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Abstract

Two diff=rent requirements are driving engineering studies
and hardware de* :lopment to improve LAMPF. The first is
concemed with component and system improvements 1o
increase bzam availability during the LAMPF production
cycle. Hardware changes in RF, power supplier, and magnets
are being implemented 0 increase mean time between failure
and reduce time to replace or repair failed units. A joint
LAMPF-Industry project is on-going to imorove reliability of
RF components. A component test stand is being refurbished
to include significant development cepability The second
approach includes several changes that will increase the duty
factor of the existing accelerator. Mnajor chenges sre being
evaluated for replacing the froni end of the acceler: . Dther
cianges improving the high brightness capability co . result
in a new perfarmance plat=au for LAMPF. '

Introduction

The Los Alamos Tlinion P. Anderson Meson Physics
Facility (LAMPF) is a hall-mile-long linear particle
accelerator. Beams of H+, H-, and polarized H- are available.
Both positive and negative ione are accelerated simulaneously .
LAMPF produces an 800 MeV ion beam at an average current
of near one milliampere.

Improvements to increase the beam availability include
hardwarz changes to the 201 MHz RF, replacement of 805
MHz RF swilch tubes that are no longer produced, changes o
power supply controllers, and redesign of critical magnets in
the Proton Storage Ring to be more radiation resistani. Other
changes that cannnt be covered in a three page paper include:
increased vacuum system pumping capability in key systems,
replacement of heat exchangers to permit easy cleaning and
avoiding hazardous chemicals in cleaning, upgrade water flow
switches and vater-cooled cablex, a sysiem approach o
replacement of hardware, and a sysems spprosch 1o inclode
maintenance in any snd all equipment changes.

Improvemenus, which will allow increase in the duty
factor, include additions w the f{acility water cooling towers,
system ovaluation of improved cooling distribution to
accelerator and experimenter hardware, usc of newly
reconfigured RF et stands for tbe wsting and development
programs, system studies and tests to optimize the efliciency
of the 805-MHz RF kiystrons, and duplication of vacuum
pumps and olrer key oquipment in which performnnce
degradation ar failure would cause beam down-time.

Improvements to Increase Reliability
High Power Radio Frequency Systems

The LAMPF 201.25 MHz Alvarez drift tube LINAC is
powered by four modules. Each module consists of a cascadc
of four grided tubes. The maximum duty factor for the RF
systems must be approximalely 14% for an accelerator beam
duty factor of 12%. The peak powcr for Modules 2, 3, and 4
is 3 MW during accelerator tank fill ime and drops to 2.6 MW
while the beam is present. The LAMPF 805 MHz side-
coupied LINAC consist of forty-four structures each powered
by a klystron. The peak pulsed power level is about 1.2 MW,
Compared to the reliability of the forty-four 805 MHz
modules, the four module 201.25 MHz system has been
responsible for more than twice the accelerator down-time in
rec~nt years.

201 MH:z RF

The 201.25 MHz module used over the last twenty years
is a four vacuum tbe chain consisting of two 7651 tewrodes, a
4616 wtrode and a 7835 power wiode. Figure | shows the
proposed changes in these modules. A solid state 5 kW
amplifier will rep'ace the first two vacuum tubes and seven
associs’ed power supplies. This simplifies the RF system and
reduces srnual maintenance.

The 4615 modulawr circuit will be replaced with a
switching type anode power supply. Tentative requirements
tor the power supply are 17 kV, 3 A average current, and 15
A peak. Protechve circuitry for fast shut-off will be necessary.

The 7835 power amplifier is plaie modulated by two
ACW250,000 tubes in parallel. Circuitry will be redesigned o
accommeo-iate unmatched wbes. The tube type video driver
will be replaced with a  hybrid circuit consisting of an
inconing fiber oanic limk, high power MOSFET followed by a
ICX2500F3 winde.

A major amprovement will be the .ddition of morc
abundam mat-umentsiion and an advanced data logging system.
This equipment will be the kcy to providing failure trend
analysis, maintenance lists, and materials for raining.

A joint development program betwoeen Burle Industries and
LANL has modified the 7835 system power triode to include
two penning gages. This inodification makes it possible for
the first ime to observe filament turn-on gas bursts and o
monitor the vacuum during the lifetime of these tubes. With
this ac*ditional disgnostic, the tube conditioning procedure has
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Fig. 1 201.25 MHz RF Configuration for Module 2

been changed to avoid operating under poor vacuum
conditions. The penning gages act as vacuuin pumps,
shortening the down-time after turning on the filameants.
Other joint activities include analysis and dissection of [ailed
units, alternate ceramic malterial, and ceramic seal
development

805 MHz RF

The major changes in the klystron system are in the
switch wbes. The modules originally used Machlett LPT-44
tubes that arc no longer manufactured In one of seven seclors
of LAMPF the Machlett tubes have been replaced with Litton
L-3408 switch wubes. Converzion tc these tubes require
modification of the klystron modulators. A search for sources
o rebulld LPT 44 tubes and an evaluation of alternate tubes,
which would not require extensive module modification will be
cotmpleted before converting the remaining sectors.

