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BEAM LINE WINDOWS AT LAMPF

R. D. Brown, D. L., Grisham, and J. E. Lambert
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Los Alamos, New Mexico

Abstract

The A-6 main beam-1line window at LAMPF separates
the vacuum of the main beam line from the 4isotope
production station, proton irradiation ports, and the
beam stop, which operate in air, This window must
withstand the design beam current of 1 mA at 800 MeV
for periods of at least 3000 hours without failure.
The window {s water cooled and must be strong enough
to withstand the 2,1 MPa (300 psig) cooling water
pressure, as well as beam-induced thermal stresses,.
Two designs have been used to meet these goals, a
stepped-plate window and a hemispherical window, both
made from a precipitation~-hardened nickel base alloy,
Alioy 718. Calculations of the temperatures and
stresses in each of these windows are presented.

Window Design

There are two primary sources of stress in bheam
line windows: the cooling water pressure (2,1 MPa),

which imposes an essentially static stress, and the
variable thermal stresses resulting from the beanm
heating, Keeping the window thin in the region hit by

the beam reduces beam heating and consequently thermal
stresses. For the first window designed (Fig. 1(a)) a
flat plate was reducved in thickness in two steps so as
to provide as thin as possible a window that can
withstand the stressea produced with the beam on., The
second, hemispherica. design (Fig. 1(b)) can be
somewhat thinner {n the center because of lower
stresses allowed by this design. The material chosen
for the window should have high strength at rthe
operating temperature, 8o as to allow a nargin of
safety under normal operating conditions, Materials
with high thermal conductivity are preferrcd, as this
minimizes the temperature rise {n the window, and
consequently, the thermal stresses, In addition, the
window material should not be susceptible to corroalon
fram the cooling water, which {s dissociated by the
proton beam and should not exhibit large reductions t{o
ductility at the high radiation fluences reached
following several thousand hours of operation,

Window Material

To achlieve sufficient strength in & flat plate
window, we choge Alloy 718, A nickel-base
precipitation-hardened allov, {ts strength (1030 MpPa,
150000 psi at room temperature) drops gradually up to

about 923 K, providing » useful safety margin
relative to the design conditions. This alloy {is
quite corrosion registan:, [t displays crather

slugg!sh precipitation kinetica and can thus he welded
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Fig. 1(n). The stapped-plate window,
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Fig. 1(b).
also of 20 cm diameter.

The hemispherical window,

with less risk of locally reducing its strength than
is the case for many other such allovs. This 1=
particularly useful in that our window design calls
for two circumferential welds, one to join the two
plates together, the second to join the window to the

vacuun pipe., Neutron f{rradiation testing of this
alloy has shown that for wsamples irradiated at
temperatures below Bll K and tensile tested below

700 K, the total elongation, while reduced, remalns
about 5%.2 This {9 certainly adequate for this
application, Irradiation effects on strength depend
strongly on temperature., As might he expected for a
preciptitation~hardened materfal, the tensile strength
may decrease., A study? comparing crack propagation
rates fn unirradiated control samples and samples
{rradiated to high displacement-per-atom levels at
811 K showed that with sinusoidal loading at n,l Hz,
growth rates of cracks were the same {n both casges,
Crack growth vrates in {rradlated samples exceeded
those in unirradiated samples by a factor of ten when
one minute tensile holds were added to thc loading
cycle, Alloy 718 {s thus less susceptible to larye
changes in fatigue crack Qrowth rate than are manv
other high strength allovs,

Calculations and Measurements

The two-dimennional AYER finite element code® (a4
used to calculate temperatures as a function of
ponition for a given geometry, Important {nput
parameters include the power {eposition as a function
of radial poaition, the heat transfer coefficient tou
the cooling water, and a tempurature-dependent thermal
conductivity, The power deposition {s  typleally
ansumed to be of Gausstan shape with a fullwidth at
half maxi-um of about 47 mm, This code produces a
Iisting of temperatures at each node point, which can
then he graphed as shown {n Fig, 2 for the two window
designm, In both canes, the zaro of the ahscienn {n
Fig. 2 corresponds to the window center. The
stepped-plate window temperatures are plotted e
radtun, while the temperaturus for the hemiaphevival
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Fig. 2. Temperatures for the two window
designs are compared. The hemispherical
window 1s 2.4 mm thick at centcr, the
stepped~plate window, 3.2 mm,

To monitor window temperatuces, sheathed
Lhermocouples are spo: welded to the window taces
using | cm square weid pads. This means that the
temperature read from the thermocouple exceeds that of
the window face by as much as several hundred degrees
for thermocouples located nearest *he beam centroid.
When comparing calculated with measured temporatures
we separately model the thermocouple and weld pad to
datermine the tempevature Lncrement to be added to the
calculated window temperature. When this is done, we
find that rue two values are typically within 50 C of
each other,

Having c¢alculatad the temperatures, tha TSAAS
cnded {9 then used to calculate the thermal stresses
{n the window., Further f{nput to this code is required
to specity the thermal expansfion coefficient and
elastic modulur as a function of temperature.
Additional {nformatfion c¢an bhe supplied as to the
scatic water pressure and external reatraints acting
ou the window, thun allowing full speciticacion of the
houndary conditicna, The TSAAS code computes the
atresses and strains, which may then he graphed for
eanv comparison am the design of the window (s
changed, Figures 3(a) and (h) whow the stresses
caleiulated for the stepped plate and Lhe hemisapherical
windows, Ar  summarized {n Table I, the thinner
hemisphettca) window shows hoth lower static atreuses
and a lower cycll: stresy amplitade,
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Fig, 3(a). Stresses vs position for the
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Fig. 3(b), Stresmes vs position for
the hemispherical window,




Table 1

A-6 WINDOW OPERATING CONDITIONS

3eam Temperature Stress Cyclich*
Current at Center at Center Stress Ampli-ude
window Design* mA C MPa psi MPa psi
Stepped - 0.75 448 -517 -75000 -
Plate 0 20 152 22000 334 48500
Hemispherical 0.75 282 -4 ~500 -
Window 0 20 42 6100 A 6600

~stepped -plate window is 3.2 mm thick at center; the hemispherical model

is 2.4 mm thick.

**Cvelic stress amplitude = (Maximum stress-minimum stress)/2.

Conclusions

Finite elemeunt calculations have been used to
examine the temperatures and stresses i{n two beam line
window designs, A hemispherical design has the
advantages of lower static and cyclic stresses and is
currently used at LAMPF.
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