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HMAGNET POWER SUPPLY FOR ISABELLE*
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Summazy

The powsr supply system which will energize the
superconducting magnecs in the ISABELLE machine cone=
siscs of some 320 computer-progrsmmable powar supplies
with outputs ranging from S0 A to 4500 A. Most of the
pover supplies will be used for the corzaction of field
harmonics, orbit correction and adjustment of the ma-
chine working line. During scceleration, curzents in
various lagnet correction coils will be controlled in
real time to track the main fisld; all power suppiles
must be highly stable during the stacking and storage
of che beam (in some csses currtent regulation zust be
in the ordar of 0.001 %). 23 referanca programs will
be stored {n micToprocessor based functicn gemeracors
enbedded in each powsr supply. Due to the large asount
of scorsd energy in the system, the magnets cust be
protacted during quenches., Details of the power sup~
2ly and of che magnet quench progecticn syscam are
described,

Ingroduction

Ia the ISABELLE zachins presently under constsuce
tion at 3NL, each acceleracor ring councains 540 super=~
conducting cagnecs; 366 dipoles, 133 regular quadru-
soles and 36 special quadrupoles in che insertion re-
glons. The main windings of all magnets ars connected
in series snd energized with a single, curzent pro-
grammable, bidizectional converter type power supply.
The current is ramped from about 300 A ( injestion/
stacking ) to 4170 A ( pesk energy ) once evezry 12 hour
period, The stored enargy in the cirsuit ac full field
is in che order 380 MJ, This snergy is returned to the
line during normal de-excitacion of the magnets,

Oue to the large amount of stored energy in the
syscan, a relisble protection scheze is required o proe
tect cthe magnets froa damage during quenches and o pre~
vent agnet~Cto-magnet queach propagation., This scheme
consiscs basically of eryogenic by-pass diodes comnected
across esch zagnet coil and an energy excraction syscen.
In asch machine sextant, the diodes provide a by-pass
for the curreat sround quenched magnecs snd the ex-
tzaccion syscam diverts the energy stored in the remain-
ing superconducting magnets in¢o exterasl energy dump
resistors. Since the «inecic energy of the circulating
proton beam may be as aigh as 33 MJ, Lec is ioperanive
t> aject the beam out of che zachine in she avent of a
zagrnee guench, A detection system will be implemenced
to detect :-eaches in all zagnet coils, This systen
«#ill generate aj:rovtiace triggers to beam axtraction
aquipmence and co the zagmet anergy dump systmm.

In addictlon to the zain coils, the magnecs con-
tain 2 agumber of other coils for the correction of
syscamacic f£leld harmounics, closed orbic correction
and for adjustmant of the machine working iine, Zach
seC of syscematic cozfection coils and of the quadru-
pole cTim coils is powered in saries around the ring.
Steering dipoles for closed orbit correccion and tzim
coils on the insersisn quadrupoles are powered fndividu-
ally. Electrical coupling between various corrsction
colls and the main coils {s negligible axcept in the
case of juadrupole s¥im, A physical layout of the cag-
net systam and power supply is illuscraced in Fig. l.
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Fig. 1 Magnat Power Supply Syscem ( each ace
celerator rizg )

Main Magnat Circuic

The main cagnet circuit in zach ring is anergizad
wich a powar supply consisting of two SCR concrolled
unics connected in parallel; a high voltage bidirece
tional coaverter for snergy transfer during acceleration
and sagnet de-axcitation, and a low-voltage, lowe-rippls
unic for holding during the scacking and scorage of the
bean, The powar supply operzces in the current regu-
lacing mode; a field regulacing loop will be used dure
ing the besam storege phase. B3och passive and accive
filcars are used to reduce the current tippla to che
raquired leval. Curvent sansing is accomplished by
mezns of a zero-flux type current craasductor and the
powver suppiy reference program is derived frem a L5
bic, scate-of-ert D/A converter.

The main nagnet cirsult consiscs of chree buses,
a&s illustrated, The dipoles and che insertion quadzue-
polee are ia the forward bus whereas the regular quads
are {u the return bus. A by-vass power supply diverts
some current around the quadrupoles to compensate for
the diffarence in che saturacion of che iron in cthe
dipoles and the quadrupolas. Paramecers of cthe mein
and byepass power supplies and of che magnet loed are
lisced in Table I. A cypical magnec sxcication =ycle
is showm in 7ig. 2.

