
ply prototypr to be used for magnetic measttrements of rach 
individual bending magnet. The load used in the tests had a 
rrlatively small time constant of 0.18 s. 

Aftt:r some hundred hours tests witch large numbrr of opet 
ating CpclPs itl~d arnhif3t tpnlprratl1r(,‘rallgi1lg from 18 to %“C, 
thr power supply has performed rcliahly and wilhout, failures 

The powc*r efficiency of the tot,al power sul)ply at, maxitnltm 
CIIITCIII is %‘% ancl tttt, dynamic raqt’ is Ijc*!t,car than 100, frorti 
2 A to 270 A. 

111 fig. 2 czar, LV st>c?n thn currc~iit, rippI<%. 
It, is cons! ant ahout 20 mA, The currpnt amplitude variation 

is indeprndent of the mt’an currrnt as a rcssult of the (“urrcnt 
Limit Regulation. Ripple frequency is ahout 20 kHz. ‘l’his l’rc- 
qumcy is limited by tltca DCY’T and control circuit. dynamit 
response. 

This results in a still smallor ripplr on the magnetic iield 
l~t<~usc~ of rttitgttet and VBCUIII~ chamtwr at,c~rruat ion at high frr- 
pXl&S. Fig. 4 shows the magnrlic firld ripple in thr pap, 
wit hot11, twuuttt clian~l~~, for tw> (lifft~riit fitbId valur~s. ‘l‘hi~ 
ripple is indrpendent of H and about 0.1 gauss, or 8. 10-s a.t 
injection energy (1.2 kgauss) and 7. IO-” at. full cncrgy (1.1 
kgauss). ‘l’tti, va.ccum chamhrr will r~dure still IIII~P thv tieI 
rippi”. 

Figurcb 4: 1+&i ripplr at 1.2kG (a) and ll..lkG (1~) llorz.: 
2Ous/div Vert,.: O.lG/div 

Tlte DC l.urrcbiit iti t,ttct load has hcc>n measured for pcxriods 
of scv~‘!.al hcUrs rqriivalciit l,il the. stora~c GeiUll life limrs to 
detcrminc: t,hc: ,;Wer supply st,at)ility a1 full current,. llsittg as 

rf~frrrnc(~ a 16 bits DA{“ (3~ 7 pl~ttt) the avrragt’ carrt,rit, relnains 
st,able within 7fr 8 ppm (240 A). 

Tests of the, power supply tracking precisiott during ratttpitlg 
had been performed for 20 s rattlpirtg i itrtts from low cllrrcsrll. (‘or- 
rc3poriditip; t,;, injrct.ioli csncrgy rnagnc+ic- ficxltl, up t,o nlaxilnlllrl 
currf’nt.. 

Fig. 5 shows the. nt~xsurc valuc:s at irit~~rtric~tiiatc~ piths ;IIOIL~ 
lh(a ramp, indica.ting a tracking precision similar to t,he rrfrrrnctx 
pr8Gsion. 
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Figure 5: ‘I’racking precisiotl drtritlg r;tnlping 

5 Conclusion 

We ttavc tiiscus~d a new design of a power supplg to f~cd thus 
I,NT,S VIJV ring brndittg magrte!.s. 

Several test,rs had becw rt:atk t.0 study its 1)crforrnanc.e and 
reliability. The system ha.s a good rffirirncy, is prcrisr both 
ciuriq the t,racking an’1 DC optara1 ion. ‘I’hr I< Ia’1 is rt~~~lr-c~l 
using differcants strategic3. 

WV’ likt, to arknowicdp,c ?I.\‘. Augusta hy tlic support, tiurill!: 
the l,cstij. 
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