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ABSTRACT
The ITER Tokamak Building is part of a complex experimental fusion facility under construction
in Cadarache, France. Components of the Tokamak machine will have to be transferred between the
Tokamak machine and the Hot Cell Facility. A cargo-lift and several transportation casks are necessary
during these handling operations. Since the components may be irradiated, nuclear seismic requirements
apply to these structures. When the transportation casks are locked to the cargo lift, the interface between
the two structures plays a major role on the seismic response. This paper is aimed at presenting a work
done to propose an interface without jeopardizing the assumptions considered for the seismic design of
the cargo lift and its supports onto the Tokamak building structure. A flexible interface made by a set of
vertical springs and horizontal stiff supports has been proposed to support the transportation casks which
can weight more than 100 tons. Because of their relative values of mass and stiffness, the potential
interactions between the cask and the cargo-lift structures may modify the seismic response of the
coupled system and need to be considered in the seismic analysis. Several cask variants have been
considered for these simplified static and seismic response spectrum analysis.
INTRODUCTION
The future operation of the Tokamak fusion experimental reactor developed in the context of the
ITER project (https://www.iter.org), based in Cadarache (France), will require the remote handling of
irradiated components, including their transportation between the Vacuum Vessel (the “heart” of the
reactor, where fusion will take place) and an adjoining facility where they will be stored. This
transportation will be carried out by means of large and heavy (up to 100 tonnes) casks operated remotely.
The Cargo Lift, as part of this complex system, is a long platform subjected to highly demanding
nuclear requirements whose main objective is to take the casks to the different levels of the Tokamak
Complex (TKC, the main building that will house the reactor), where their transfer to the adjacent facility
is envisaged through connecting corridors.
The design of this component is almost completed, with the exception of a mechanical interface
aimed at providing an adequate support to the cask and transferring its weight to the platform, which was
postponed until the design of the different cask variants (still at a conceptual phase at the time of
preparation of this paper) reached a higher degree of definition. As a consequence, and in the absence of
more information, some simplified assumptions regarding the dynamic interaction between the platform
and the cask were made so that the design of the first could be undertaken. These assumptions result in a
relatively flexible system with low mode frequencies in the vertical direction (slightly below 4Hz for the
so-called “locked” configuration, this is, when the platform is locked to the building by four supporting
pins, and around 2.5Hz when suspended on ropes). Thus, the vertical seismic excitation applicable to this
system happens to be moderate, lying well outside the plateau of the TKC Floor Response Spectra (FRS).
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The validity of these assumptions, however, actually depends on the real interaction between the
cask and the Cargo Lift platform, which is highly influenced by the design of the mechanical interface.
In this context, Esteyco was requested by the European Domestic Agency for ITER, Fusion for
Energy (http://fusionforenergy.europa.eu), to propose and validate by analysis a conceptual design for the
mentioned mechanical interface that ensures a suitable dynamic behaviour of the coupled system
platform-cask with no or minor modifications in the current Cargo Lift platform design so that it can
finally be completed and approved.

Figure 1. Casks (in blue color) accessing three different Vacuum Vessel Ports (https://www.iter.org).

Figure 2. General view of the Cargo Lift system (left, from Schmieder, 2015) and current design of the
platform (right).
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CONCEPTUAL DESIGN OF THE INTERFACE
Design Requirements
The main conditioning factors of the mechanical interface design derive from the nature of the
load to be transported and the need for conserving the current design of the conveyance platform.
Regarding the loads to transport, two different cask variants were to be considered:
- A standard-sized, 97-ton cask (referred as to “Upper Bound Cask” hereinafter) carrying a
nuclear payload up to 45 tonnes.
- A 2.2-meter-width, 45.3-ton cask (referred as to “Lower Bound Cask” hereinafter) carrying a
nuclear payload up to 25 tonnes.
- Lower Bound Cask with no payload (globally classified as non-nuclear load).

Figure 3. Conceptual design of the reference standard-sized cask. (F4E, 2015)

Possibly free area

Possibly free area

The FRS of appliance for the case of nuclear load (Safety Level SL-2, according to the French
nuclear practise) at the particular location of the Cargo Lift within the Tokamak Complex involves
maximum vertical accelerations as high as 2.7g for a damping ratio of 2% (in the range of 4-10Hz, see
ITER IO, 2015). Horizontal accelerations are less relevant in this case due to the structural configuration
of the Cargo Lift and the fact that the building is seismically isolated along this direction.
It should be mentioned that both the standard-sized and the narrower casks must be locked to the
interface with no human intervention, which compelled to design an interface automatically operated and
adjustable.
On the other hand, with regards to the compatibility with the current Cargo Lift platform design,
the mechanical interface must not interfere with the rest of mechanical and control systems and, therefore,
not exceed the volume allocated for it beforehand (see Figure 4). This volume, however, does not include
the footprint of the rails the cask will lie on, as it is reserved for the operation of the so-called Cask
Transport System (CTS), responsible for transporting the cask when in motion. This implies that the
mechanical interface had to be able to absorb eccentric loads.

