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Suns~ar-

The Los AlxIIos Clintol P. .h!crson !.fcson Phy>ics
Facilit~”’s (1.d!Jl’F’s) Ltam cofltuins 800 hi 01 p,jwcr oncl
passes throllflh three pioli production targets in series
before bcinu clcpositcd into tin isotope production sec-
tion and beam J’ixp. The first two targets arc rctating
graphite rinL> th~t arc radiatively cooled. The third
pion production target is a ~ater-cooled graphite slug.

Beam Ccmditions

LMIPF intends to attain a proton beam currciit of
1 MA at Boo WV’. This iwam is focused to ,jass through
three pioll production tarzcts in series. The first
target (A-1) proiridcs ‘n+ and “m- particles for two ver-
tical bcncl channels, and rcqu~rcs a bca” spot si:e of
the order of i MM hiph by S to 10 mmwide. The second
target (A-2) provides Iargc numbers of n+ and ~- parti-
cles fnr a high energy plon cn~nncl anu a stoppcJ muon
channel, and requires a bca.m spot size 2.5 mm high by
5 to 10 mm wide. Thu third target provides large num-
bers of n- partic!cs to a vertical bend biomedical clun-
nel (A-5) and requires a beam spot that is 5 mm in di-
ameter. The beam h~s a nmcrcstruct~re clictatcd by the
Pcuer-dissipating capability of ttic rf power tubes.

The beam is on for 0.5 ms, at a planned current of
-17 M, then off for 7..93 ms (6’, duty factor). There-
fore, the poucr in the beam, while it is on, is ex-
pected to bc 13 KIN, This sur~e of puwcr is delivered
120 times/s und thermally shocks materials. The prob-
lem of targetin? M: LLWF is that of devising ~mctlwd
to pass the protu!; lJcam throu~h targeting mutcrials at
instantaneous bcom poucr levels up to 100 MK/CnJ2.

m

Target dcvolopinent was underway in 1965, under the
direction of Donald R. F. Cochran. This work involved
the transfer of heat from an electrically heated graph-
ite rod to an annular, axitlly flowing water coolant
Heat transfer rates of about 2.5 kW/cm2 at burnout were
obtained. Electrical hcuting tests continued on graph-
ite rods throughout lSfm. Sleeves of BeO survived heat
transfer rates of 1 kK/cm2 across the wall thickness
when heztcd lntcrn:llly by a graphite electrical resis-
tance rml and coolml c.ttcrnnlly by axial!y flowing wa-
ter. Graphite heuting clvmcnc Fflilurc limited testing.

The ye~r 1967 was cccupied tiith preparing an irra-
diation station and test targets for the Electron Pro-
totype Accelerator’s [EPA’s) 2b-VeV, l-mA, 6% duty fac-
tor, ●lectron beam. Brszing and coating techniques for
g“lphite targets were developed.

By mid-19613, EPA was ready for use in the target
development progrm, and targets were tested with elec-
tron beam until the cnd of 1971 when EPA was shutdow’n.
Pigure 1 Indlc.ltes the concept of thewatt?r-cooled cig-
arette shaped ta!’gut that evolved. The use of EPA in
target testing was Fraukht with frustration, since it
was difficult to keep the electron beam properly cen-
tered and defocused. }!oving the bemm off center would
cause excess~vc jacket tcmpcriitures, and a focused beam
was capable of vaporl:ing the tnrget. In mld-1970,

●Work perfJrmed under the auspices of the US ElWA.

Kar] L. Kfcier joi]:ed the target dt?velopmcnt effort and
●nhanced the calcularional alla experimental prcgrms.

Serious consideration of the design of the experi-
mcntnl areas was begun during 1966. Despite the fluid
nature of the design of the beam lines, it was possible
to corbil,e requirements for shielding, remote handlirg,
utilities, and beam Iinc components into a unified, com-
patible system.1 One facet of this SYS:CTI :oncerned
target mechanisms. It was expcctcd thut targets b’oulti
require frequent rcplacerrcnt; :biereforc, the targct-
holding mrch~nisn was visualized as extending frcn tne
beam line out through sufficient shieldin?. so that utll-
ities afid vacuun-scalinf! in.tcrfacc could be maintained
by hand. AS indicated in Fig. 2, targets were to bc
mounted bctwccn two water lines, much as the rungs of a
ladder. The water lines extend through a shield plui.
Vacuum seals and a dri}’c system are located at the top
of the ~lu~. The targets arc posieiuned by raising or
lohcricg the batcr Iincs. The tar,gcts are replaced by
removing the shield plug and transferring it in a shield-
ing cask to a hot cell.

me secondary beam line dcsisns were firminr UP
during 1369-1571, and it bccane possible to consider
what the opt 1::..m t~~gct configurations should bc.
There was a general clesirc to have a higher dcnsitv
than graphite, with no mtcrial between the hc~~ and
the secondary channel. There was concern thar the mrmll
spot size at the first target cou!d cause Icakage prob-
Icms duc to beam misstecring, whch had so often hap~ned
during the EPA tc~ting program.

