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MAGNET CIRCUITS FOR DELTA

W, Nothe
DELTA Group, University of Dortinund, FLG

Abstract

The DELTA booster aynchrotron magnets will be operated in a tamp
mode. Fast excitation will be done only up to 300 MeV in the first
atape and up to the nominel rated energy of 1.5 GeV in n Inter phase.
For this the type of the dipole power supply is mainly determined by
the influence of the maing, and dilferent solutions are discussed,

The control loop design of the magnet circnita of the bonster and
the stornge ting and the resndts of their simuiation are presented.

Introduction

Both the Synchrotron and the stornge ring of the 1.5 GeV DEUTA
project will he equipped by the snme types of dipale and qundrupole
mnpnets, The dipole magnet clrenits will be excited by phase-control-
1] thyristor converters wherens those for the quadrupoles will be aup-
plicd by 14 kM z — PWA Transistor converters. All power swpplies
nre cloged by passive low-pnag Rlters. Bnergizing of the aynchrotron
mapgnet cirenits will be mnde in a ramp mode thus obtaining seope
for the excitation curve shape. During the Frst development stage of
the project, when fast excitation for them is only necessnry between
100 Aed and 300 AMeV power supplics are provided their ontput
voltage hng a DC level on a 1.5 GeV base thus allowing full excitation
from 300 MeV to 1.5 GeV only in a slow manner, As dynamic error
in enae of 1 2% step of the line voltnge the magnet enreenta shouldn't
rxeeed n 1074 tolerance. Figure 1 shows the equivalent circuit dingram
of both types of power supply.
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Flg. 1. Firat stage power supply - Baslc clicult dingram

Structure of the automatic control system

Antomntic control will be done by a mngnet current loop and a
(Riter) voltnge sulloop. The blnck dingram containing all the clements
of the structure lg given In Fig. 2.
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Flg, 2. Multl-loop control syatem - Block dlagram

The transfer finctlon of the single structure clements are listed

below (p = jwe=1),
Fs1: Approximation for the delay time T, of the DC aource

1

Psv= 375773

Fss: low-pnan third order passive filter (serica reactor without losses)
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Fsy: magnet circuit

1 Lom
=TTt ™" R
Ug . Ug:uoltage of the DC source
Toan | T ¢ nominal rated magnel current
Fpy: magnet cutrent regulator
Vi-(1 4+ pTw)
Pl

Fsa (see Fig.1)

Vo =

Fpy = Pl — characleristic

- _ Vi (4 pTm)(1 + pTy) 1_ .
Fry = T PI? — characteristic

Fpa: Voltage regulator
Fpg = Vo (1 4 p13) P - characteristic
rly

Fe compensating element ("phase shiflter™)
_L4pTy  14pTy
L4 pTe (14 pT3)(1 4 pTs)
The rimulations were carried out by the aid of the Hewlett Packard
"Linsys” method.
Dipole circuit of the storage ring
The DEUTA dipole clreults consist of
- Number of dipole magnets (16+4-) N =18

Fe

- Nominal rated current I,=995 A

- ‘Total circuit Inductance Low== 476 mH

- Total circult resistance My =329 mN

- Cirenlt time constant m=1451

- DC load voltage In Rn=2327V

- Power supply output voltage 1.05:-327V ; Vo = 105

The operntion of the storage ring magnet clrcults is only DC-wine.
Therefor a G-pulse converter is sheduled for exciting the dipole mag-
nets. With this we get

20 ms
T=%73
The low-pnss filter has to meet the followlng requirements:
) attenuation of the 300 Hx and 800 Hz harmonic voltage compo-
nents
b} (wenk) attenuntion of the 50 H x subharmonic voltage component;
at lerst: no nmplification of subharmonics.
¢) favourable open-loop responee of the complete automatic control
system.
We annlyred two different types of passive filters
- 2ndordet (m = 0);d = 007; fo =wp/2r =23 H:
- Jrdorder (m = 0.1) ;d = 04} fo=tnf2r =15 He
To aclieve the same performance of the output error, the 2nd order
filter needs an additional compensnting element of the structure men-
tioned above (Fc). With this we obtain similar open-loop responses
- ree Fig. 3 and similar output errors in case of & voltage step - see
Fig. 4. But Fo Increases the level of the highet frequency componenta
ns {t Ia shown In Fig. 3. Thus the maln harmonle component 300 H 2
hns the double value compnred with the clrcult contalning the 3rd
order pasaive filter without compensation. Both servoloop amplifiers
nte of the Pl-type having the parameters: V; = 160 | Viy = 3 or &;
T5=010s.

Magnet circuits of the booster synchrotron BoDo

For the fiest development atage with fast excitation from 100 to
300 MeV & DC thyrlstor converter I8 scheduled having 12-pulse rec-
tifying {T, = 0.885 m4) and the snme output parameters as for the

= 1.67 ms




storage ting dipoles: 995 A,(1.5 GeV) ; 1.05 - 327 V. The 3rd or-
dre prssive filter mentioned above (fp = 15 Hzim = 0.1;d = (:H)
i favourable for this application too. However to obtain a sufficient
dynamic behnavior for the putomntic control system not only faster
converting but also & compensating network have to be used. Doth
mensured adm st the rame enlargement of the open-loop bandwidth,
Figure b shows the frequency response of the compensating element.
Its layout Is done with regard to the 600 Hx vgltngre component, which
rhould not be increased. '
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Flg. B, Frequency reaponses - Compenasting network BoDo dipeles

