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MAGNET CIlKXJ17’5 FOIL DE1,1’A 

IV. Ilrd Iw 

1lEl:l’A ~7rorcp, I.lnlvrralty of fJort,~v,d, Fllc: 

Atstmct 
7’11~ DE1,TA hoo~lrr flynrhrotton mn~nrtn will hr nprrnt,crl In n rnmp 
IIINIP. Fnnt rxrilntinn will hr clnnr only np to 300 AIcV In t,hr firrrt 
slner nnrl np tn thr nnrninrt rntrd ~nrrgy nf 1.5 GcV in n lntrr phfwr. 
Fnr this the type of the tllpolr pnwrf rdilpply in mninly rlrtrtminrd by 
lhr irlilurnrr ol thr mninrr, nnd &lTrrrnt, dr~~ions nrr tliricclssrcl. 

‘1’11~ ronfrnl loop rlrslgn of thr mnqnrt rirrilits ol thr lrnostrr nnd 
tlrr dorn~c tln~ nnti thp rcdtn of their airm~lnl.inn arc prmrntrd. 

jutroduction 
hlh Ihr Sytlrllrotrnn nnd thp Rtorn~r rlnR <If t.11r 1.5 Grl’ r)lsIJTh 
prnid *<ill Iv2 rcluilq’rtl by the Rnme I.yprfl nf flildr nntl q~tn&ttpdP 
trrncnr~s. The dipr7lr tnrywt drcdtfl will 1,~ rxrifrd hy phnnr.cnntrol- 
brl lhyrisfnr rnrlvrrtrrR whvrrnq I.hnsr for thr q~~dn~polrs will Iv Rnp- 
Idirrl 11.v 14 tl!t - Pll’M Trnnnidnr convrrbv. All Imwrr flvpplirn 
n.Tr rlr~lc~~l by pnv:ivr low-pnna filters Enrfgi7Inp, nf thr nyur%rnt,ron 
rnnp;nrt~ v/wuitn will hr tnnrlr In n rntnp morlr !.hlIfl nlrtnininf, Rmp0 
trv thr rxritdinn cnrv~ nhnpe. IIrtrinK I.hn first rlrvrlnprrnvt, sfn~r nl 
thr pvjrct, whco fnqt, rxcltnfion for thrm in &ly nrrr~nry hrtwcrn 
1111) Afrl’ nnd 3M A!rV power nllf)plirR nrr l~roviflrd (hrir oll~prlt. 
vdtnE:- h~.q n MI! lrvrl on n l.!i Grt’ IHL~P thus dlowinR 11111 rvrit,ntinn 
frrun 300 Efpl’ to 1.5 GrV only in A 310~ innnnrr. A4 dynnrnir rrrnr 
ill r’nsp of n ‘XX drp nf the linr volln~r thr rnnFnr1. utnrnta shntlltln’t. 
~YC rr,l R 10 -’ ~ulrrnnre. Fi,qlre 1 shows thr rqt~ivdrnt cirruit, rlin~rrun 
rrf lbrlcll typr‘! nf pnwvr lqlply. 

Flu. 1. Flrnl dqlr rorrr v~rply . Odr rlzndl dln~~~n 

Structure of the automatic cgntrql.6ye&u -.-- 

hnlorrintir rnn~rol will 1717 tlonc by R mnRnrl. rnrrrnt loup nntl R 
(filter) vdlnp,p nc~lJonp The Idork rlin~f~n~ conl.aining dl the rlfmcntu 
of rllr Rtndctre IR glvrn la Fig. 2. 

Fl#. 3. hMll.tooy control sydrm - Ulnrk rlinxtnm 

Thr trnndrr fltnctlon of tho nirqlr ntructrur clrmentn n.rc IiRted 
llrlom (p z jwr-1). 

Fsl: hpproxlmntion for the drlny tlmo ‘I’, of thr 1)C Rource 

PSI = 
I 

1t1;+1;2j-i 

PST: low-JUIRR third ortlrr pnndvc filtrr (vrtirn rrnrlnr without Iosv~) 

I 4. 2tl p/w* 

Fs1 - I t Zd~p/wo t (I t mjjF@t 21d spl/iij 

,n+f+&d;+ (wc Fig.1) 
2 ‘I 

&,,: mqnct rlrcoit 

1 
F,sg = - , 

1 -I-PT, 
T, e 4 (m? Flg.1) 

m 

L’, 
v,=-----; 