Various ncx targeting concepts were adv.?nccd.
ThOSe that Frogrc.sscd into prototype hardware incl~dcd
(1) a flat ATJ graphirc recran~lc, canned in rtolllless
steel with water flewing over the top and bottom sur-
faces, provided a brain-spot-shaped target, minimizing
material not in tl-.c flat beam spot. Elcctricall:f hmttd
targets failed bccausc the water cool~nt flow separated
iron the target’s flut surfaces, causinr hot srrts.
(~) Another target assembly rcsembletl a band saw with
the blade acting as the t~rget and the drive uhecls as
a heat sink. A target of this nature WN.IILI provide a
secoilda~ particle source that is thin on one di~cn-
sion. Interest in this scheme declined when atteapts
to develop a radiation-resistant rotating seal failed.

(3) The band-saw concept invGl\ed blade cooling by both
rrdiation and conduction to the cooled-drive wheels.
The amount of heat conducted across the interface l.etw~n
blade and wheel 1s a difficult quantity to ●stimate, and
one tends to rely more on the radiation losses. This lcd
to wrapping the blade in a circle and attaching it to a
hub with sookes --similar to a bicvcle wheel. The wheel
umt rotat; to spread out the inp;t power, and
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Fig. 1. h%ter-conlcd Ligmrctte-shaprd graphite target.
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result.!. The drive systcm

Original concept. was rebuilt using bevel
gears [one of hmpco 1S (alu-
minum bron:c alloy). the

other of cast iron, and both luhricatcd with a mixture
of Mosz, sb203, and a polyizide bin~cr]. A graphite
wheel Has Irratiiated by tile CF\ bcnm for ~0 h, and at-
tained tcinpcratures from 1456 to 1600”K.

The EPA served its primarl purpose of providing
design input. for the LNIPF accclcrator, and it was shut-
downat the cnd of 1971. At that time it was felt that
two targeting schemes had been shown to be capable of
being used as L\WF’s pion production targets. They
were (1) katcr-coulrd graphitti, cigarette-shnpcd tar-
gets ant (2) radiatlcn-cooled, rctating, g~aphitehhcel
targets. The wheel targets here favored, and prelim-
inary designs of mechanisms to support and rotate the
targets w’cre prepdred for each target station.

The construction of the LNPF accelerator had pro-
gressed to the stage that it was possible to use a 100-
MeV proton beam for f’arget deticlopmcnt; a fociliry IJnS
developed for this work iII 15?2. An ambitious program
of ?mrgct irradiations was planned with three targets
poised to be tested. These were an I\TJ graphite
radiation-cooled wheel for usc at A-1 and two sater-
coolcd, clgarct*e-shapt+, graphite targets, which were
now proposed for A-S at the biomedical facility. Duc
to tight scheduling of the 1OO-MCV proton beam and in-
terference with continuing accelerator construction,
only the wheel target was tested. Irradi~tion with an
average current of 310 UA of 100-MoV protons Iastcd for
30 h, and pr~duced target tcmpcraturcs in ex:ess of
those anticipated for the l-mA, t300-NeV pion production
targets. The target wheel appeared to be undamaged.

Tmrget Mechanism

The first two pion production tarfiets are radia-
tlvely cooled rotating graphite wheels. The whenls
have an outside diameter of 30 cm, and are handled by
● fork attached to their hubs, A requirement ●xisted
in 1972 to have at Iaasit threb targets of various
thicknesses and compositions poised for :apid place-
mnt into the beam. T+e tprRets are conveyed in a
sled through a channel formed in the shltsldlng by driv-
ing ●side two long shielding bars. Tha fork on the
target is seated into a socket on the mechanism by
the pushing action of the sled. Ttne socket is rotated,
thereby Ilfting the fork and the target out of the
sled, which is then withdrawn back through the shielding.