That ia also obviouns from Fig. 6, containing the subloop frequency
characteristic D together with that of the pnssive Rlter and the open-
Ioop rerponse of the whole aystrm.
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Flg. 8. Frequency responses - BoDo dlpoles

The parameters for the two regulation amplifiers of the Pl-type
are: Vp =850 ; Vi = 0.9 ; Ty = 0.05 o. It is obvious that the subloop
gnin Vi; is decrensed In favour of a higher amplification in the current
loop. The aim of this Is to obtain & better behavior in the following
the dynamic reference input. Fig. 7 shows the followlng error for two
differcnt rise times of the linear ramp but during the first tranaition
petiod hetween zero and the lincer ramp of 50 m¢# duration.
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Flg.T. Followlng etror - BoDo dipoles

During this time the control input obeyes to the equation
W = at? 4 bt!

The dingram figures the error related to the nominal rated value ie.
300 MeV. The current loop Pl-characteristic ylelds a followlng error
proportionnl to the first derivative of the reference value. Therefore It
I5 evident that this can be used ax correction signal, The result of such
n measure is demonstrated by Fig. 8. Tt is based on the Introduction
of V. W directly into the regulating unit.

All 6 quadrupule famities have the same circult parameters: N = 4
magnets per circult; I, = 55 A (1.5 GeV); L,, = 1.374 H; R, =
20910 T,, = 0.657 5; T, = 0.036 ms

Excitation will be done by individual 14 kH2-PWM-transistor
choppers having DC Input, connected to 8 common DC dlode con-
verter. The passive Rlters of these device, used so far for DC oper-
ation, shall be kept and are of second order having the parameters
m=0;d=0.11; fo = 691 H1. The characteristics of the regulating
amplificts are: current loop PI1-type with the parameters: V; = 2000

Vir=02;7,=0002 s .

A compenaating network slmilar to this of the dipole supply ts
provided. Figure 9 ahows the following error obtained by the appli-
cation of these rervoloop parameters with the renult that the error Is
nearly zero at the begin of the linear ramp due to double integration.
Specially for 0 & # rise time the following error during the transition
phase I8 neat!y within the toleratice. Therefor & correction seems to
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be unnecessnry.
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Flg. 8. Following etror - BoDo quadrupeles

Full range fast excitation of the BoDo dipole magnels
In the second development stage the total cycle period ia planned to
bie 1.5 & For this all interesting quantitics for the dipole cirenit are
riven In the simplified diagram of Fig. 10. All nomina! tated quantities
are related to 1.5 GeV,
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Flg. 10. Wave shapes for [nll range [aat excltation - BaDo dipolea

1,=995A | U,=1085V ; P, =108 MW},

Energizing ls mnde by Hnenr ramplog wheeena for de-energizing
the mode with maximum possible inverse voltage ia assimed.

The responae of the grid to the presented current and the active
power {P) waveforma and adiditionn! to this : reactive power (I'g) as
secontdnry effect of phnee controlled thyristor application has to be es-
timnted by the knowledge of the 10 kV, 3 phase 50 H 2-network pnram-
nters, The institute is connected to n 10 &V, 315 MV A-teansformer
by a relatively long cable. Thercfore the ohmic resistances are not neg-
ligible and we obtnin (Prp = 31.5 MV A, nominal rated transformer
Rize

) u, = B.A%

-é——q.— p "(y+£‘q““‘:

Un = FY.': PTr
(ns line voltage magnitude vartation)

u, = 22%

pr g
Ad = mm(l’n t, Fre )
{ns line voltnge phase angle variation)

Normally thyriator controlled power sotrces without encrgy stor-
nge hetween line and converter are used. In otir case a second power
supply for hout 2/3 of the total output powet han to be Installed and
hy the uae of gnte fired thyristors ns fly-wheel valves the demand of
reactive power In the critical phase during teansition to flat top may
be restricted to 50 % of the maximum total active power,

With this we estimate these linear voltage variations:
mngnitnde: 51073
phnse angle: 0.77.

Therehy other sensitive laboratories supplied by the same line could

be disturhed.

Imptovement may reault from:

r) n fnst gonrce of reactive power e.g. A reactor controlled by back to
bnck connected thyristors. With that elthet the magnitude or the
phase angle can be corrected.

b) Correction of the line voltnge maghitude as mentioned ahove.

Phnse angle compensation by addition of a fast variable 90° shifted

voltage to the supply voltage. The most practicable method would

be the nse of a transductor series connected to the main trans-
former output,

Application of a sell-commutating power gource with DC Interlink

and energy alornge | see Fig, 11. Using the quantities of Fig. 10

and n given voltage variation of AUSU, = £25% a storage capac-

itance of 0.5 F is neceassary. The varlation of the storage capacitor
voltnge U, /U, 1s shown. Smoothing of the lnput current is done
by the flter choke.

The size of the stotnge crpacitor reduces by nearly 20% if a pulse

Tond of 20% of the nomine! rated active power ls tolerated. In this

cnrse charging of the storage capacitor is cartied out only during the

de-rnergizing phase and the input current has to be Interrupted,

This method stabilizes not only the tocal line voltage but liber-

ntes the grid from puleating toad. Of course it s the most expen-

sive nne and renlization is only possible by the use of electrolytic
capacitors. With regard to thelr overvoltage safety 4200 units of

6 F ; 350 V ate nccessary bo get a storage capacitance of 0.5 F

Uinaz &2 1500 V.
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