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Sugpension system of the Banel Toroid cold
m ass

C .M ayr, C .Berriaud, S .Cazaux, A .Dudarev, A .Foussat, Y .Pabot, JM Rey,M .Reytier,
H.=nKate,Z.Sun,P.Vé&drne,Y . Zaitsev

Abstract- The ATLAS Barrel Toroid oconsists of 8 racetrack
coils sym m etrically placed around the LHC beam axis. The coil
din ensionsare 25-m of length, 5-m ofw idth and 1-m of thickness.
Each oold mass is held m is cryosat by different types of
supports. The paper describes the design, the tests and the
behaviour of each elem ent during on surface test of mdividual
coils.

Index Temm s— C ryogenic stop, friction, siding system , tie rod .

I NTRODUCTION

he eght cofls of the ATLA S Banel Toroid m agnet [1] are

subm itted t© the gravity I different direction according to
their Jocation 1 the toroid, t the themm al shrinkage during the
cool down or the wam up and to the magnetic centripetal
forces once the magnet is energized. Cold mass suspension
sysem (Fig. 1 and 2) consists of two m ain com ponents: the tie
rods which have to ke the m agnetic force of 1500 tons and
accommodate the themal shrinkage of 45-mm at each
extrem iy, and the cryogenic stops which are supporting the
oold mass weight of 45 tons and also putting up wih the
therm al shrinkage. The te rods are m ade I titenim allby and
take the therm al shrinkage by flexion . The cryogenic stops are
made In epoxy resin-glass fibre composie and allow the
displacem ent of the cold m ass relatively to the vacuum vessel
by a dedicated sliding system . Each of them was designed o
suppozt the m echanical Ioading and t© m inin ize the thermal
Joads. Prior to their nstallation, some elem ents were tested
ndividually on dedicated testbench. The final production was
tested In real conditions during the on surface test. A G11 bar
T the m iddle of the coil fixes Iongiudnally the cold m ass.
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Fig.1.:The top view of one coilw ith the elem ent Jocations: 8 forthe tie 1ods,
16 for the cryogenic stops and 1 for the fixed point. The dash line represents
the cross section shown In the Fig. 2.
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Fig. 2.: Coil section oriented at 22 5° as In one of the inclinations i the final
toroid assem bly.

II. TIEROD COM PONENT

Each cold mass is supported inside the vacuum vessel by
8 te rods shared on the tw o sides of them agnet (side A and C)
and designed t© withstand the adial m agnetic forces @bout
200 tons on each) and to accommodate the wlatve
JIongitudinal displacem ent of the cold m ass w ith respect to the
vacuum vessel during the cooling down @bout 45 mm on the
outemm ost te 1od) . A t the operating conditions the head of the
te 1od is near the room tem perature w hereas the foot is about
at10 K . The m ddle of the te rod is therm ally connected to the
themm al shield at about 80K to m Inin ize the heat load on the
cold mass. In oer to do that the Ti5A125 Sn ELI Extra
Low Tntersdtial) grade ttenim allby is used for the
manufacturing Fig. 3) which is done I Russia under the
supervision of the Lutch nsthite.

Fig.3.:Tie rods afterm achining.
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A. Design

The allowable stress linits 410 M Pa In the wam part of
the tde rod and 670 M Pa 1n its cold part) are strictly respectad
I the design Fig. 4).Due the tem peratre, the oot ism anly
concemed by the brittle ruptire. Extensive campaigns of
m easurem ents of the mechanical and physical properties, as
ultrasonic controls, have been done In order t© asses the
quality of the m aterial.
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Fig.4.:A tie rd computation by finite elem ent analysis gives a cold web
stress around 500 M Paw ith very am all zones at 650 M Pa n the foot.

B. Individualcold tests

A fter the finalm achining, all the 64 te rods have been proof
tested at 4 2 K by the Kurchatov Institute M oscow ) up o a
250 ton Joad I a special cryosat Fig. 6) which allow s testing
two tle rods at the same time [R]. Four hydwulic pcks are
pulling the te rod heads whereas their feet are cooled by a
circulation of Iiquid helim in copper tubes I good themm al
contact wih the foot support piece. A vacuum vessel
sunounds a nirogen shield and the assembly. Typical test
diagram show ing the force to overall elongation is shown the
Figure 5. The elbngation shown I the figure is the overll
elongation of the tie d cluding the cryostat parts. The te
rod elongation iself has been measured t© 16 mm for a
250 ton load. A1l the te rods have successfully passed the
proof Ioad tests.
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Fig.5.:Elngation diagram during the proof testof a tie 1od couple.
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Fig.6.: Testbench of the tie rods at cryogenic tem perature.

C . Beéhaviorduring coiltest

ATl the 8 mdividual coils have been cold tested In a special
test station on surface before t© be nstalled 1n the cavem B 4].
A magnetic m nor is nsalled near the coil to reproduce the
attractive m agnetic force seen by the codls n the cavem w ith
the toroidal configuration . D uring these tests, the eight tie-rods
have been equipped wih stain gauges on both sides t©
m easure both the elongation and the bending of the tie-rods.
The strain gauges are mounted In fi1ll bridge configuration n
orer to compensate for tempemture changes and m agnetic
field. The two outem ost le-rods 3 & 4) are equipped with a
double set of gages. Tn order to m Inin ize the strain In the te
1ods when the ooil is at its operating tem perature, the tie-rods
are mounted w ih a bending, such that a stess-fiee sate at
operating tem perature should be reached before to energize the
coil.

W hen the ooil is pow ered, the attractive force betw een the
coil and the m agnetic m inor is transfered t© the te-rods. The
Joad on the te-1ods In the test station is com parable to the load
n the final toroidal configuration in the cavem. O £ course
there is also a bending force on the tie-rods when the ocoil is
powerad because the coil elongates by about 3 mm . This
resulting bending stesses are much analler than the axial
Jading.