Yagnee Corracsion Svscem

In all dipoles aad quadrupoles chera are addi-
tional coils which will be used so correce che field
shepe and will provide comeroi of :he machine working
line. Systematic errors in the nagnecic £iald will
aTise due to iron sacuration effacss, comscructias af
cthe coil ends, diamagnetic affects in the jupercan-
duccor, and rateedependent induced currents. Iager-
feccions in magnet constzuction and in physical place~
aent of cthe magnecs io che ring will resule sn fiald



ersors that vary randomly from magnet o =agaec. The
arimary effect of the random fieid errors will be to
displace the central orbic, A systam of steering dipols
coils, each powered 5y an independent powver supply, wiil
be used co raduce the orbic displacement to about 1 mn
arcund the ring and to withia 0.1 om in the vercical
direction at che intersection poincs of the two ac-~
celsrator rings. Skew quadrupole coils ars provided

o suppress certain imperfacticn resonsaces which may
be caused by the random field errors. The shape of the
machine working line will be controlled with a set of 1
{independencly powered coils {n thu Tegular quadrupoles”,
All correction power supplies will be programmed in
real time to track the main dipole field,

Table I

Main Power Sunply
No. of Energy Transfer Scations 1
No. of Holding Stations 1
Peak Currant (transfer) 4500 A
2eak Curranc (holding) 4500 A
Peaak Voltage (cransfar) 1000 v
Pask Yolcage (holding) 100 v
Current Tolerance- long tamm 45 zA

= ripple 0.5 oA
Yaenec toad
Dipole Inductance (main coil) 0.1 ):4
Quadzupole Inductance (main coil) 0.0l H
Quad, MaineTrin Mucual Inductance 0.006 H
Total Cizcuit Inductance 38.3 :¢
Cireulit Resistaace 0,02 Ol
System Time Conscsnt 1915 sac
Peak Zus~to=dus Voleage 1000 v
Peslk Jus~co=Ground Voltage 1000 v

Table II

Cornc:ion* Lacuion* Curreat Cur, Tol. YYo.of Ckes/

A ?pa FS ring
b, B3 £300 10 2
by 3 = 50 25 2
b, 3 £ 50 S0 2
b, QF,QD +300 50 2 |
QF,Q0 £ 50 128 2
8 QD,IQ6 £ 50 200 66
b qQr,1Q7 = 50 200 60
% IQL,I06 =100 200 2 g
By 1Q2,1Q5 £100 200 2 2
b, ) £300 175 12
b 192 =300 175 12
b, % £300 s60 12
b, Q8 =300 aso 12
b, 0% *300 as0 12
by Q7 £300 aso 12
‘l 1Q161Q2 = 50 2
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The maguee corraccion syscem for one ring {s sum-
In the cable are lisced the vari-

zarized in Table II,

dus types of corrections :ogecher with the corresponding

current and curreat tolerance raquiremencs.

3asically,

she power supplies will be currsnc regulated, transise
torized power amplifiers with pushepull outpuc stages;
in some cases field vegulation aay Ye zequired ( for

. the by corTeczion).
vazious unics fall inco three ranges:

=125v,

The compliance voltages of the

=10v, %78v, and

3= By(1+ E .“y“).

“Magnecs: Bedipole, QF-focusing quad., QD-defocusing
quad., IQ-insercion quad.

