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APPLICATION OF PRECISION MECHANICAL ENGINEERING
TECHNIQUES TO THE DESIGN OF A MODERATE ENERGY BEAM
TRANSPORT FOR THE FAA EXPLOSIVE DETECTION SYSTEM*

R. Lajau and K. Christensen
L.os Alamos National Laboratory
.O. Box 1663, Los Alamos, NM 87545 USA

Abstract

This paper discusses the application of precision
mounting and alignment techniques 10 a moderaie energy
beam transport system (MEBT) used on the exit of a 1.75
McV RI‘Q. While frequently found in optical systems,
techniques such as kincmatic mounting, and degree-of -
freedom decoupling, are not as widely used for accelerator
components. The MEBT consists of one pennanent magnct
quadrupole, four clectro magnet quadrupoles, and one
debuncher cavity. Included in the paper are discussions of
design and fabrication considerations as well as, installation,
align:mncent and opcrations expericnce during the successful
implcmentation on a working accclerator,

L. INTRODUCTION

l.os Alamus Group N-2 (Advanced Nuclem
Technology) has undertaken a project to prototype an
accelerator-based system for explosive detection using the
nuclcar resonance absorption technique, We were asked to
provide the mechanical design for a beam transport starting,
al the end of the 1.75-McV radio licquency quadrupole
(REQ) to the target location, some 166 ¢cm downstream,
‘The physics design of this moderate energy beam tansport
(MERT) called for onc rare carth permancent magnet
guadrupole (PMQ) at the exit of the REQ, followed by two
clectro-magner quadrapoles (EMQ's), o debuncher cavity,
and finally two more EMQ's.

Our goal was to movide a 1obust mechamcal design that
would at the same dme cmploy some of the pecision
alignment echinigues found in optical systems for the
poswtioning, of the MEDT components in five of the six
deprees ol freedom.

In * «der (0 minimize alipnmem time we attempted
wherever possible, o decouple the deprees ol Treedon,
thepeby eliminating the time consuming, “cross (alk”
between the nxes,

Il DESIGN

The PMO used for focusing (he beam was mounted
ducetlyonta the downsueam vicimm covey ot the REQ

*Waork supported by the Federal Aviation Adonnstiaton aide

the auspices of the Unded States Department of Foergy

The four EMQ's and the debuncher cavity were mounted on
an edjustable support stand. The support stand consists of a
1.25 inch thick aluminum plate boited 10 a structural steel
frame adjustable in X, Y, and 7. The MEBT components
wcre aligned o the theorctical becam line within a
diametrical tolerance of .002 inch and they were aligned
azimuthally to the REFQ within 1.9° . A target asscmbly,
provided by the cxperimenter, was attached to the
downstream ¢nd of the accclerator.  Figurc 1 shows a
schematic of the accelerator wiith the targit assembly

e
:

SN RATE MIANT

ULBLN M H (AT

NACTOR

TARGI | ASM MR Y

ADARIARN T SIETONT S1AND

Fig. 1. Schematic of Aceelesator,

Several mechanical techniques were used (o follidl the
alipmuentsequirements of the aceeletator components, The
I’'MQ was held in the center of its holder with o Toletnce
Rinp.' ‘The azimuthal posttion of the 'MO was Lixed by
pinning, it to the holder nxing a standind 060 inch dimeter
dowel pin Another pain of standand (125 ainch diameter
dowel ps were ased o otient the MO and holder
nssembly o the REQ end Hange,

The EMO's were attached 10 hiematic moungs tha
were destipned o sllow o djustent i the Y daection
The Minenittie monuts nsed acdened steel elements for o
cone, vee proove, and that thar mated with commercially
avanlable hatdened steel wohing halls The elive posation
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in Y of the oling talls with respect © the magnehic center
of the 1EMQ was adjustable. “The woling, balls were each
attached o the end of a 5/8-24 threaded shatt which was
preioaded apainst a base plite. A dial indicator of 001 inch
graduations was mounted ncar cach of the thieaded shafis.
The dial indicators measnred the relative vertical
displacement of the :MQ. 1 y rotating th “hre + thievied
shafts until cach dial showed the same amount of
movement, true  vertical motion was ensured. By using this
system, it was possible to resolve the vertical motion of the
£MQ 1o 2 resolution of less than 001 inch.

To accomplish roll adjustment, cach EMQ was
mounted in a vee block and the 1EMQ was rotated with a
lever arm attached o the magnet ring,  Hatdened steel
weaning surfaces were attuiched to both the EMQ and o the
vee block to minimize wear and o ensure precise rotation.
Rotation was actuated by turning, a commercially available
threaded ball foot against one side of the lever arm. To
climinate lash, the lever ann was preloaded against the ball
with a commercially available spring plunger.

