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1 Introduction
During the Long Shutdown 2 of the LHC, the LHCb collaboration will replace the current Outer and
Inner Tracker by a single tracking detector, based on 2.42 m long scintillating fibres with a diameter
of 250 µm, readout by silicon photo-multipliers (SiPM).

Figure 1. Position of the SciFi tracker in the LHCb detector.

The fibers are arranged in mats of 6 fibre-layers with a width of 130.65 mm. Eight fibre mats will
form a module and are sandwiched between honeycomb and carbon fibre composite panels to
provide stability and support over the module length of 4.85 m. The modules are supported by a CFrame structure that provide the proper stiffness to the full package. The C-Frame is also used to
support electronic boards, cooling systems and services. Two principal studies have been carried out
to optimize the design and the structural behaviour of the SciFi supporting structure: kinematic and
structural finite element. A detailed kinematic analysis has been carried out to define the proper
constraints of the system during the insertion, the opening and closing phase and the service
position. Finite element analyses have been performed to assess the mechanical behaviours for
different load and constraint configurations.

2 Kinematic analysis
A kinematic investigation has been carried out to study and identify the more suitable and proper
ways to link the main SciFi supporting structure, the C-Frame, to the supporting rails of the LHCb
Bridge and Table where the Outer Tracker is at the moment installed. Due to the past difficulties in
the adjustment of the OT at the correct position at the time of the installation, the degrees of
adjustments have been carefully studies in order to provide a quicker and more reliable positioning
of the system. Since for a detector one of the most important properties is the stability during the
data acquisition, the theoretical fixation concept has been slightly adjusted to guarantee the proper
EDMS: -
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mechanical properties to the supporting structure. A comparison between the theory and the reality
will be presented by means of the tests carried out on the prototype.

2.1 Overview of the system and constraint philosophy
One of the most simple and clean way to fix a single rigid body in the space is to suppress the proper
degrees of freedom (3 rotations and 3 translations) with the same number of constraints correctly
arranged. With this philosophy, the structure will be isostatic and, if the constraints are well
arranged, an imposed displacement, at the level of one of those constraints, will not introduce
additional loads or relative deformations but just a rigid displacement of the system. If additional
redundant constraints are arranged, a constraint displacement could generate additional loads and a
relative deformations. The magnitude of the additional forces is proportional to the structure
stiffness. Anyway, to improve the structure stability, it is not always possible to adopt an isostatic
concept for the fixation of the structure and additional constraints have to be foresee at least for the
final fixation in the service position. As an example a simple kinematic comparison has been
investigated (Figure 2).

Figure 2. C-Frame structure with isostatic and hyperstatic (over-constraint) philosophy

The main supporting structure of the SciFi is an aluminium C-Frame. The active part is made by
separate modules connected to the C-Frame. The modules are hyperstatically (more close to a quasiisostatically fixation: only the global rotation around Y (see Figure 3) is not allowed but the system is
not really perturbed on this constraint) connected to the C-Frame. More precisely, in the plane X-Y
the modules are isostatically connected to the C-Frame and out of the plane X-Y they are over
constrained in the rotation around the local Y axis. Since the modules have their proper stiffness,
according to the displacements, they could contribute to the global structure stiffness and be
deformed from a constraint relative displacement. Due to this last effect, the fixation and the
EDMS: -
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kinematic of the main supporting structure has to be even more carefully studied to avoid
dangerous deformation and additional stress on the delicate scintillating fibers modules structure.

Figure 3. Modules fixation constraints and Degrees of Freedom

During the SciFi insertion, the rails (top and bottom) could not be perfectly aligned each other in all
the points. Based on the survey carried out for the present top rail (CERN document: EDMS 756237)
and bottom rail (CERN document: EDMS 771336), a difference up to 11 mm could be present. A
simple example where, at the run position and during the first insertion, point A, B and C are
misaligned of 5mm in Z respect to D is reported in Figure 4 and investigated further in the document.

Figure 4. Insertion and adjusting phase
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Step 1 defines the points misalignments during the first insertion at the run position, whereas Step 2
defines the adjusting phase to the nominal location at run position. The deformation on Step 1 has
been reported in Figure 5.