LIP : ttdtagc of the DC eollrrc 

tm”Rm fm : ncdnaf rated magnel currrnf 

F’n,: mnqct cuncnt rrgu!ntnr 

FRI = 
!‘I .(I tPT#n) 

PTWV 
PI - charaderlriic 

Fnt = 
6 ‘(1 +PTf#+Pw 

PST1 
PIa - chederlatic 

E‘nr: voltn~c rqdntor 

E’R7 = 
t;, (1 -t PTl) 

PTl 
Pf - charederlsfic 

r;.: mmpcnnntinp, rhnrnt fnph~e nhifter”) 

F _ 1 t- Plj I-tdr, 
c - iq& ’ (1 ip%)(l -kPTdT 

Thr ~/n~~~l~LIr~rw wprc rRrrird out hy the nld of tbe lfewlett Pncknrd 
“Lln~y~” method. 

Lhsle circuit ofthe 
The DELTA cllpolr clrcdto con&d of 
- Nrtmhrr of dipole tnngnetn (lfIt4.f) N = 18 
- Nominnl rntctl cwrrnt t.=W5A 
- T0lk1.I rirccdt lndnctnnce t, - 476 m# 
- Tbfnl clrrdt rr3idnnce & = 329 mfl 

- Cirrult llme cnnntrurt T, = 1.48 8 

- DC Id voltngr t,, ( R, - 327 V 
- rower nupply ontput volkkge 1.05.327 I’ ; V. = 1.05 

Thr operntlon of the ol’ornge ring mrytet clmdta 10 only DGwlne. 
Thrrrfor R C-pulor converter Is shed&d foot e&Jug the dipole mag- 
nrt,a. With this we get 

r _ 20 me 
1-c= 1.67 me 

‘I%P Iom-pn~a f&r hm to meet the foliowlng requkementa: 

R) attrnuntioa of the 300 Hz nnd 800 Hz barmonk voltage tumpo- 
nrnto 

II) (wrnk) rdtrnuntion of t,he 60 Nz nuhhnrmonlc voltage component; 
at IPRR~: no rurtpllRcntlon of suhhnrmonlcn. 

c) fwnwnbte open-loop reeponse of the cumplek sutomatic control 
eyRt.ML 

We nnnlywd two different typcn of pns&e Rltem 
- 2nd order (m = 0) ; d = 0.07 ; fe = h/2t = 23 Hz 
- 3rd order (VI = 0.1) ; d = 0.4 ; fe =*/2r = 16 fft 

Tb nrhien the ~nrne pcrformnuce of the output errur, the 2nd order 
filt,tv nrrdn M ndditlonnl eompmonting element of tbe structtrre men- 
tinned nhove (Fc). With thin we obtrrin slmlh~ open-loop rerpoaoen 
- RPC Fig. 3 nud slmilnr output enom In cn~e of n voltcye sbep - we 
Fig. 4. lht Fc incrrnnrs the level ot the blghet frequency mmponeata 
FIR it IP Rhown la Fig. 3. Thus the mda hnrmonlc annponent 300 Hz 
hnn the doutile v&e compared wtth the &cult coatalnlng the 3rd 
order pnAve filter wlthout compcnsatlon. Both ~ervaloop amptlfleru 
we of the I’l-type hnvlng the parameters! Vt - IW 1 Vrr = 3 or 4; 
r2 = 0.1 1. 

Mggnet circuite of the boo&et svnchrotrgCl BoDo 
I;‘r~r the Rrnt dcvdopmmt nrnge with lnnt txdtrtloa horn to0 to 
3~ M cV n DC thyrMor converter lo Mheduled bsvlag f2-pulse rec- 
tilying (T, = 0.886 ma) aad the nnrnc output parnmetem w for the 



~torngr ring cllpol~n: 9% A,(13 CeV) ; 1.05 327 V. ‘Ihr 3rd or- 
drr pnnslvc flltrr mrntlonrd &we (lo = 19 Wz; n* = 0.1; d = 0.4) 
it4 fnvo~urnl~tc for lhio appllcntion loo. llnwrrrr lo nbtnin R dlici~nt 
dynnmir hchnvior toot the sulomnbic ronlrol RyRtrm not only fn.strr 
rnnv~rt.lng but nlsa (I comp~n~nling network hnve to be unrd. Mh 
mrnnurrb dm sl lhc cnme rdnrgrmrnl of the open-kmp hn.fdw/&h. 
Figutr 5 RhowR the frequency rrsponsc of the rornpnsnting rlwnrnt. 
It3 Inyoc~t. is done with rcgnrd to the 600 Hz voltnge componmt, which 
Rhonid not be incrca~rd. 

