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ABSTRACT

The experience gained in the commissioning and operation of the first and second
generation of the TTF cryostat lead to a new and improved design which should fit the
requirements of the TESLA collider in terms of cost and performances. The redistribution
of the components in the cryostat cross-section allows to reduce by 15% the vacuum vessel
diameter and to use a standard 38’’ pipe. The thermal shields has been adapted to fit the
new vacuum vessel, while the finger-welding technique has become a standard. A higher
stability of the quadrupole package position, in spite of the possible asymmetrical forces
acting on the Helium Gas return Pipe (HeGRP) edges during pumping and cooldown, has
been obtained moving the three posts position. To assure the possible use of rigid couplers
and superstructures a sliding support scheme has been developed for cavities. In connection
with a reference Invar bar it lets cavities to stay fixed and aligned while the HeGRP slides
over them during the cooldown and warmup.

INTRODUCTION

The development of the TESLA[1] collider cryomodule has arrived to the third
generation which gained from the commissioning and operation of  the three cryomodules
already assembled at DESY. The cryomodule contains 8 cavities and a superconducting
quadrupole package, it must provide cavity support, alignment, cooling, thermal insulation
as well as feed-through for RF power, instrumentation and connection to adjacent
cryomodules or to the cryogenic supply lines.

The third generation cryomodule needs to fit the requirements for TESLA collider to
prepare the cryomodule mass-production in term of costs, mechanical requirements and
cryogenic performances.
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GENERAL LAYOUT AND CROSS SECTION

In order to improve the design of the third generation cryomodule an evaluation of
each component and its influence in the general layout lead to the decision to use a standard
pipeline tube for the vacuum vessel. Checking all possible solutions a 38 inches standard
pipe (3/8’’thick) has been chosen.

To arrange all components in the smaller vacuum chamber the thermal shields have
been redesigned, filling the spaces and keeping margin to follow the tolerances on the
standard pipe. The mayor improvement in the reduction of the cross section has been the
decision to use an off-axis helium feed pipe. The requirements on superfluid helium
distribution imposed to keep it above the helium tank level and below the gas return pipe. In
this way the “off-axis solution” allowed the cavity axis to move closer to the HeGRP.

The new cavity support described in the following reduces also the space occupation in
the lower region of the cross section, with respect to the previous design.

THERMAL SHIELDS

The cryogenic optimization of the TESLA module[1] string requires two thermal
shield at 4.2K and at 70K. The shields are manufactured in aluminum (1050) and are both
made of a roof (divided in two sections, each about 6 meters long) that supports eight
panels. The panel length is 1.4 m, except for the first and the last. The shield panel length
has been chosen in order to adjust the aluminum-stainless steel differential dilatation and to
allow the coupler holes to follow the cooling cones.

Figure 1. Comparison between second (left) and third (right) generation TESLA cryomodules. The
components have been redistributed to fit the smaller vacuum vessel (38’’ standard pipeline tube).



The shield cross-section have been adapted to the smaller vessel, with a rounder shape.
The cooling pipe, as in second generation cryomodule, is an aluminum pipe, finger-
welded[2] to the shield roof and to the panels. A bimetallic junction makes the transition to
stainless steel in the connection region between cryomodules. The shield geometry has been
checked by a finite element code to test for cooldown deformations and thermal inertia.

The results show that a 12 hour linear cooldown produces thermal gradients of about
60 K (Fig. 2) that induce deformations of ∼10 mm (Fig. 4), which are compatible with the

Figure 2.Cooldown simulation of the 4.2 K and 70 K aluminum thermal shields (upper right graph). We used
a simultaneous 12 hour linear cooldown. The maximal thermal gradient on the shields (upper left graph) is
below 60 K, a safe value. The temperature fields plotted in the lower figure show that the gradient is
concentrated in the welding  region, where the fingers unload the structure.

