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ABSTRACT

One of the principal goals of the ongoing TTF project is to produce prototype low cost
and reliable cryomodules meeting the stringent requirements for TESLA. The first
cryomodule was assembled and tested at DESY. The experience gained during the design
and the commissioning suggested new solutions to improving the technical design.

The most important improvement is the design of the new thermal shields at 4.5 K and
70 K. In this design the cooling helium pipes are directly welded to the aluminum shields.
This solution simplified the technical design of the entire cryomodule and indicated some
issues that needed study to verify the behavior of the new structure during cooldown and
operation. The principal aspect studied has been the procedures necessary to avoid stresses
and deformations produced during the cooldown which might damage the shields. The
solution found also prevents the typical deformation induced by the welding and makes the
production pre-alignment easier. Shields will be welded through small aluminum fingers
that reduce the resistance section of the joint, while increasing the elasticity, unloading the
welded joints and preventing possible damage during the cooldown.

INTRODUCTION

One of the principal goals of the ongoing TTF project1 is to study the production of
low cost and reliable cryomodules meeting the stringent requirements for TESLA1. The first
cryomodule2 was assembled and tested at DESY3. The experience gained during the design
and the commissioning suggested new solutions to improve the technical design.

In the new design of the TTF aluminum cryostat shields the cooling helium pipes are
welded to the shields. To avoid stress breaks in the welded regions produced during the
cooldown, we have studied a solution to unload the junction. This solution also avoids the
typical deformation caused by the welding procedure. Results of analytical considerations
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have been tested with FEA calculations using the ANSYS code. Figure 1 shows two typical
cross sections of the new cryostat design, to be compared with the old version3, which was
demonstrated to be considerably more expensive than expected due to the large number of
special braids and threaded fasteners.

The original thermal shield design for the TESLA Test Facility (TTF) cryomodule1-3

used aluminum shields cooled by copper braids connected to stainless steel cooling pipes.
The shields themselves were split into parts connected together by hundreds of threaded
fasteners. This shield design worked well in the first cryomodule3. However, the design has
some drawbacks. The copper braids, with braised Cu and Al terminals, are expensive to
produce and their thermal performance could not be consistently predicted. The large
number (> 1000) of threaded fasteners are expensive and require a significant number of
man-hours (and thus cost) for the drilling of holes, installation of threaded inserts and
finally installation of the fasteners themselves. As part of the TESLA program to reduce the
cost and complexity of the cryomodule, an improved shield design was developed together
with a general reconsideration of the tolerances to reduce the fabrication cost of the major
components (He Gas Return Pipe, Vacuum Vessel, etc.), while preserving and improving
the quality of the final alignment. This new fabrication philosophy will be briefly sketched
in this paper, concentrating on the “finger welding” solution.

TOLERANCE SIMPLIFICATION.

In the first cryostat design, in order to guarantee the needed clearance to connect the
aligned cavity string to the supporting He Gas Return Pipe (HeGRP) through the suspension
rings, most of the components, including the HeGRP, had to respect strict tolerances. These
tolerances had to be preserved during the fabrication, and especially during weldings. Some
expensive tooling, including those for the HeGRP optical measurement, were developed
and used during the fabrication steps, thereby increasing the fabrication cost2.

In the new cryostat design the above philosophy has been changed. In particular the
general HeGRP tolerances were relaxed to meet those of a standard, high quality, welded
pipe, i.e. ± 5 mm, including straightness. Once all the ancillary components and supports
have been welded and the pipe straightness recovered, a 14 m milling machine is used to
machine the upper three suspension posts flanges, to produce the reference axis. Figure 2
shows a scheme of the reference points that are used during fabrication and assembling.

Figure 1. Two typical cross sections of the new cryostat design, to be compared with the old version2.



Figure 2. Schematic drawing of the references used during fabrication and assembly, in order to simplify
measurement and relax the tolerances of the individual components.

As schematically shown in the lower left side of Figure 2 during all the fabrication
steps the HeGRP can be easily referenced to its previously defined axis, by means of Taylor
Hobson spheres (shown in the drawing) or pins, according to the precision required.

