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Sumuary

The Los Alamos Clintor P. Anderson Mcson Physics
Facility's (LAMI'F's) beam contains 800 kwy ot power and
passes through three pion production targets in series
before beiny deposited into un isotope production sec-
tion and beam dunp. The first two targcts are rotating
graphite ringe that are radiatively cooled. The third
pion production turget is a water-cooled graphite slug.

Beam Conditions

LAMPF intends to attain a proton beam curreat of

1 mA at B0O McV. This peam is focused to pass through
three pion production targets In series. The first
target (A-1) provides w* and 7" particles for two ver-
tical bend channels, and requires a beam spot size of
the order of )} mu high by S to 10 mm wide. The second
target (A-2) provides large numbers of =* and =~ parti-
cles for a high energy pion channel and a stopped muon
channel, and requires a beam spot size 2.5 rm Ligh by
5 to 10 mm wide. The third target provides large num-
bers of n- particles to a vertical bend biomedical chan-
nel (A-5) and requires a beam spot that is 5 mm in di-
ameter. The beam has a macrestructure dictatced by the
pewer-dissipating capability of the rf power tubes.

The beam is on for 0.5 ms, at a planned current of
«17 mA, then off for 7.83 ms (6% duty factor). There-
fore, the power in the beam, while it is on, is cx-
pccted to be 13 MK, This surge of power is delivered
120 times/s und thermally shocks materials. The prob-
lem of targetiny at LAMPF is that of devising a method
to pass the proturn beam through targeting materials at
instantancous becam power levels up to 100 Mi/cmd,

History

Target development was underway in 1965, under the
direction of Donald R, F. Cochran. This work involved
the transfer of heat from an electrically heated graph-
jite rod to an annular, axially flowing water coolant
Heat transfer rates of about 2.5 kW/cm* at hurnout were
obtained. Electrical hcating tests continued on graph-
{te rods throughout 1966. Sleeves of BeQ survived heat
transfer rates of 1 kW/cm? across the wail thickness
when heated internally by a graphite electrical resis-
tance rod and cooled c.ternally by axially flowing wa-
ter. Graphite heating clement tailure limited testing.

The ye1r 1967 was cccupied with preparing an irra-
diation station and test targets for the Electron Pro-
totype Accelerator's (EPA'S) 20-MeV, l-mA, 6% duty fac-
tor, electron beam. Brazirg and coating techniques for
g iphite targets were developed.

By @1d-1968, EPA was ready for use in the target
development program, and targets were tested with elec-
tron beams until the end of 1971 when EPA was shutdown.
Figure 1 indicates the concept of the water-cooled cig-
arette shaped tavget that evolved. The use of EPA in
target testing was traught with {rustration, since it
was difficult to kcep the electron beam properly cen-
tered and defnucused. Moving the beam of f center would
cause excessive jacket temperatures, and a focused beam
was capable of vaporizing the target. In mid-1970,

*Work perturmed under the auspices of the US ERDA.

Kar) L. Meier joined the target development effort and
enhanced the calcularional and experimental pregrams.

Serious consideraticn of the design of the experi-
mental arcas was begun during 1968. Despite the fluid
nature of the design of the beam lines, it was possible
to corbine requirements for shiclding, remote handling,
utilities, and beam linc components into a unified, com-
patible system.l One facet of this system _oncerned
target mechanisms, It was expected that targers would
requite frequent replacement; therefore, the tarset-
holding mechunism was visualized as extending from tne
beam line out through sufficient shielding so thatutil-
ities and vacuun-sealing interface could be maintained
by hand. As indicated in Fiyg. 2, targets were to be
mounted between twc water lines, much as the rungs of a
ladder. The water lines extend through a shield plug.
Vacuum scals and a drive system are located at the top
of the plug. The targets are positiored by raising or
lowering the water lines. The targets are replaced by
removing the shicld plug and transferring it in a shield-
ing cask to a hot cell.

“he secondary beam line designs were firming up
during 1369-1571, and it became possible to censider
what the opt.mim tuarget configurations should be.