Cooling (T)

70Shield (T)

70Shield (T)

4.2 Shield (T)

4.2 Shield (T)



geometric free space in the section.
In order to ease the fabrication and
to decrease the cost, the 6 meter
shield roofs have been divided in
two sections which are rigidly
connected by screwed plates. This
heat transfer discontinuity has
been included in the model, in
order to check its influence.

Using the temperature field
calculated during the cooldown, a
thermo-mechanical analysis has
been performed in order to obtain
the deformation and stress
distributions in the aluminum
shields. The results show a lateral
bending of the shields, due to the
asymmetric cooling ("banana"
effect[3]) of about 10 mm, while
the maximal stresses are within
30Mpa (the results are shown in
Fig. 4).

Figure 4. Thermo-mechanical analysis of the shield panels. Applying the computed temperature field the
deformations and stress distribution can be easily computed. The stresses (lower plot) are within 30 Mpa,
while the deformation due to asymmetric cooling is below 10 mm (upper plot).

Figure 3. Coupler cones have been redesigned for an easiest
fabrication and assembling. The cooling is guaranteed by copper
braids connected to the shield panels.



The shield panels and cooling pipes are used to cool other parts of the cryodomule. The post
plates, which support the cold mass and the shield roofs, need to be kept at  different
temperature. In particular, the lateral post plates are connected to the shields with sliding
supports which do not assure a good heat exchange. To achieve the post cooling, short and
very flexible copper braids have been used. The same solution has been used for the coupler
cones. The cones has been redesigned (Fig. 3) to ease the fabrication and the assembling.
This solution has been, in part, already tested during the cooldown of cryomodule number
two and sensors showed it worked correctly.

CAVITIES SUPPORTS

The experience in the assembling of the cryomodules #1, #2 and #3 [4] showed
evidence that the cavity support system could be improved in terms of maintaining the
cavity alignment. Due to the geometry of the system, it was too complicate to keep cavities

Figure 5. The cavity support system. Four C-Shaped stainless steel elements clamp a titanium pad welded to
the helium tank by using rolling needles that reduce drastically the longitudinal friction, leaving cavities
independent from the elongation and contraction of the HeGRP. Lateral and vertical position are defined by
reference screws.

Coupler N 1 2 3 4 5 6 7 8

External -5113 -3733 -2353 -973 +407 +1787 +3167 +4547

Hot Position -5113.5 -3733.5 -2353 -973 +407.5 +1768 +3168 +4548.5

Cold Position -5122.3 -3732.8 -2352.9 -973.4 +406.5 +1786.5 +3165.9 +4545.9

Displacement -0.5+0.7 -0.5+0.2 -0+0.1 -0+0.4 +0.5-0.5 +1.0-0.5 +1.0-1.1 +1.5-1.1

Table 1. Reference positions of the coupler port calculated for semi rigid coupler.
The positions are relative to the fixed point. Hot to cold positions has been computed with Invar stainless

steel and titanium relative contractions. The maximum displacement is less than 3 mm



and quadrupole positions within the alignments requirements. The necessity to develop a
system that could, in principle, be compatible with superstructure[5] or semi-fixed couplers
lead to the decision of a complete redesign of the engineering of the cavity supports. The
solution that has been proposed and studied needs to keep the cavity transverse position
fixed, while leaving the cavity longitudinal position independent from the HeGRP thermal
contraction and extension during the cooldown-warmup cycles. This objectives have been
reached with a set of low friction sliding supports. The support, whose  section is presented
in Fig. 5, consists of a C-shaped stainless steel element that clamps a titanium pad welded
on the cavity helium tank. The connection is mediated by a sequence of rolling needles,
runners and reference screws. In each constrained direction (vertical and lateral) a reference
screw defines the cold position of the cavity axis, and a spring washer package loaded at
about 80 kgf keeps the pad into contact. The friction between the cavity and the support has
been measured and results in about 0.6 kgf[6] This low friction value results in a decoupling
of the cavity longitudinal position with respect to the supporting HeGRP. In order to be
compatible with semi-rigid couplers and superstructures an Invar rod fixture determines the
longitudinal position of the coupler ports. This solution results in a maximum total
longitudinal motion of the coupler port of about 3 mm (Table 1 reports the computed hot
and cold positions of each coupler port with respect to the external position).