In order to further reduce fabrication costs, the tolerance specifications for the Vacuum
Vessel has also been revised. In particular, all the components which need to meet strict
tolerances, that is most of the previously welded flanges, are all machined on a 14 m long
milling machine, without changing the vessel position.

NEW THERMAL SHIELD DESIGN

A general view of the new shield design is shown in Figure 1, while some details of
the 4.5 K shield are presented in Figure 3. Here the shields are cooled by aluminum pipes
welded directly into the aluminum shields. Since stainless steel bellows are used in the
interconnection between modules, the aluminum pipes require aluminum/stainless steel
transition joints at each end. A total of 16 copper straps, fastened to the shields, are used in
this design to connect the shields to the 4.5 K and 70 K heat intercepts of the main RF
couplers.

As in the previous design, the shields are split into parts, but now all the thermal
connections between shield parts are done by welds rather than threaded fasteners, which
are just used for preassembling purposes. This new design, except for the “finger welding”,
is similar to that found on the magnet cryostats for the HERA, SSC and LHC accelerators.

As stated above, the major advantage of the new design is that of greatly reducing the
number of copper braids and threaded fasteners needed for assembly. This results in a
significant cost savings. The new design needs bi-metallic transition joints, which,
however, are based on a technology that as been successfully used in the past.

The welding scheme, based on fingers, is discussed in the followings ections, together
with its advantages and performances.



Figure 3. The welding scheme used to join both the cooling pipe to the aluminum shields and, in the opposite
side, the shield panels to the upper part. All weldings are done on fingers to unload the welded join. Since the
same scheme is used in both shields, just the 4.5 K shield is represented here.

THE WELDING SCHEME

As stated above, the new cryostat shields are directly welded to the cooling pipe. This
connection represents the mechanical and the thermal link between the cooling pipe and the
shields. This design leads to an asymmetric cooldown of the shields. We have checked
through Finite Elements Analysis (FEA) the stresses and the general deformations produced
by the asymmetric thermal fields, and have shown that a linear cool-down procedure from
300 K to 4 K, lasting two days, is completely acceptable for the shields4. We want to point
out that, since in our cryogenic system the 4.5 K shield is cooled in parallel with the
cavities, this cooldown procedure is, anyway, envisaged to prevent unwanted large
movements of the cavity string2.

The main aspects investigated in the following sections are those related to the welded
joints between the cooling pipe and the shields, and, in the uncooled side, between the
shield lower panels and its upper part. These two welding regions are the most critical from
a thermo-mechanical point of view, so we have developed a solution to unload the joins
from the thermally induced mechanical stresses. Figure 3 shows a simplified drawing of the
welding between the pipe and the aluminum shields of the new TTF cryostat. As sketched
in Figure 3, our solution consists of splitting each panel connection in two equal parts,
symmetric with respect to the center of the shield panel. Each one of the two connections is
performed by TIG welding, through properly shaped fingers which unload (as discussed
below) the joint region. Each junction has 6 fingers, with nominal length of 50 mm and
width of 23 mm.

TYPICAL LOADS ON THE THERMAL SHIELD WELDINGS

The welded junction and its small cross-section represents a bottleneck for the heat-
flow. This produces a thermal gradient between the shields and the cooling pipe. The
difference in temperature between the two welded regions, through a differential expansion,
causes stress on the junction. The same effect is also present in the welded junctions in the



opposite side of the shield, i.e. with no cooling pipe. A schematic representation of this
effect is sketched in the upper part of Figure 4. Moreover, since the helium pipe is
connected only to one side of the shield, this causes an asymmetry in the temperature field.
This last effect produces a global lateral bowing of the shield during the cooldown that is
discussed elsewhere at this conference4. The lateral bowing induces a momentum in the
direction of the welded joints, as shown in the lower part of Figure 4.

Differential expansion

The introduction of the finger-cuts in the region of the welded joints modifies the
loading of the joints. When two welded shells are kept at different temperatures the joint is
essentially loaded by a shear stress status and it is well known that a welded joint is more
critical in a shear that in a tension stress status. If the joints are welded over small finger
this situation is radically changed. In Fig. 5 we show, as an example, the displacement field
of the fingers due to the differential expansion induced by a temperature gradient of 40 K.
The deformation is similar to that of an inflecting beam, constrained by two parallel planes
at its ends. This situation may be studied analytically and the resulting stress state is shown
in Fig. 6. It is interesting to note that the welding is very close to the region where the
tensile stress is vanishing.