There was a gceneral desire to have a higher density
than graphite, with no ~aterial between the becam and
the secondary channe). There was concern that the small
spot size at the first target could cause leakage prob-
lems duc to beam misstecring, whch had so often happened
during the EPA testing program.

Various nes targeting concepts were advanced.
Those that progresscd into prototype hardware included
(1) a flat ATJ graphite rectangle, canned in stainless
steel with water flowing over the top and bottom sur-
faces, provided a beam-spot-shaped target, minimizino
material not in the flat beam spot. Electricall: heated
targets failed because the water coolant flow separared
from the target's flut surfaces, causing hot spcts.

(2) Another target assembly rcsembled a band saw with
the blade acting as the target and the drive wheels as
a heat sink. A target of this nature would provide a
secondary particle source that is thin on one diwen-

sion. Interest in this scheme declined when attenpts
to develop a radiation-resistant rotating scal failed.

(3) The band-saw concept invclved blade cooling by both
rediation and conduction to the cooled-drive wheels.

The amount of heat conducted across the interface bLetween
blade and wheel is a difficult quantity to estimare, and
one tends to rely more on the radiation losses. This led
to wrapping the blade in a circle and attaching it to a
hub with spokes--3imilar to a bicycle wheel. The wheel
must rotate to spread out the inpur power, and it needs

| (PSRN Uy T
e . .

Fig. 1. Weter-cooled cigarette-shaped graphite target.
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some size to provide suffi-
cient radiator area. Calcu-
iations for 2 wheel made of
99% molybderum alloy (TIM),
retating at 34 rpm and dis-
sipating 15 kW of cnergy to
the target box walis, in-
dicated an average tempera-
turc of 2150°K.

Wheel targets of molyb-
denum and graphite, 12 cm
diam, 2-mm-thick rims, sup-
ported on four spokes, and
rotated at 160 rpm, were
tested in the electron beam
of EPA in 1971. The heli-
cal gears driving the wheels
consistently gave trouble,
and prevented any meaningful
results. The drive system
was rebuilt using bevel
gears [one of Ampco 18 (alu-
minum bronze alloy), the
other of cast iron, and both lubricated with a mixture
of MoS,, Sb,05, and a polyimide binder]. A grapnite
wheel was irradiated by tie EFA beam for 20 h, and at-
tained temperatures from 145¢ to 1600°K.

Fig. 2. Original concept.

The EPA served its primary, purpose of providing
design input for the LAMPF accelerator, and it was shut-
down at the end of 1971. At that time it was felt that
two targeting schemes had been shown to be capable of
being used as LAMPF's pion production targets. They
vere (l) water-coulrd graphity, cigarctte-shaped tar-
gets and (2) radiaticn-cooled, retating, graphite wheel
targets. The whe2l targets were favored, and prelim-
inary designs of mechunisms to support and rotate the
targets were prepdred for each target station.

The construction of the LAMPF accelerator had pro-
gressed to the stage that it was possible to use¢ a 100-
MeV proton beam for rarget devclopment; a facility was
developed for this work in 1672, An ambitious program
of rurget ivrradiations was plannea with three targets
poised to be tested. These were an ATJ graphite
radiation-cooled wheel for use at A-]1 and two water-
cooled, clgarette-shaped, graphite targets, which were
now proposed for A-5 at thc biomedical facility. Due
to tight scheduling of the 100-MeV proton heam and in-
terference with continuing accelerator construction,
only the wheel target was tested. Irradiation with an
average current of 310 uA of 100-MeV protons lasted for
30 h, and produced target temperatures in ex:zess of
those anticipated for the 1-mA, 800-MeV pion production
targets. The target wheel appeared to be undamaged.

Target Mechanism

The first two pion production targets are radia-
tively cooled rotating graphite wheels. The wheels
have an outside diameter of 30 em, and are handled by
a fork attached to their hubs. A requirement existed
in 1972 to have at least threes targosts of various
thicknesses and compositions poised for rapid place-
ment into the beam. The tergets are conveyed in a
sled through a channel formed in the shislding by driv-
ing aside two long shielding bars. The fork on the
target is seatad into a socket on the mechanism by
the pushing action of the sled. Tne socket is rotated,
thereby 11lfting the fork and the target out of the
sled, which is then withdrawn back through the shielding.