The 805 MHz system uses two different klystrons. The
Varian VA-862 and the Litton L-5120. As \hese wubes fa1
they are rebuilt and tenied at the LANL Equipment Test
Laboratory. Future direction may require replacement of
windows on some units. This may provide snother
oppartunity far LANL-Industry development.

Power Supply Controllers
The major improvement (o the d. c. magnes power supply

systems at LAMPF ig the recent design and introduction of a
new power supply controller that contains embedded

microcomputers. These controllers are being used in 25 new
supplies and in the magnet mapping area. The conuoller is
designed as a sell-contained unit that can be used in any power
supply.

In the LAMPF standard power supply design, a slepper
motor-driven polentiometer was used (o set outpul current.
These potentiometers have limited resolut.on, (1 part in 20(X),
are subject 1o mechanical problems and must be used as open
circuit input devices. This results in an anpreciablc amount of
down-time for service and makes tuning of the beam a time
consuming task. The new controllers have no moving
mechanical parts, can be set in milliseconds, operate as closed
loop controllers, and set themselves accurately w the desired
outpul currents. In addiuon the controllers have diagnostic
routines to assist the technicia»s in their repair back in the
power supply shop.

In the current LAMPF swandard power supply control
system there are 176 interconnecting wires between the remote
control, the reversing swiich and the power supply. The new
system does the same job with just 14 wires. In addiuon, the
power supply can be directly wired to the conurol computer by
two, twisted pairs of wires via an RS 422 port. The new
controllers use all digital logic except in the heart of the
reguletion loops. The new one-box design lends itsell 10
automated testing and computer-aided wouble shooung back al
the shop mather than manual diagnostics on 10 plus units in
the field. The controller software can be easily changed to
meet ne'w conditons as they arise.

The result of all of this is that the new controller is more
reliable, easicr 0 maintain, and lends itself o be easily adapied
o changing requirements.

Magnets

Magnets within the _AMPF and PSR arc continually
being evaluated o estimate when they may need w be replaced.
Spares are provided for many critical magncts so a sudden
failure would not result in a lengthy machine down-time.
Magnets which have provided only a limited life in a harsh
en 'ironment are being redesigned. The PSR septum magnet,
shown in Figure 2, is used as an example.

A septum magnet is used o further separate two adjacent
beams after they have been split. There is typically very little
space between the beam paths for heam pipes, coils,
insulation, and iron. Consequently the current density in the
coil septum is very high.

Inadequate cooling or ermant beams can cause overheating
and damage to the insulation resulung in ground currents. The
ground currents then contribute 10 the hesling and possibly
even damage the vacuum envelope,

Epoxy base insulation is subject 1o breakdown in high
radiation shields. High temperature inorganic (rad hard)
insulators also have limitations. The standard mineral
insulated conductors have a rather low packing factor and arc
not suiuable for the septum coil. Viwiol coatings are fragile
and arc sprayed alumina is susceptible to water damage. All of
these insulalors have been used in various magnet applications



Fig. 2 Spare PSR Septum Magnet

at L AMPF,

All techmgues histed above and any new possibihiies
should be reviewed for specific septum appheations i the
future w0 enhance magnelt rehability.

Improvements to Increase Duty Factor
Cooling Towers

Additional cooling tower ¢ells are needed to meet the
expanding expenmental needs. With increased duty factor,
addiuonal cooling will be needed for the accelerator and RE
systems as well. By providing o versaule cooling water
distribution system and interconnects, the system can be
optimized o meet ever changing needs.

RF Test Stands

201.25 MH/ and BOS MH¢ test stands in tue Engineenng
Test Laboratory Building huve previously been used to
condiion twbes and hlystron: . These test stands have been
uppraded and reconfigured 1o be versatile as development wt
stiunds. Components and circuits can be certified at increased
performance levels and proven tctishility before being
incorporated into Uw LAMPY accelerator.

Kiystron Efficiency

Beginning with ahe KY91 prodductuon cycle, hne
adjustments were made on ind.vidual klystron moduliators to
optimize efficiency. The hinutation on this approwch is that as
mudules necd o be removed during the operating penod, the
performance of the replacement modules will not be optimized
and efficiency will temporarily be reduced. An altermate, which
would also increase efficiency, would be to upgeade to high

efficiency klystrons.
Future Direction and Opportunities

Many differcnt operating modes are heing considered The
changes needed in LAMPF 10 meet vanious options are vastly
diffcrent in approach, complexity, and cost.

The present Medium Energy Physics program s directed
towards meeting the needs of users and providing for the
maximum number of simultancous experiments  This
program is supported best by improving the reliability of the
acceleralor at present operaung conditions and the addition ol
new beam lines providing new capabilitics

An upgraded proton storage nng program may well need
operaung of LAMPF for eight or ntore months cach year i
high availability. High power multi-MW beam applications
would require a new front end. One possibility i a volumg
ion source, radio frequency quadruple, longatudinal choppeer,
and 402.5 MHz dnft tube Lina
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