Figure 5. System deformation on Step 1

During the insertion and the adjustment, the displacement of the isostatic, well arranged
constraints, system will be rigid whereas the displacement of the hyperstatic system will be a
deformed structure (relative movements between different structure zones).
An isostatic structure from this point of view could be easier and more direct to adjust (survey
phase) to the nominal position. Furthermore, the relative deformations, coming from the movement
of the supports, will not be present. The deformations, and the stresses, depend only from the
supported loads and the structure proper weight, the structure behaviour is easy to study and no
additional loads are introduced in the structure.
Anyway, if the structure is relative flexible, an over-constrained behaviour could not introduce high
forces at the level of the supports during the relative displacements between them. On the other
side, the isostatic structure never introduces any additional forces also in the case of a very stiff
structure. Figure 6 shows the deformation imposed on the structure from a random misalignment of
the points A, B, C and D along Z and Y and Figure 7 shows the additional forces developed during the
deformation. The structure in this case has additional constraints at the bottom carriage. This
arrangement shows the worst case according to the carriage design.
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Figure 6. Deformation coming from a random misalignment during the insertion.
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Figure 7. Forces coming from a random misalignment during the insertion.

From the analysis it is possible to observed that the additional forces appeared on the constraints
are not negligible also if the magnitude of the imposed displacements is not wide.

2.2 Carriage design concept
A preliminary concept for the top carriage has been proposed. The carriage design and the related
kinematic is shown in Figure 8.

Figure 8. Former proposed carriage design with related kinematic
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Page 9 of 23

After a kinematic analysis of the system it has been assessed that the system were not enough
stable, a new kinematic and carriage design has been studied and proposed. The investigation
suggested some modifications of the design due to the reasons shown in Figure 9.

Figure 9. Two possible isostatic and stable configurations (X-stopper on the carriage): a comparison

Up to now the preferable kinematic seem to be the configuration B since the adjustment screws are
always working perpendicular to the ground.
In order to have a better and safer control of the “stop X run position”, the stopper should be
located on the C-Frame. The kinematic proposed is shown in Figure 10.

EDMS: -

Page 10 of 23

Figure 10. Two possible isostatic and stable configurations (X-stopper on the C-Frame): a comparison

After different iterations and to enhance the production and the functionality, the design of the top
carriage has been slightly modified while guaranteeing the proper kinematic (Figure 11).

Figure 11. Top carriage concept design and prototype

2.3 Insertion philosophy
As reported in the previous kinematic analysis, the more clean insertion philosophy would be with
an isostatic constrained structure. It is also true that, since the C-Frame structure is quite flexible,
the over-constrained structure could be more stable and give more adjustable points.
In case of an isostatic insertion, the following constrain philosophies will be utilized during the
different phases at the first insertion:
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1. Hypostatic (+1 DoF) constrained behaviour during the insertion (X must be everywhere free
to allow the movement of the system along the rails).
2. Isostatic (0 DoF) constrained behaviour at run position during the adjustment (X must be
fixed in one point, preferable on the top innermost part and directly on the C-Frame, that is
the rigid structure where all the subsystem are rigidly connected).
3. After the adjustment could be possible to activate other constraints. Usually, since the
system is already in the nominal position, these additional constraints should not be under
load and should not modify the position of the system. If a modification of the position will
be carried out with these additional constraints, additional forces and relative deformations
of the structure will be introduced.
4. During the opening and closing for standard maintenance, the additional constraints
activated will be always engaged. It is not possible to disengage the additional constraints
each time. For this reason the rails alignment must be very precise (<50µm).
To avoid clashes, each SciFi half side will be precisely adjusted in run position and then removed for
the adjustment of the second half. A rough pre-adjustment will be carried out before the insertion
on the assembly and storage frame.
This kinematic philosophy implies the use of the spherical joint also for the bottom carriage in order
to decouple the rotations around X, Y and Z local axes. If the C-Frame structure is relatively flexible
and the mechanical backlash between components too big, this could not give the expected results
and could compromised the overall system stability.

2.4 Conclusion
A kinematic analysis has been carried out for the SciFi main supporting structure. Different kinematic
philosophies have been proposed. Benefits and drawbacks were discussed.
Up to now the isostatic constrained system seem to be the better one to avoid uncontrolled
deformation and additional forces and to be handle during the survey.
A comparison with the complete prototype that will be assemble at CERN in April 2018 will be
provided. Modifications suggested from the comparison and lessons learned will be also reported.

3 Finite element analysis
A finite element model has been created to evaluate and investigate reaction forces, stresses and
deformation of the principal supporting structure (Figure 12).