The A-1 target mechaniam was designed to handle
tho tsrgets much liko a rrlckelodeon, and it bec=ie known
u “the juke box” (Fig. 3). Throo target fork-holding

The A-2 taz’get mechanism has its three tar~ct fork
sockets mounted an t!)c pcrimctcr uf a drum. This or-
range!nent rcscnblcs a Ferris wheel (Fig. S). The drive
spindle is translated down beam to rotltc t.hc active rar-
get. The unit is 64 by 11 by 790 cm, ~cighing 14 tons.

Eloth the A-1 and A-2 mechanisms arc ro!led into
Vaw.ut, chambers that sxtcnd thrcugh the stnctrd shicl,J-
ing and a:znch to ?hc proton and !iccondary beam lines.
The vacuum seals, drive motors, and coolinK connections
●re ●ccessible for h.mds-on m~intcnancc. Mutio!;s a:c
obtnined by rot~ting shi:ftr that have universal joints
or flexible cables to accommodate the steps in thr rd-
iation shielding. The targets were to be iasertcd into
the conveyor :ICLI rhraugh a vacuum intcrloc!:, sifi:c I:
was pred:.ctcd that bum pum~-dowm time .ou]d bc too 10IIC
to allow venting to .ntrosphcric prcssurr. SCIIWIUIC .I:lJ”
budgetary constraints prcciudcd the acquisition cf t!lc
vacuum interlock components. t.ctual pwp-doun t:-.rs of

only 4 h obviate any tine advantafies of vacuum in:cr-
lock transfers; there is r.o plan to institute then.

The A-5 target mechanism was of the type prcposcd
in 1968 (see Fig. ?). A biomedical treatment sn$ visu-
alized to require frequent turning off of the proton
bcsm during the Insertion md rwnoval of tmrgcts. Ibis
was exFected to cause a. problcn witf the users of the
other beam lines, und a 3-s bc~m-crf goal WaS rcq-lcstcd.
This meant that a few hundred pounds of pipe containinfi
water tuhlng and shielding had to bc Iiftcd 20 ca in 3s.
An electrohytlraullc stepping motor, 8-hp capa~ity, wns
used to provide an adequ~te omount of power and prccisc
position control. Additional tar~et travel was provided
to raise the targets a sufficient distance to clrar tho
gate of a horizontal vacuum valve. Closing the valve
would allow removal of the whole mechanism without dis-
turbing the beam llnc vacuum. The inability to find a
rugged and dependable radiation-resistant vacuu,m valve
and concerns about radiation heating uf the ther%nlly
isolated gate of tho vulvc resulted in lts climin~tion.

FAg. 3. me A-1 target machanism,
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Fig. 4. Target shi ft ing sequence.

A?l?K!uL”JExpcricncr

The A-I target mechanism wns installed during
Scpterahrr 19-T; one of its typicnl drives consistuJ of
a motor, clutch, rotary vacuua s.:~1, 7 univcrsnl jolrits,
2 pairs of bevel Ecars, and 1 flexible shal”t - mounteJ
on several stalnicss stru] ball bcarinzs. The r~::lning
frictior has grc:]tcr th:ln cdlcul~tcd. and lilrpcr dri.;c
mor.ors were ruq:lircd. I’tt? Jcr]tlcntul oprnln~ of a vac-
uum valve sent an :Iir shcch huvu ;lJst J tlr~:tt, l~cnding
it so badly that it could not bc, rotated into the .sIe,l
for remote removal, und ncccj:lltatin~ the rcmav:ll of
the ~holn mechanism. The initi~l ficxiblc sh~fr failml
mfter 120 h nf USC, duc to o~.’crflcxlnc, and z U-joint
seized after 360 h, cau$in~ a drive shaft to f;lil. Th ~
mrthod of actuatin!: th:, int!icfitur skitchcs couscd dis-
tortion of the w..td-,-cramic s~ltchr:s, rcsultinE in
their fiLilUrC to IJL’rfOrT rcliat)ly. Miller fixes I.cpt
this mechanism o[~..l”~tin~ until Dcccmhcr 1974, when
L&lPF shut dobm fcr f:lcllity up~r&ling. A ncw target
mechanism has instal]cd in ll~rch 1!)70, and h:ls run to
date (March 1977,! with cn!y onc ficxibls shaft f:li lure
(the shaft m~y havr becrt dc$cctivc). A l!)i)-_A hu:m
striking the nonspinnin~ 3-cm-t!licL. AT.] ~r::p!litc target
for about 830 h resulted In only minimil visuul altcr,l-
tion of the tar~ct. The ncw mrch~nisrn had lar~cr drlvc
rotors, sonc of the U-joints were repl~ccd tilt’, fl~xiblc
shafts, the sc!chct lSOO rotate horm gc~r was rL:llJCCd

with a rack and pinion, the socket slldin,g motion WJS
roller mounted. und the position switches l~crc fitted
with ●ctuating linkages.