(k*“t.r rr;qu*ncy Ill*dl.ne..~ 

FIB. 8. Plqwwy vw,~on”n . DELTA dlrwlr 

I .(3C-0, ___.._--- --- 

FIIJ. 4. Time tceponw lo a 100% llae voltngr step . DELTA dlgoln 

Flu. II. F’rqvrncy rnrpnnnm - Compmnslln# nrtantk nono rllp~lm 

Thnt Irr nlno obvlo~tn from Fig. 6, cnotnininp; the nul~lnop Irrqucnry 
rhnredddic D togethrr with lhnt of the prv;nlve Rit~r nnd t,hc open- 
loop rmponne of the whole II~R!W~. 
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Fla. 8. Frqrwncy rmponocs . BoDa dlpalar 

TIM- pnrmftrm for the two rrgulrttion nrnplifiem of the Pt-type 
tw: Vf = 850 ; Vrr = 0.9 ; T9 = 0.05 O. It IS obvioue that the m~hloop 

Knin VII I3 rircrmnwd lo fnvour of n higher ~pliflcatlon In the current 
loop. Thr nlrn of t,hiR la to obldn II better bet&or in the Mowing 
the dynnmic rrfrrrnrr input Fig. 7 ahows the kA!owlng tnor for twn 
rlimrrrrnt risr timm of the linear ramp but during the Arot transition 
prrind brtwren zero md the Unrar ramp of 60 m, duration. 

! P r bl Y Y rim, : t Y i 1 4 n 4 ; ; 
FIR. T. FoIlowIng rtrot - I?oDa dlpolw 

During thin lime the control input obeyea to the equstiaa 

‘l’lw dinp;rnm Agnrra the ~rrnr r&&d to the nominal rated vnluc I.F. 
3(K) MrV. The cunrnt loop Pl-rhnracteriatic yleldn a followlog trror 

proportlonnl to the fht dtrlvntlvc of the referetin value. Thrretore It 
It evlrlcnt that this can he ud nn correction slgnd. The result of ouch 
n rne%qurc la dcmonntrnl~ed hy Fig. 8. It la haeed on the latmdactioo 
of V * lb clireclly into the rrguisting uoit. 

Ail 6 qundrtrpr~lc fnmllles beve the ame circuit ptnmetenr: N = 4 
mngnets per circrdt; I, = 55 A (1.5 GeV); t, tt 1.374 H; II,,, = 
2.09 R; T, = 0.657 8; T, = 0.038 md 

Excifnthm wjil be done hy Indlvldud 14 &R,-PWM-lrnnsfalor 
choppc~~ having DC input, cnnnected to a common DC diode con- 
vrrlpr. The prrsslve fill~rn of these de&e, used w far fix DC oper- 
don, nhnll be krpt nnd nre of accood order having the pnrnmetcm 
m = 0; d = 6.11; fo = 691 Mr. The chuscteristfcs of the rcgnlrting 
nmplifirrn nre: crtrrrnt loop PI’-type with the paramctets: Vr 3 2ooo 

VII = 0.2 ; TV = 0.002 8 
A compmtrntlng network simihu to thL al the rtlpole nupply in 

provided. Figure 9 chows the following etir obthined by the ttppli- 
cntinn of theee rewoloop psunmetete +Ith the rermlt thst the trror in 
nrnrly zero nt !hp bcgla of the Hnenr rnmp due to double integration. 
$prcidly for o 6 I rise timt the followlag errut durlng the trnnoltloa 
phrux in nrafy wlthla the tolerahce. Therefor a correctlon wernn to 
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Flu. 0. Comprasntloa aI the lnllorln~ mnr cf PII 7 
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Fig. Q. Follaslng ntca . UoDa qulrdrupolrs 

~~$_rr\!!gc rnst cxcitat iota ol the_D_o.~otlieul_e_rllRgr!ela 

III tltc nrrnncl ~l~vrtfqn~~~nt. dnfy tlw lofnl r~‘rIr prriwl Is pln~~rwl to 

0~ 1.5 q. Font thin n.11 intrrprtine, rfttwttitiw for (110 tlipnlr ritr~llil *w 
r,ivrn In tllr ~inlplicirrl dln~nm of Fia. 10. All nnminnl fnlrd rlnnntit,irB 
ntr rrlntrtl t,n 1.5 crv. 

&----- 
1.P 

“P. 

i 

-h--- 
II, ---I 

‘u. 