3.1 Materials
Aluminium alloy has been used for almost all the components of the supporting structures. For the
parts in the acceptance (cables and horizontal modules stiffener bars) carbon fibre (CF) has been
applied. Figure 12 shows the materials distribution on the FEM.
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Figure 12. FEM geometry, relevant details and material distribution on the FEM

Table 1 reports the principal mechanical properties of the material used for the analysis.
Table 1. Principal mechanical properties of the material used for the analysis
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The modules have a particular material that has been set ad hoc to provide the correct weight and
stiffness. A proper elastic modulus and geometry has been assigned to the modules in order to
simulate the proper mechanical behaviour, similar to the behaviour of the real and more complex
structure. To compare the structure behaviour the simplified modules structure has been compared
with a more detailed model of a single modules (Figure 13, Figure 14 and Figure 15).
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Figure 13. Module sag under its proper weigh comparison between the full detailed and the simplified modules structure

Figure 14. Module torsional stiffness comparison between the full detailed and the simplified modules structure

Figure 15. Module natural frequencies comparison between the full detailed and the simplified modules structure

3.2 Boundary Conditions and constraints
The distance between carriages have been taken from the 3D model. However, since from the
preliminary analyses the vertical forces shared between the two top carriages were unbalanced, the
EDMS: -
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outer top carriage has been moved in X direction as much as possible in order to balance the vertical
reaction forces. In Figure 16 the constraints of the main supporting structure with the ground have
been shown.

Figure 16. Main boundary conditions with the ground

The constraints between the modules and the main supporting structure have been reported in
Figure 17 and the constraints between the vertical and the top and bottom plates have been shown
in Figure 18.
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Figure 17. Boundary conditions between the modules and the main supporting structure.

Figure 18. Constraints between the vertical and the top and bottom plates.

3.3 Loads
The principal load comes mainly from the proper weight of the structure. Figure 19 reports the
masses of the global structure and of other components.
EDMS: -
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Figure 19. Masses of the structures

In order to simplify the FEM some component, for which is not interesting to retrieve the
deformation and stresses, is not directly modelled. The load coming from the mass of these
components has been applied directly as a distributed force. For the NOVEC manifold, only the cover
frame has been modelled. A distributed force of 200N has been applied on the bottom internal
surface of this component to simulate the load coming from the mass of the other components of
the manifold not present in the model (Figure 20). The cooling blocks and the electronic boards with
the proper frame have not been modelled. A remote force, distributed on the proper surface, has
been applied for each set of component (Figure 20). The services and cables weight can be seen as a
distributed load along the structure. To avoid complicating the FEM, the best way to apply this load
is by increasing the density of the structure where these components are attached.
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Figure 20. Additional loads from the components not modelled in the FEM

3.4 Mesh
The mesh of the FEM is shown in Figure 21.

Figure 21. Mesh of the FEM

The global mesh quality is enough precise for a preliminary investigations of the global deformation
of the system. For further local stress and deformation investigations the mesh will be refined closed
to the interested areas or sub-models will be created. A mesh sensitivity analysis has been also
carried out.

3.5 Reaction forces
The reaction forces observed on the top supports are reported in Figure 22.
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Figure 22. Reaction forces at the supports
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3.6 Deformations
The global deformation has been reported in Figure 23.

Figure 23. Global deformation

The directional deformations along the principal axes have been shown in Figure 24.

Figure 24. Directional deformations
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3.7 Stresses
The stresses distribution analysis is more delicate than the deformation investigation. A much higher
level of details and smaller mesh size is needed in particular in the zones where the stress gradient is
high. A really preliminary global stress distribution is reported in Figure 25.

Figure 25. Directional deformations

The maximum Equivalent stress is almost everywhere below 20 MPa. Some areas reach a maximum
Equivalent stress of 146 MPa.

3.8 Conclusion
A preliminary Finite Element Analysis and the results obtained have been reported. A new finite
element model, updated with the last modifications on the structure, will be released soon and a
comparison with the prototype that will be assemble at CERN in April 2018 will be provided.
Modifications suggested from the comparison and lessons learned will be also reported.

4 SciFi Prototype
A full scale prototype of a half station of the SciFi detector will be assemble at CERN starting from
April 2018. Up to now some components are already at CERN. In particular the supporting frame for
the assembly of the prototype and in future the full production is in the Assembly Hall at Point 8
ready for the assembly phase (Figure 26). The prototype will be assemble in about 2 months.
Different tests will be carried out on the prototype to investigate the functionality of different
mechanical systems (carriages, approaching and stopper mechanism) and compare the analytical
and computational studies.
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Figure 26. Assembly frame at CERN ready for the assembly of the SciFi half station prototype
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