The A-2 target mechanism was completed late, and
flag targets of Ta, ATJ Erapliitc, and Ai~03 were used
for the 1-2 DA initial I.WPF beams. The Ferris uhucl
target mcchnnism was instulled in Jtinuary 1974, and
operated until L)ccembcr 1974, with only a shaft-bindinE
problem (fixed with the addition of a hc~ring). A ncti
target ❑cchaaism was installed in March 1!):(1, incorpo-
rating the sam2 imprnvcmcnts us for A-1. The first tar-
get used with the ncw mechanism cxpcrienccd hub failure
due to rubbinR, cu:lscd by clthcr improper dimensions or
●ssembly. The fmilure was not detected, and attempts
to cycle to nnothcr target saLIscd component bcndin~.
llte high inducc~ radinactlvity Icvcls of thr mechanism
required it to bc placed in hot CC1lS for remote repair.
Omly somo of the functions were restored, and operation
was limited to use of one wheel. Mile the second mech-
anism was being rcpmired, the first one was usml;
clutch fallurc wns cxpericnccd due to cxcessivc drag of
the ap~ndrive. Its target remained stationary for
1000 h of 1OO-UA operation, resulting in a crack along
the beam path and u ~hitc coiitinc over the heated zone
(probably caused by the oxides of the gra~hlte impuri-
ties). An earli?r test run of a ti-cm-thick Al~O wheel

fwith a 3S-LM bcxl rrsulted in a brown dlscolorat on and
fracture of the wheel.

<~.,
--- _—

‘. -1- -. .— —- . - ..-.-*-
)

E
Fig. S. Target mechanism.

A rcccnt failure of th’o of the four ttir~ct shcel
support spokes font melted and O,:C had ~ brittle fr:lc-
ture?, causcd a rcr-:lluation of the tihccl design. .[
solid flancc.1 Khccl, rcscmblin~ a r~ilrcad c~r !+~.c-cl,
is undcrgoinR tri~l tests as a pion nrod:.cciGn tar<ct.

Both the A-1 and A-2 :ar@ct systems may no~ be con-
trolled at the 11’!PF Central Con:ro: Roo-, LV pushinm
the z~!:rc)prl~tc instr~ction tn.tton on a :tird pro:rom-
m:]hlc tunction pancl.- If a scoucncc failure dc~:elo-s
in the tncch~nisn, n rwssace i; displayed cxplai]lin~! Chc
problcm: rhu$, oncratln~ persGnr.cl do not have to learn
the intricacies of each ;Icchanism.

l%e ●lectrohydrnulic st:ppcr motor driving ?hc A-5
biomedical target had cor?sidcrnLlly more intcnlal f!uid
Ieaka!le th~n cluincd, rcquirin; almost continuous opcr-
aticm of the rather Small h!’dr;,ulic pwy that powered
the circuit; excc=sive p:mip wcor and sjctcm degrd~-
tion resulccd. The systcm nns been inprovcd with a
Iargcr purrp and n,otcr rebuilding. llc ●zter-cooling
circukts for the t,ar~:et haic only recently been cx-
tcndetl to the tar~ct systcrl. Initii,l attmnpts to usc
water-coolebl t:.rguts ticre .iban,ionci.i whcll the mctaliic
w~tcr seols lc~kr.1, probohly bccausc the seal surf~ces
on the nccihnnism hfid been dama~:cd durinc the prci,iaus
three )cnrs of usc (huldirc r;ldiation-cl..olcd tar,ccrs!.
A 2-cm -dizm by $-cr, -lon.g I)yro,crn:!hitc ci. lindcr .su?-
porttd by !to wires wns usvrl with IIp to C5-dA bcums. A
2 hy 8 by 20 cm p}~of!raphttc slab is now bcirtg used at
currents up to 200-IA.

Future Pluns—.—

The problems experienced ~ith the intricat mech-
anisms required to provide a fast three-target intcr-
chanuc capability has resulted in m operations’ deci-
sion to utilize only onc ttir~ct wheel, ~ountcd on a
positive drive systcm ~~robitbly chain), ttith the
ability to move the tarctt out of the bc.m. There IS
no longer a speed rcquir~ment for the biomedical tnr-
gct and the ●lcctrohydr~ullc >tcppcr motor uill be
replaced by an a.c. Reannotor. Th? A-S target h’ill be
a single graphicc slab, conducting its heat to Kater
tubes.
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