COLD MASS SUPPORT AND COLD ALIGNEMENTS REQUIREMENTS

Analyzing the motion of the active elements during the cooldown of the cryomodule
#1 and #2, as measured by the installed WPM[7] system, we have determined the presence
of asymmetric forces in the feed-cap and end-cap sections of the module. This forces
probably are generated by the misalignment of the HeGRP of the two consecutive modules,
that deforms the HeGRP and moves the active elements out of alignment requirements. To
reduce this effects two major improvements have been included in the present design. First

Figure 6. Computed deformation of the HeGRP when stressed by 1 KN asymmetric forces in the end cap and
feed-cap position. The overall deformation is less then 0.2 mm in the cavities region and less than 0.1 mm for
the quadrupole package. The solid line is the static absolute deformation with respect to cavities and
quadrupole are aligned, while other lines are the displacements around the equilibrium position.
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of all we changed the longitudinal positions of the support post. The most critical
component, from an alignment point of view, is the quadrupole, so a support post has been
placed over the fixture of the quadrupole package. The other two posts have been placed,
compatibly with the assembling procedures, at positions that reduce the static deformation.
To check this new solution a combination of 1 kN forces in all directions has been applied
to the extremes of the HeGRP and the induced deformations have been computed. The
displacement in the cavity region is within 0.2 mm in the worse situation, while at the
quadrupole is estimated to be less than 0.1mm. In order to simplify further the design the
support of the vacuum chamber has been modified. In the new design the same supports are
used during assembling and in the linac operation. The positions have been chosen using
the same philosophy of the HeGRP support, in order to minimize the reaction to unknown
forces during operation. Figure 7 shows a comparison of the support positions in the second
and third generation cryomodule. A support is very close to the quadrupole to minimize its
possible movements, the other has been chosen with the compromise of a good stability and
the space requirements during the assembly. Due to these changes all the assembling tools
have been redesigned to fit the new geometry.

One other major improvement raises from the decision to include the bellow that links
the HeGRP of two different modules in the fabrication of the HeGRP itself. This has
increased the free space in the interconnection of the modules and has extended to the
bellow flange the fabrication tolerances. The fabrication tolerances of the HeGRP are
achieved by a 12 m milling machine that refers flanges and support element defining the
axis of the tube. This operation can now be extended to the bellow flange. As a
consequence the bellow is referred to the cryomodule axis and the connection between two
consecutive HeGRP is more precise, and consequently less stressed. The result of this
choice in the fabrication philosophy should be a sensible reduction of the external forces
during pressurizing and cooldown.

The combination of the new support positions and fabrication process should achieve
the cold alignment requirements for the cavities and the quadrupole package needed by the
TESLA Collider Project.

Figure 7. Comparison of second (upper) and third generation post positions (lower). The new solution
improves the stability with respect to external unknown and asymmetric forces acting on the HeGRP and on
the vacuum vessel during cooldown and under vacuum.



CONCLUSIONS

We presented here the improvements introduced in the third generation of the TESLA
cryomodule. The changes have been done in the direction of achieving the industrial mass-
production requirements for the TESLA 500 Collider Project. The vacuum vessel has been
reduced to a standard pipe (38’’), the thermal shields have been redesigned to fit the space
and to reduce the number of components. To insure a full compatibility with superstructures
and semi-rigid couplers a new cavity support has been designed. A sliding fixture decouples
the longitudinal motion of the cavities from the supporting HeGRP. In order to reduce the
sensitivity to misalignments and to external forces the post and the vacuum vessel support
positions have been changed. In this way the TESLA tolerances, especially in the
quadrupole package region, should be matched.
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