Figure 4. Volume reserved for the mechanical interface (in solid red).
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Obviously, the mechanical interface must guarantee an equally suitable response of the system
under static and dynamic (seismic) loads, both when in the “locked” and in the “on-ropes” configurations.
Nevertheless, it should be noticed that, since constraints make the system stiffer when locked to the
building, this scenario determines the design.
Description of the solution devised
As a first attempt to limit the seismic vertical accelerations, the possibility of stiffening the
platform by adding an upper light lattice truss structure in order to increase the main mode frequencies of
the whole structure beyond the plateau of FRS was contemplated at first place (see Figure 5). However, it
was shown that this concept only succeeded in raising the main vertical mode frequency from 4Hz to
approximately 7Hz (even without considering the weight of the lattice structure), still far from the 10-Hz
threshold that delimits the plateau of the FRS.

Figure 5. FE modal analysis of the initial concept. Main vertical mode at 6.80Hz.
In the light of the results obtained, a new concept based on implementing a vertical isolation
scheme between platform and cask by means of commercially available coil spring devices was explored,
this time with the objective of reducing the main vertical frequencies by preventing the cask from adding
stiffness to the platform, which is quite flexible by itself. Moreover, weight and space limitations
restricted the suitability of this conceptual solution.
In this design, each of these devices is connected to an L-shaped beam from which it receives the
vertical loads transferred by the cask. In turn, every isolator is supported by a light steel column located
within the volume reserved for the interface, making the solution compatible with weight and space
limitations.
As pointed out in the preceding section, this space lies outside the footprint of the rail, which
induces a moment due to the eccentricity of the load that must be transferred to the platform. In order to
overcome this difficulty, a mechanism based on a parallel motion linkage attached both to the column and
the rail was designed (Figure 6). This way, the moment is transferred to a T-shaped steel beam welded to
the column by means of a pair of connection rods, allowing for the vertical movement of the rail at the
same time whereas the resulting horizontal motions are limited due to the geometric constraint imposed
by the mechanism.
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Figure 6. Detailed view of the vertical interface.
On the other hand, and independent horizontal interface consisting of a set of remotely operated
electromechanical actuators was proposed. With the goal of locking the cask longitudinally, a pair of
actuators, each mounted onto slight steel columns and placed in front of one another, introduce a piston
into an oval locking housing linked to the cask so that its longitudinal displacement remains constrained
but it can freely move in the vertical direction, as shown in the section view of Figure 7.

Figure 7. Detailed view of the longitudinal locking system.
A similar system is utilized to lock the cask laterally, in this case by means of two pairs of
actuators placed at both ends of the cask that push the piston until making contact with a low-frictionbased housing, as foreseen in the reference cask conceptual design.
The solution proposed requires to slightly modify the design of the platform by disposing
longitudinal stiffeners right below the columns in order to avoid local concentration of stresses.
Although the elements described above remained unchanged throughout the following stages of
the design process (feasibility assessment and structural analysis), some features such us the number of
isolation devices, their stiffness and the concept of the rail underwent a number of slight modifications
and refinements as the process advanced, finally resulting in the design presented in Figure 8. Regarding
the last, every rail was divided into three pieces for the Lower Bound Cask to lie exclusively on the
central one in order to improve its response by reducing the number of isolators mobilized (and, thus, the
coupling between cask and platform).
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Figure 8. General views of the final conceptual design proposal.
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Preliminary Feasibility Assessment of the Design
So as to assess the feasibility of the conceptual design and, if applicable, to estimate the stiffness
of the coil spring isolation devices, a simplified analytical dynamic model was developed in Matlab. This
simplified model, of only four degrees of freedom, proved to be very useful for guiding the design
process as it allowed evaluating different seismic scenarios (cask variants, with centred and eccentric
payload) with the individual spring stiffness being the design parameter.
Figure 9 presents a summary of the results obtained. The graph on the left side shows four
families of curves, corresponding to the frequencies of the four modes captured by the simplified model
and reproduced on the bottom of the figure. Each of these curves expresses the frequency of the
corresponding mode as a function of the stiffness of an individual isolator for one of the cask
configurations considered. The graph on the right side represents the applicable pseudo-acceleration FRS,
in which the frequency range comprising the plateau has been highlighted in colour.
From the analysis of these results, it was concluded that it was possible to reach a sufficient
degree of decoupling between platform and cask to keep, at least, the main vertical mode away from the
frequency range that delimits the plateau of the FRS, by using conventional isolation devices.

