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DC POWER SYSTLH FUR DEUTERON ACCEZRATORY

K. 0. “reek™ and D. J. Liska
Los Alamos Nutiunal Labouratory, Los Alamos, New Mexico 87545

Summar y

The Fusion Materiais lrradiation iest (FMIT)
Facility dc power system provides excitation current
for all 1inac and High-Energy Beam Transport (HEBT)
quadrupole and bending .agnets, cxcitation for hori-
zontal and vertica) beam steering, and current-bypass
shunts,

Linac Quacrup”le Excitation

The linac assembly of the FMIT accelerator con-
tains 77 guadrupoles requiring dc excitation. Four
quadrupole designs are employed, requirirg maximum
current ranging from 590 A to 1200 A, The voitane
across each quad is approximately 10 V. The first
five quadrupoles are a separate design; ‘hey match
the beam from the radiv-frequency quadrupcle (RFQ)
into the first linac tank, each requiring dif:ercent
operatiny gradients an:' currents. Separale power
supplies rated al lcuu A and ¢y ¥V are assigned to
each of the firut five quadrupcles., The remaining /2
will bLe excited in adjacent scries groups of five, or
1858, connected to one power supply. Thewe ideniical
power supplivs are rated at by V and 1000 A with 45-v
and 30-v taps. Nineteen are requiren *5 power the
r > aining /¢ ¢.adrapolus,

Adjusting the quad currents in aroups ol five or
Toss will proy:de sutficient beam adjustmert without
current-bynass shunting of individinl ovadrupoles in
the group.

However, shunts will be installed for current
trimming of quadrupules at bean-emittance matching
areas where the twe tanks join, and .t the snd of the
second tank, A block diagram uf the linac de power
units is shown in Fig. 1.

“*Work performed under the auspices of the US
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Fig. 1. Linac do power, shunt and steering.

The b0-kW linac constant-current puner supplics
are regulated to * 0.1% ot full-scale current for
expected variations in lin. voltage, load, ambhient
temperature, and long-term drift. The puwcr supplies
are air-cooled. Output current is computer contralled
by a G- to +10-V dc signal from a D/A converter. The
computer starts and stops the power supplies, and
moniwors output current and malfunctions. An over-
riding "local" control duplicates these functione.

The "computer-local" selection 15 located at the power
supply.

Each power supply will automatically shut off
under the following conditions: (1) overcurrent in
line contactor, (Z? high temperiture in the power
supply, (3) low impeds ce to yround in the lpad, and
(4) loss of water cooling or high temperature at the
magnet loads,

The de power loop is grounded at only one point,
through a 1U-. resistor at the power supply. A
meter relay is connected {1 parallel witn Lhe resistur
and provides an indication and alarm contact for
grue wt tault current in the magne! loads,

flieterioration nf magnet wire insulation, currenl
leaking auross the water breaks, and any ot er cable
or connector faull to ground can be Seen on the meler,
The around faylt deteclion cfrcail is shown in Fig., ¢,
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Shunt «

Current=bypass shunts are connected fn parallel
with quudrupnles that reguive lest operat tng current
than adjacent magnets, when the group of magnets are
powersd 1o series with one matn power supply, The
shunty are rated at 100 A or Jess,  The shunt cyrrent
will pe contratled by & computer stgnal or by loca)
current vontrol.  The current contrel signal iy com.
pared to the shunt current, and the error is used to
bias power transistors to carvy the requored current,
Fixod power resistors will Le fnstalled in paralleld
with the controlled shunt to expand the shunt range
as required, A typioal shunt circatt §s shown in
Fig. 4,
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tenizontal and Vertaeal Sleevaes

Permanenst Ty connected horizontal and vertical
beam steering 18 anstalles in the tarst fave Dinacs
Guodt wpulesy e two at tne certer ot cach ol two
Lanks, anu i Lwo at the tank intersection,  Steering
1S accomp hysned by winding small auailiary covls on
the poele taps of the chosen quadrupoles.  The oppuosite
cotle are connected in series and powered by a bipoelar
power sapply and regulator shown i Fig, 4. This syee
Lem will supply current in both directions with
smouthy contimuoes=current control through zero.  The
Lipular supply i composed of two power supplies
conned ted 50 as to supply opposite polarities,  Two
power-transistor regulators are used to supply poui-
tive or negative current to the steering=coy] windinge
as required  The control signal tor the regalators
Iy develeped from a comparison of the sptapmint yianal
and the current an the steering coily,

10y .
J00A .