The measured displacements of the te-rods during the
cooling down are n agreem ent w ih the calculations as shown
htheTablke 1.

Disgplacement nm) Tierod 4 Tierod 3 Tierod 2 Tierod 1
Calculated 45 342 213 7
M easured 45 33 20 6

TABLE 1:CALCULATED AND M EASURED DISPLACEM ENTS OF THE TIE-RODS
DURNG THERMAL CYCLING .
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The elongation of the tie-1ods is quite linearw ith the square
of the curnrent and show s no hysteresis when rmmped down
(Fig.7). The sharing of the forces between each tie-rod
(Table 2) is done as expected, but wih maxinum forces at
mughly 80% of those calculated. This difference may come
from the m odeling of the fron w all effect.
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Fig.7.:Evolution of the force in the tie rods w ith the square of the cunent.

T ie-rod # 4A 3A 2A 1A 1C 2C 3C 4C
M easured load, ton] 150 175 160 152 163 155 174 152

Calculated Joad fton] 184 212 190 195 195 190 212 184
TABLE 2: M EASURED AND CALCULATED LOAD ON THE TE-RODSAT 22 KA .

III. CRYOGENI STOPS

The stops are split In tw o parts: a cold postbetween 5 K and
60 K on which the themm al shields are fixed and a warmm post
between 60K and 300K . A sliding sysem between them,
based on a deposition of NuflonN™ fiom the APS Company
France), allow s the coilm ovem ent during the therm al phases.
Figure9 shows a whol stop built by Hoch Technolgie
System e In Sw itzerland.

A. Design

Each post is a stratified composite tube glued In two end
flanges. The tube is a m xture of epoxy resin and glass fiber.
The volme fiber content is about 55% . The mechanical
behavior, m anly given by the w inding angle of the fibers and
the tube thickness, was studied I details h oxder o support
the themm al shrinkage of this piece, which induces very high
stresses between the layers, and the mechanical loads of
com pression and flexion. This study took In consideration the
different nnning phase: the loading at wam tem perature, the
cooling down (or wam Ing up) which generates the sliding of
the coil on the wamm posts and the coil quench which creates
additonal forces on the cold posts. The hypotheses are an
axial Joading of 6 tons w ith a fidction coefficientof 0 2 on the
sliding system . Th our case, the optim al w inding ang’e is very
high: +75° n relaton o the tube axis, w ith a tube thickness of
10 mm . This design gives a safety factorof 2 on the first ply
faihire according to T'sai-H ill criteria.

W e also studied very carefully the gluing of the post n their
end flanges Fig.8), because the them al contraction creates n
this area a dangerous shear stress. Tt led t© a specific profile of
the flange In orderto 1 it the pesk of shear stress.
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Fig. 8.: The design of the gluing groove, based on the thin conical partof the
flange, a very efficient decrease of the shear stress.
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B. Individualcold test

W e built specific equipment Fig. 9) I oxder t© test a
complte sop (he wo posts and the sliding system) I
cryogenic conditons. In order to create an axial themal
gradient in the posts, the sliding system is cooled down at80 K
w hereas the ends of the stop say at oom tem perature. A fler
applying 40 KN axially, a jack creates an altemative transverse
cyclingon a 45 mm stroke atl mm /i t© sinulate the sliding
during the cool down or the wamm up of the coil. The stann
gauges glued on each face of the posts give indirectly the
deform ations due t the axial fores or o the transversal
foroes. Then we can survey the postbehavior and com pute the
friction coefficientof the sliding system Fig.10 and 11).

The experimental equivalent axial E-modulus is 14 GPa
Instead of the 11 GPa found i the computation. Tk brings t©
Tight the difficulty to com pute the properties of such m aterial.

Fig. 9.: The stop ismounted on a cryogenic testbench . Is top flange is fixed
o the crosshead w hich gives the com pression and isbottom flange is fixed t©
a Ebk Inked to a jack which generates the altemative m ovem ent.
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Fig. 10.: Friction ooefficient against cycle numbers at 300 K under
atm ospheric pressure.

A s shown on the graph In the Figure 10, the crease of the
friction coefficientw ith the num ber of cycles is cbvious, but i
appears only at mom oconditons. Under vacuum or at
cryogenic tem perature, the coefficient is quite constant.
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Fig.11.: Fricton coefficient against tem perature undervacuum .

A dedicated test at variable tem perature gives the friction
coefficient evolution agamst the tem perature as shown 1n the
Figure 11. The friction coefficient isworstat low tem perature
but the graph show s clearly its in provem ent above -60°C . For
Infom ation, this tem perature conesponds to the dissppearance
of the stick-slip phenom enon.

C. Behaviorduring coiltest

The m easurem ent system was slightly different for the final
test of the coil: the gauges were ploced extemally on the
vacuum vessel and not on the posts them selves. Due t© the
stffness and the form of the vacuum vessel pipe, the
sensitivity wasmuch low erthan in the Iab test.

The signals Fig.12) were very difficultto analyse. Tt is sure
that the slide occurred but the computation of the friction
coefficient isnotobvious. kseem sclose to 0 15.

60

—o—RAde
50 | —
—&-A3e

40 clel—

c4e
—*-A4i
—-A3i

——C31i

30

Stan fm M)
é% .
0. ,i"

0 50 100 150 200 250 300

Tempérmture K)

Fig.12.: Typicalgraph of the gauge signals during a wam up of a coil.

V. CONCLUSDN

The safe design of the supports w as checked by nvestigated
tests on the real production . The m easurem ents during the final
test of the ooil arr wrhtively coherent wih their expected
behavior.
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