The rrq~n~e of the grid to the presented current nnd the nctive 
pmvrr (P) wnvrformR nnd Rthlitionlrl to this : renctlve power (f’~) AR 
srrnnrlnry rfTrct of phww controlled thyrlatnr npplitntlon hnil to he cs- 
tirnntrrl by f.he knowlrdgr of the IO kV, 3 phase 60 Hz-nelwork pnrnm- 
rtrrn, Thr inst.it.ntc iR connrctrd to II 10 LV, 31.6 MVA-ttnnRfotmrr 
by R rrlntivrly long CRMC. Tlwrrfore the ahmlc reslstnnces ntp not nq- 
IiRihlc nnd we ottnin (PER = 31.6 MVA, nomlnd rated trnnsformcr 
riizn) 

II, - 0.4% II. = 22% 
AUP ;, -- r u, r,, 4 11, + - * II. 

PT, 

(a.9 Hnc voltngc mngnitude varlstloa) 

Ad = nrctn.n( & 

(n.9 he voltnlr(v phwre sngle vnr4rtioa) 
Normnlly thytint.or rnabnllcd power eourcw without energy otnr- 

ngc Iwtwrn linp nntl convrrtrr MF uncd. In otu cnne a second power 
supply fcr nhtt 2/3 of the tobd output power hw to be InRtdled md 
hy t.hr ww of gnte Rrcd thyrintotlr M fly-nhcel v&en the demnnd of 
rrw:tivc! pnwr in the rritirlll phaw dwlng trnnsitlon to flnt top may 
Iw rrntrictrtl to 50 % of bhr mrrximum tatd nctlve power. 
Wit,h thin WC rnlhnle thpne linrnr v&rye varfstioaa: 

mn~nitnrlr: 5. 10-g 
phnw nrt&~ 0.P. 

‘l’lwrl*y other nennitive I&xntotirs supplied by tbe fame line could 
Iw diot,urhrd 
Imprnvrmmt mny rrflnlt from: 
R) R fn.qt ~nnrw of restive power e.g. II rcnctor controlled hy bnck to 

hnrk cnnnrctrd thyristoru. With that elthcr the mrqltude or the 
phn.w nnglr rnw he correctrrl. 

b) Cnrtrrtion of thP line voltnge mngdtuds M mentioned hove. 

fhnsp nn& romprnnation by addltlon of II fat v&able 9@’ shlfted 
voltn~c to thr tmpply voltnge. The mwt prnctlcrble method would 
1~ tlw use of II trnnsductor series connected to the main trann- 
fflrmrr out.put. 

c) Applicn~lon of a srlf-cnmmuktlng power sourn! wtth DC laterllnk 
nnrl cnrrgy nfnrnbe , ow Fig. Il. Ualng tbe qnsatltlen of Fig. 10 
ntl~f R given voltngc vluintion of AU/U, = 3~25% II storrge c~ppw- 
ithnrr of 0.5 F Is nrmwuy. The vtwlat,Ioa of the storage capncltor 
voltnK!r W,/U,, 1~ nbown. Smoothing of the input current Is done 
by the Rltcr rhokr. 
‘I’hr nize of the RLotngc rnpwltnr wducen by nearly 20% if n prllne 
lonrl nf 20% of thP nominnl rnted nctin power la tolerated. In this 
CMP rhwging of bhc ~torngr ctlpwltot Is ccurled out only durine the 
rlr rnrrgizing phwc nnd the Input current hns to be Interrupted. 
TM4 method ntnt)ilizcs not only the locd line v&rye but liber- 
nh thr grid from ptdnntlng lad. Of coume It Is the moRt expea- 
Fiw nnv nnd rrnlizntlon IB only pomlble by the uoe of electrolytic 
rnpnritom. With rrgntd to thclr overvoltage snfety 4200 units of 
6 rtrF ; 050 V are accessnry to ect a statye cspncitmce of 0.6 F 

II.*, f W 1500 v. 

Flf. Il. I’oan ~npply with DC lntullnk . BoDo dlpoln 

Flu. 10. wnv abnp2a ior rI1li range rrut cKl1don DoDo c!lpoln 

I, = 995 A ; Cf. t 1085 V ; I:, = 1.08 dfll: 

Fnrrp,ialnq If4 mnrlr by lfnrnr rnmplnp, w11rrrn.s fnr brnrr~izln~ 
thp morfr with m~~~imarn po~rrlh!c inverse voltnp,r is nrwmrtl. 

References 

111 .I.f+irdJ , DELTA, Thr Electron Stornge IUng Acceletntor, (pre- 
wntrd nt thlo conference) 