A more accurate calculation shows that the 6-finger solution is, from a tensile stress
analysis, about six times better than a single finger solution. This means that for the same
deformation in a 6-fingers case, six times less stress is produced.

The shear stress depends essentially by the section involved in the welding. The six
cuts reduce the section by about 10% so the shear stress is increased by the same amount.
Nevertheless, in this case the shear component is about one tenth of the tensile component,
and can be neglected.

In Figure 7 we present the tensile stress values, as computed by ANSYS, for the case
presented in Figure 4. It can be noticed that, due to the partially asymmetric deformation of
the fingers, in the welding region the tensile stress, while strongly reduced, is not
completely vanishing.

Momentum on the weldings

Given the applied loads, the one large finger case is similar to the six small fingers
case, because the moment of inertia depends linearly with the width of the finger. The
significant parameter is the length of the fingers. For the same finger length, a more
accurate analysis predicts a 25% momentum reduction for the six finger solution.
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Figure 4. Schematic view of the different loads stressing the welded joints.



Figure 5. Finger deformation due to the differential expansion induced by a temperature gradient of 40 K.

Figure 6. Stress state of a biflected beam. Note that the region of the welding is very close to the neutral
region of the tensile stress.

Figure 7. Tensile stress in the fingers for the loads of Figure 4. In the welding region the tensile stress is
strongly reduced, but non zero.
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FINGER SOLUTION IN ITS REAL THERMAL ENVIRONMENT

In another contribution to these Proceedings4, cryostat shields FEA analysis have been
used to determine the shield temperature gradients during the cooldown. In the models used
for the cooldown simulations the details of the finger welding geometry were replaced by an
equivalent heat transfer section. The temperature field obtained in this approximate model
describes properly the finger welded shield at a distance from the fingers.

In order to check that the stresses arising in the finger region are compatible with the
tensile characteristics of the Aluminum alloy used for the shield, we have performed a
submodeling of this region, using the maximal temperature gradient developed during the
cooldown, which has been determined to be less than 40 K for both shields.

In Figure 8 we show the temperature field, with a gradient of 40 K between the upper
and lower part of the model, used for the local stress analysis of the joints. To evaluate the
differential thermal expansion we have used a temperature independent (and overestimated,
since referred to room temperature) expansion coefficient for the Aluminum 1050 alloy,
α = ⋅ −3 10 5 K-1. Fig. 9 shows the Von Mises stress in the finger region. The maximum stress
is found to be lower than 2 107 N/m2, well below the Aluminum alloy yield limit.

Figure 8. Real temperature field across the finger and the welding, in the worst case during the cooldown.

Figure 9. Tensile stress field in the finger region in the case of Figure 8.



FINGER AND WELDING DEFORMATION

Another important aspect that led us to choose the finger solution is the well-known
problem of deformations induced by the welding in large welded sheets. In our case this
problem is crucial, since the deformation would occur during the final assembly of the
shields, when the panels have to be welded. At this point the cavity string has been already
attached to the HeGRP and aligned. As it can be easily understood and we have proved on
welding samples, fingers have an active role in preventing a general deformation of the
shields, induced by the local shrinkage of the welded seams. In fact, the moment of inertia
of the fingers is very small compared to those of the connected components, so that the
effect of the welded joint shrinkage stay confined into the fingers and is not able to induce
global deformations to the rest of the structure.

CONCLUSIONS

On the basis of the new design outlined above, two cryostats have been ordered, their
fabrication is well under its way and the delivery to DESY of the first is due for next
October (1997). A cost reduction close to 50%, with respect to the prototype operating in
the TTF linac, has been reached. Experience gained at ZANON (in charge for the cryostat
fabrication) has already shown a significant simplification in the handling and
preassembling procedure.

As shown in this paper, the analysis on the characteristics of the welding procedures
suggested a finger welding solution. This solution has been tested on significant samples
and performed as expected.

The assembling and aligning procedure has been also revised to take advantages of the
new design criteria. Further studies are under way to solve the problem of warm to cold
alignment preservation.
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