To provide adjustmentin the X direction, the assembly
was mounted on a commercially available dovetail slide
whose axis of wavel is perpendicular to the beam direction,
Figure 2 shows the EMQ ard its mounting system,
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g, 7. EMOQ and Mounting System,

Tiw debuncher cavity was also momnited on i system
stmibae to that of the EMOQ's. Proviseons for 1ol o josunent
10 the debuncher cavity were nol necessary,

HL FABRICATION

Alter fnal mayiete mappng ol the permanent magnet
quatdiupole, a0 Gl 000 poove wae machied imto s
onter nlunninum pecher The proave postiion wae 45 from
the north pole of the mapnet - Sabaequently, the (e and

posation ol the wmanmy dowel pean the holder were

carefully specified, ay were the mating, conditione, of the

outer dowel pius tor assembly with the end flange of the
REQ.  As a result, fabnieation of the PMQ holdar was
sumpliticd, and the need for tve aligament of the PMQ
was elimimnaied. Figure 3 shows the olerance specilications
assigned to the PMQ holder,
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Fig. 3. PMQ and Holder Assembly,

Our previous experience in the design of kincmatic
systes revealed that cones and vee prooves for kinematic
mounting devices having the proper geometty and hatdoess
arc not commercially available. Typically, they need to be
custom {abricated (or cach application. However, for the
EMOQ's and debunchier cavity we determined, that by using,
other readily available. inexpensive, hardened stecl
clements, the sime Kinematic effect conld be accorplished
Ear substantially less cost. A cone effect was accomphished
by wsing, a steel duill bushing, of hudness RC 62-64 and 50
inside diameter mated with a 625 diameter wooling, ball. A
vee proove clfect was necomplished by mounting two
standard SO0 dmewer steel dowel pins of hindaess RC 36
47, wali their axes patallel vo ciach other and perpendicutae
to the axis of the 98 24 threaded shafe The Tt ased in the
hinematic mount wis a commercially avinlable steel yest
button of hardaess RE AG A4S, Tpane 4 shows the thiee
clements of the hinemate mo it used for the EMOQ's and
the debuchier cavity

The two wear plates on the mapnet iy of each 1E-MQ)
were nade Trom A? tool steel “They wore premachined,
tendened, then atwhed o the EMO ey were then Liaal
pround concentne with o preceem alipsiment pime that wak
sized to the tow sde pole upe of cach FMQ Domg thy
cnsmed preowe rotation of the BEMO) about iy nagnetn

center "

'
Thes e hon al detenmmation of the mapnetn avs was wseld
I catine wome o the eveting Codue pals Lo ahige the mapness ase

Tad been damape Yonremoved
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Fig. 4. Elements ol Kinematie Mount

Fagure 5 shows the machinimg weehnique used lor machining,
the EMQ wear plates,
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IV INSTALLATION, ALIGNMENT AND
OPERATION

The next step was o mstll and abpn the MERT
components on the beambine. A Tine of sipht dvough the
K1) was estabhished wang, a Bounson model 160 Tine soope
stphiteny through the center of the mpecen and o backhit pan
hole 1 the exit end ot the RO The toue MO, the
detmncher cavaty and thea monnts were secaombled and
Invadly,
FMO™S 1 and 4 were poationed on thers mounts so tha all

prmed oo the top plate ol the suppost st

adpustnne weee monid vange A precaon (i pon haviage o

bk bt oo hole throaph e o wa ansosed anta the

centercof FMOS Tand 4 The fine establehied by the pan

holes at EMOQ's 1T and 4 was made colincar with the line
scope using the support stand adjustments. The remaining
two EMQ's and the debuncher cavily were brought into
position by using the X and Y adjustments while sighting on
back lit pin holcs «uch as those used on EMQ's 1 and 4.
The PMQ and holder assembly wits attached to the down
strea end lange of the RIQ. U\ Nnal opeaataaa o cheek
the repeatability of the kincmatic mounts was then
performed by lifting cach EMQ and the debuncher cavity
completely off their kinematce mounis then replacing, them.
No measurable X an 1Y displacement ol these eicments was
observed.  The anpular alignments of the EMQ's was
determined by the experimenters during assembly of the
bewn tube, A Quartz. window was installed on the end ol
selected sepments of the beam tube and cach EM) was
adjusted until the desired visnal beam spot was oblained.
The tarpet asscmbly was installed on the downstream end of
the beam tube to complete the assembly. Figute 6 shows
the completed accelerator.

Fip. 6. Assebled Beam Transport System.

V. CONCLUSION

The aceelentor was commissioned and experimental
data has been obtamed. During, initial instatlnon of the
beston tube and diagnostics and dating, roatine magintenance
i has been necessairy o remove and eplice the PMO),
I-MOYs and debundher cavity by disiissembling them at then
hiemate mounts  Fach tune they have been ceplaced on
the beam lme with no medsmable staft m thea positions
When it s neceasiny to e sudjust some ot the beam
clements, e hoadpaetment s newde predsetably and withom
ameer tor conpled monon etfects “The apphcation ol
precision medhamel enymeenng fechngques o the desapn
ol this acceleator has proven 1o e cllecnve