Mode 1

Mode 2

Mode 3

Mode 4

Figure 9. Summary of the results provided by the analytical model.
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Static and Seismic Analysis of the System
Once the conceptual design of the interface appeared to be feasible and the stiffness constant of
the isolators had been estimated through the simplified analytical model, static and response spectrum
analyses were performed using a detailed FE model of the whole system (see Figure 10). As it can be
seen, the cask was represented as a beam with adjusted bending stiffness rigidly connected to its bogies,
in turn linked to the rails (in blue in the figure). On the other hand, both the vertical and the horizontal
mechanical interfaces (in red) were represented by means of beam and spring elements, assembled in such
a manner as to reproduce the mechanisms and constraints that enable the cask to move only vertically
with respect to the platform.

Figure 10. General views of the global FE model.
The graph on the left side of Figure 11 shows the distribution of forces on the relatively flexible
spring isolation devices considered in the conceptual design (blue curve in the figure) for the Upper
Bound Cask with centred payload resulting from the static analysis under gravity loads. This distribution,
which proves to be quite uniform and induces only compressive forces all along its length, contrasts with
the abrupt orange curve that represents the same distribution of forces if the connection between the rail
and the columns supporting it were infinitely rigid. In this last case, it can be seen that both ends of the
vertical interface would be excessively compressed, while the central columns would pull the rail
downwards.
Similarly, the graph on the right side of Figure 11 reflects the distribution of forces transferred to
the rail by the cask’s bogies, which also depends significantly on the flexibility of the mechanical
interface. Indeed, when lying on the relatively flexible interface proposed, the weight of the cask is evenly
distributed on all its bogies. On the contrary, the absence of such a flexible interface overcharges the
extreme bogies while rendering the central ones nearly unloaded.
As a consequence, it is apparent that even if no seismic forces were to be addressed by the design
of the mechanical interface, some sort of flexible, compliant solution would be required in order to ensure
a relatively uniform load distribution along the platform.
Regarding the seismic response of the system, the modal analysis for the Upper Bound Cask with
centred payload carried out showed that the frequency of the main vertical mode (see Figure 12), whose
effective modal mass is above 80% of the total, turned out to be around 3Hz, as predicted by the
simplified model mentioned in the previous section. Spectrum analyses using the CQC modal
combination method for the obtaining of maximum directional responses, in turn combined by means of
the Newmark rule, proved that the reaction forces developed at the platform’s supporting pins that ensure
the connection with the building when on the “locked” position were always compressive, as shown in
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Table 1, so that neither local nor global uplifting would take place. Moreover, the maximum reaction
force was found to be lower than that originally estimated by the platform’s designer.
The fulfilment of these two requirements, which are also met by the rest of cask variants and
payload configurations studied, was believed to be a sensible acceptance criteria to the scope of a
conceptual design.
In addition, the maximum Von Misses stresses were found to remain within acceptable limits all
along the platform, except for the plates immediately below the footprint of the columns, where some sort
of stiffening needs to be introduced, as already mentioned.

Figure 11. Vertical forces (kN) transferred by the rail to the columns (left) and by the cask bogies to the
rails (right) when connected by flexible springs vs. when rigidly connected.

Figure 12. Main vertical mode. In-phase vertical movement of cask and platform at 3.06Hz.
Table 1. Vertical reaction forces at supporting pins (kN).
Node
P1
P2
P3
P4
Total

FRS X
22.37
25.53
25.82
23.06
96.78

Seismic forces
FRS Y
FRS Z
14.08
312.29
17.00
286.25
17.17
276.81
14.77
304.40
63.01
1179.75

COMB
326.87
303.26
294.01
319.53
1243.67

Gravity forces Gravity+seismic Gravity-seismic
406.50
393.53
390.94
403.49
1594.46

733.37
696.79
684.95
723.02
2838.13

79.63
90.27
96.93
83.96
350.79
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CONCLUSIONS
The different degrees of maturity in the development of the cask and the Cargo Lift conveyance
platform required the assumption of certain hypotheses regarding the interaction between them so that the
design of the second could move forward. Those assumptions were shown to be non-conservative,
demanding the design of a mechanical interface that could ensure an adequate behaviour of the whole
system, especially under seismic loads, without jeopardizing the validity of the platform’s design.
The conceptual design proposal for this interface is based on a dynamic isolation solution
between the platform and the cask by means of commercially available coil spring devices. This solution,
which was developed with the help of a simplified dynamic analytical model, has proven to be feasible on
the basis of the static and response spectrum analyses carried out with a more detailed FE model. The
resulting mechanical interface derived is therefore compatible (with minor local changes) with the
original Cargo Lift platform design, limiting to acceptable values the seismic loads induced in the system.
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