The A-1 target mechanism was designed to handle
the targets much like a nickelodeon, and it becare known
as "the juke box" (Fig. 3). Threo target fork-holding

sockets were threaded onte o rod.  [he targets mere de-
livared by sled ta the positian of the right-han! wheel
(Fip. 4\). To put that targe- into the beam regored
the 180° rotatior of its socket {Fi,. t8) and then a
horizontal transiation up beam cnto the rigidly ~_uanted
Jdrive spindle (Fip. ). Sufficient trinslatica Jiv-
tance is available to permit putting a~y of the tiree
targets onto the drive spindle (Figs. sD-E). The mech-
anism is 40 by 40 by 430 rm, and weighs 7 tons. Tie A-l
targets have a maximun required beam dircction thickness
of 3 cm. The A-2 tuarret wheels have a paralleicgran
cross-section.l shape, with bcam direction width of 2 cm
and a length of 6 cm. The acute angles are 267, uiving
the parallelozram a lcngth of 12 cm and requiring a rfork
width 4 times grcater than that required for the A-1 tar-
gets. This would require an A-1 type mechanism 160 cm
wide, taking entirely too much space aleng tiie beanm line,

The A-2 target mcchanism has its three turget fork
sockets mounted on the pevimeter of a Jdrum. This ar-
rangement resembles a Ferris wheel (Fig. 5). The drive
spindle is translated Jdown beam to rotate the active tar-
get. The unit is €1 by 11 by 790 em, weighing 14 tons.

Both the A-1 and A-2 mechanisms are ro'led into
vacuur charmbers that voxtend threough the stacked shield-
ing and aztach to the proton and secondary bean lines.
The vacuum seals, drive motors, and cooling connections
are accessible for hands-on maintenance. Motions arc
obtained by rotating shafts that have universal ijoints
or flexible cables to accomnodate the steps In the rad-
iation shiclding. The targets were to be insertced into
the conveyor sled through a vactum interlock, since a1t
was predicted that beam pump-down time w~ould be too long
to allow venting to atmospheric pressure. Schedulc and
budgetary constraints preciuded the acquisition cf the
vacuum interlock components. Actual pump-down tizes of
only 4 h obviatc any time advantages of vacuum intcer-
lock transfers; there is ro plan to institute thuen.

The A-5 target mechanism was of the type proposcd
in 1968 (see Fig. 2). A biomedical ticatment was visu-
alized to require frequent turning off of the proton
beum during the insertion and removal of targets. This
was expected to cause 2 problem with the users of the
other beam lines, und a 3-s beam-orf goal was reguaested.
This meant that a few hundred pounds of pipe containing
water tubing and shielding had to be lifted 20 ¢n in 3s.
An electrohydraulic stepping motor, 8-hp capacity, was
used to provide an adequate amount of power and precisc
position control. Additional target travel was providal
to raise the targets a sufficient distance to clecar the
gate of a horizontal vazuum valve. Closing the valve
would allow removal of the whole mechanism without dis-
turbing the beam llne vacuum. The inability to tind a
rugged and dependable radiation-resistant vacuum valve
and concerns about radiation heating of the thermally
isolated gate of the valve resulted in lts elimination.

Fig. 3.

The A-l target mechanism,
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Fig. 4.