REAGULATOR

RE iy AT R

‘ 10V I
-4 1NNA =1 s mess -

SHUNT

o

b

COMPUTIR
ST P,

REGULATOR L
CARD —-

R ————_— e m .

CHRPENT

———

I va, o,

nuAn Y
st e

READ OUT

Horyzontal and vertical steering «ill be
computer=controlled or manually contralled,  Because
the groadrupele poles arc at ¥ free e origos taly
A horfzantal or vertical bean=stecring command mast
be rosceleed by tne computer into two cwrreat vectors
at ub® fur tne steering coils,

Sterring coils are electrically seprcate from
the man guadiupoele windings, from b other, and
trom ground; therefore, the same Lwo powor supplics
may be used to excite eiaght pafrs of steering wind-
gy e tone quadrapeles,  Steering wanding pates
Produ e i A=Lgrps of steering and Aare rated at 48 A
anyg /v,

feleeted Morfzontal Steering
Adaitional horizontal steering will be providge !

At any selected Linac ouadvapoles by connes ting the
bipelar power anappiy/shant ing system of 1 1g, b to Uhe
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Horfzontal and vert e al steertng,
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Fia. 5.
main windings of the selected quadrupnle., Horizontal
stecring 1s accerplished Ly adding current to two g

windings and subtracting an equal amount of current
from the other two windings,

Addit fonal current is injected into two coeils
from the puwer supply by a pwer=transister reg.iator
while current s shunted around the other two cuils
Ly d¢ power transistor regulator shunt. Hoth requla-
Lors are contrelivg by circuits that compare the cur-
ruenl in the mognet coils to the current sct point.

Current set points are received from Lhe coum-
puter D/i converter through isolation, or fram local
current adyustmenls, This system of puwer supplics
and shunt regulators will provide steering in both
direct ions with smyoth continuous control through
Zvry as the coils are *raonsferred from a curren!
source to a current sint. Eight sets of horizontal
steering circuits will be availalle for connection to
eiyghl possible quads throughout the linac,

HLBT Power Supplies

Forly-one HEBT quadrupoles, one switching mag-
net, and six bending magnets require de excitation
in the HERT,  The quadrupoles roquire current ranqing
from Hod to WOO A maximum, al approximately 725 V

Selected horizonlal steering.

cach. Sixteen of the same 60-kW power supplies used
for the 1iny are used to power the HERT quadrupoles
in palrs (.sirg Lhe U=V Lap) or singly (using the
-V tap), as showi in Fig, 6,

Becaute anly one gl the Lwn beamlines after the
switching magnet will be used at a time, one set of
power supplies frr one beamline will be installed anu
then switched to the beamline magnets that a*e to be
uperated,

The switchinu magnet and the three bending mag-
nets inoogne beamline are supplied in series by one
nower supply.  Tmis power supply is a'so switched to
the beamline that is to be operated; as part of the
switching, the connections to the swituhing magnet
are reversced in pularity to di-oct the beam to Lhe
Lbeamline that {s to be operated,

The two guadrupoles immediately following the
switcher and eich bender magnet are powered in groups
uf four, on onc power supoly. The four vertical fo-
cus Ing magrets are pownred in series fica one supply,
and the four horizontally focusing magnets are powvere.
in series frum the other supply, These supplies will
bv switched trom one heamline te tha other,
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HIBT dc power.
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