£S Conerollers

Each magnet power supply will have an embedded
microcompucer which will perfora a variety of control,
monitoring and cecemunication tasks. Alszhough small in
size and low in cosc, the controller adds che local
intsalligence sary for lcation with a concrsl
ccmputer, increases Zunctionality available, and e~
duces the size of PS contzol circuicsy,

The hardvare consists of an 3085 microcomputar, a
$12 byta random access memory (RAM), a programmable
taad-only memory (EPRCM), parallel fapuct/ousjut porcs
and councers, The cancroller componencs ars opctically
isolacel from the power suppliss 2o avoid ground loops.
The syscem operaces {n & mulcitasking mode wich thrae
levals of priority in foreground., The foraground proe
grams in order of priority are: reference program
generacor (FGEN), 25 fault checking (FAULT), and com-
puCer iIncerface ( via IEEE-438 interface bus ), 3Jack-
ground is used ¢o control power supply status, L.8,
turn-on, tuzneoif, ecc,

The funcrion generator may bYe programmed co Sit
various PS refersnce funciiocns with & aequence of
linear rampe. In FGEN, a bresk-poinc race syscen is
used; this mechod of funcsion zeneracion i3 afficient
iz aemory size, produces an ocuctput thac can e easily
filtered, and incerisces o a micraccmputer with miai-
aal havdwars. A sixty end-point table raquires only
240 bytes of RAM,

The fault checking svstam is desizned 23 procec:
the magnet as well as the power supply icself. Some
Saults are fatal and ceuse power supply shucdown, others




allow for a controlled ramp-down, and 3eill ocherzs
mersly Teport the problem, A "wacch dog" cizcuit is
included for increasad sysces protection.
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Magnet Quesch Pracsceion

A systen is being devaloped to protect the ISA
magnets Srom destructive energy dissipation during
quenches®, The system must detect faults at an early
stage, rapidly execract the high eanargy aroton besm out
of the machine and divarc the stored energy in che
magaet string around the quenched uzits.

To detect quenches in aach coil, an array of digi-
zal pulse trains with frequencias proporticmal to the
coll voltages will e generaced and cransmicted co 3
central location for processing. Receivers will be up-
datad every millisecond to detect quenches ac an early
stage. Low level signals i{njected at the syscem in-
sut, but well below the quench threshold, will continu«
ously transmit low fraquency pulse crains to insure
systen integrity. A aissing pulse detector wlll set
an alawm ia case of faulcy circuicTy.

Aftar a quench is decectad, the fast bean &x-
zraction system will Ye activated and the :nergy die
rarsion sequence iaitiated. AS the resiscive volcage
of the quenched zagnet zises to approximately 25 voles,
a cryogenic by-pass diode will conduct and quickly re-
duca the magnet voltage drop to about 2 voles?, A
singla magnet is capable of dissizacing ouly its owm
enargy; che diode will act as a curTenty by-pass pree
venting the system stoted energy from Selng depcsticed
into the faulty unic,

In the ISA, each sexcanc of che ring will be iso-
laced and by-psssed by means of several SCR switching
assezblies (see Tig. 4). The by-pasa SCRs will be
gated on, followed by the commucacion of the isolacing
3CRs. This will emable she sextant o decay ineo an
axcarnsl dump Tesiscor wich a tine comsctaat of about
t4 sec, while the rest of the ring will be ramped
down at a slower riate, The radid decay is necessary
ta prevent magaet to 2agnet quench propagation due o
high pressure wara gus front generated My a quenched
nagnet. Sxhaust pores will de provided in 2ach nagnat
o expel the waIl zas.

Svazam Jracatvnes

Tirsc proctotypes of computer-conecrolled caia and
corseczion power jupplias Zor ISABZLLZ have been de-
valoped and cestad {a the 135A Hali-Call Procoevpe in
the spriag of 1976*, Development of second gemeration

power supplies is underway; these units should be ready
for syscen tescs in che fall of chis year in che I[SA
First~Call., The new power supplies will be nove com-
pact, will have a higher powar conversiocn afficiency,
and will uciliza che aevly developed 2053 microcomputar
based PS5 concrollars,
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Fig. & Vacnet Cnergy Zxeraction Circuic
(saxtant of each ring)

for the aagnet quench protection system, tasts on
che by-pass diodes have shown that chermal eycling and
switching of high currzeats have liccle affect on che
davice characceriscics, Interpolation of radiation
data fadicates that radiaclon will cause a small in-
creass in the diocde forward voltage drop; this effect
i3, however, reversiblé and the diode drop can be ze-
turned to normal value by thermal cyclisg. Some tests
on che diodes and switching SCRs in a magnet scring
have been performed in cthe Half=Call., Further cesting
will be continued in the First-Cell.
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