Operating Expericnce

The A-1 target mechanism was installed during
September 1973; one of its typical drives consisted of
a motor, clutch, rotary vacuum scal, 7 universal joints,
2 pairs of bevel gears, and 1 flexible shart - mounted
on several stainiess steel ball bearings. The runninyg
frictior wvas greater than culculated, and larper drive
motors were required.  The accidental openming of a vace
unn valve sent an air sheck wave past a taryet, bending
it so badly that it could not be rotated into the sled
for remote rcmoval, and necessitating the removal of
the whols mechanism. The initial fiexible shaft failed
after 120 h of use, duc to overflexing, and a U-joint
seized after 360 h, causing a drive shatft to fail. R
mrthod of actuatin; the indicator switches caused dis-
tortion of the wvtal-ceramic switches, resulting in
their failure to perform reliably. Minor fixces hept
this mechanism operating until Deceaber 1974, when
LAMPF shut down fer facality upprading. A new tarpet
mechanism was installed in March 1976, and has run to
date (March 1977) with cnly one flexible shaft failure
(the shaft may have been defective). A 190-_A bean
striking the nonspinning 3-cm-thick ATJ graphite target
for about 830 h resulted in only minimil visual altera-
tion of the target. The new mechanism had larper drave
motors, soric of the U-joints were replaced with tlexible
shafts, the sochet 180° rotate worm gear was runlaced
with a rack and pinion, the socket sliding motion was
roller mounted, and the position switches were fitted
with actuating linkages.

The A-2 target mcchanism was completed late, and
flag targets of Ta, ATJ graphite, and Aia03 were used
for the 1-2 pA initial LAMPF beams. The Ferris wheel
target mechanism was installed in January 1974, and
operated until December 1974, with only a shaft-binding
problem (fixed with the addition of a bhearing). A new
target mechanism was installed in March 1976, incorpo-
rating the same improvements as for A-1. The first tar-
get used with the new mechanism experienced hub failure
due to rubbing, cuused by either improper dimensions or
assembly. The failure was not detected, and atrempts
to0 cycle to another target causcd component bending.
The high induced radinactlvity levels of the mechanism
required it to be placed in hot cells for remote repair.
Only some of the functions were restored, and operation
was limited to use of one wheel. While the second mech-
anism was being repaired, the first one was used;
clutch fallure was experienced due to excessive drag of
the spin drive. Its tarper remained stationary for
1000 h of 100-uA operation, resulting in a crack along
the beam path and a white coating over the heated zone
(probably caused by the oxides of the graphite Impuri-
ties). An earlior test run of a 6-cm-thick Al:03 wheel
with a 35-pA beuan resulted in a brown discoloration and
fracture of the wheel.

. v
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Fig. S.

Target mechanisn,

Target shifting sequence.

A recent failure of two of the four turget wheel
support spokes fone melted and oae had 3 brittle frac-
ture}, caused a recviluation of the wheel design. A
solid flanged wheel, resembling a railrcad car wieel,
is underypoing trial tests as a pion production taract.

Both the A-1 and A-2 target systems may now be con-
trolled at the LAMPF Central Control Room Ly pushinn
the appropriate instruction button eon a card program-
mabic function panel.- 1f a secauence failure develoars
in the mechanism, a message is displaved explaining the
problem; thuy, onerating personncl do not have to learn
the intricacics or each mechanisn.

The electrohydraulic st:pper motor driving the A-S
biomecdical target had considerably more intermnal fluid
leakaye than claimed, requiring almost continuous ofer-
ation of the rather small hydraulic punp that powered
the circuit; excessive pump wear and s) stem degrada-
tion resulted. The system nas been improved with a
larger purp and noter recbuilding. The water-cooling
circults for the taryet have only recently been ex-
tended to the tarpet svsten. Initiel attempts to use
water-cooled taurgets were .ibandoncd when the metallic
water seals leaked, probably hecause the seal surfaces
on the riechanism had been damaged during the previous
three ycars of use (holdirg radiation-croled targets).
A J-cm-diam by 3-cm-lony pyrographite cvlinder sun-
portced by Mo wires was used with up to I5-uA beams. A
2 by 8 by 20 em pyropraph(te slab is now being used at
currents up to 200-uA.

Future Plans

The problems experienced with the intricat - mech-
anisms required to provide a fast three-target inter-
chan¢e capability has rerulted in an operations' deci-
sion to utilize only one tarpct wheel, rmountced on a
rositive drive svstem (prnbably chain), with the
ability to move the tarcet out of the tean. There 13
no longer a speed requircement for the biomedical tar-
get and the electrohydraullic stepper motor will be
replaced by an a.c. gearmotor, Th® A-5 target will be
a single graphite slab, conducting its heat to water
tubes.
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