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Introduction
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The development of a simplified overall OEC FEA model to perform thermo-mechanical simulations, which can help
giving results to the Pixel Collaboration towards the Global Mechanics & Integration FDR and beyond, is currently underway in
Milan, since the beginning of January 2024.
The purpose is to build a sufficiently detailed FEA model, maintaining number of nodes/elements within the calculation
capability currently available in Milan. So, the idea is to proceed step by step, starting from a basic model and adding more
detail as possible.
The first attempt produced a preliminary model, called “version 0”, of about 5 million of nodes, which can converge to the
solution in a reasonable time.
This model is currently being implemented into a more complete version1.
This presentation shows the progress in this business and the main aspects to be defined to proceed.
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Overall OEC FEA model v.0 

Starting point: simplified overall OEC FEA model which can converge to a solution, called “version 0”.
Main reference: the last updated Peter Sutcliffe’s OEC CAD model: 

np49-04-100_issI.stp, dated 2021-09-06 - EDMS: https://edms.cern.ch/document/2052151/2 
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https://edms.cern.ch/document/2052151/2


FEA model v.0 includes:
• Assembly of the three layers (L2, L3, L4): half-shells with end flanges, interlinks, mounting lugs, Half-Rings (n.22x L2, n.16 x

L3, n.18 x L4).
• Front and rear supports and high Z joints.
• VEE and FLAT sliders (front and rear)
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Overall OEC FEA model v.0 



Half-ring assembly in the FEA model v.0 includes:
• CFRPs.
• Carbon foam.
• Lugs.
• Bus tape (necessary to obtain the right HRs deformation
in thermo-mechanical simulations).

Intent: never include the geometries of the Pixel modules in
the FEA model, defining their masses on their reference
surfaces (possibly adding footprints on CFRPs).
Cooling pipe and fittings are too expensive to be modeled as
geometries, so they could be considered as added mass.
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Overall OEC FEA model v.0 



Materials
defined as follow:

 Half-ring facings: CFRP K13C2U/EX1515 [0/90/0] Vf 48.9% – orthotropic properties calculated using EsaComp(R) software.
 Half-ring carbon foam: LM K9 (0.40 g/cc).
 Half-ring lugs: ULTEM 1000.
 Half-ring bus tape v.6: laminate orthotropic properties calculated using EsaComp(R) software.
 Half-Shells with end flanges: CFRP M55J/EX1515 [90/45/-45/0]S, Vf 46.5%, 620 µm thickness - orthotropic properties

calculated using EsaComp(R) software.
 Interlinks/ mounting lugs: ULTEM 1000.
 OEC front and rear supports: face sheets: CFRP M55J/EX1515 [90/45/-45/0]S; core: honeycomb.
 VEE/FLAT support sliders: Titanium.

NOTE:
ANSYS ACP is too expensive in terms of nodes/elements to be used to model composites in this model, so we decided to
proceed using their orthotropic properties.

Overall OEC FEA model v.0
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Half-shells material
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properties of the HCS calculated by EsaComp software, as orthotropic solid.

Shell thickness: 620 µm 



FEA Mesh
Nodes: ≈ 5 million. Elements: ≈ 1.5 million of 3D quadratic bricks, average aspect ratio: 10. 

This model takes about half of the current calculation capability…further improvements are still possible.

Overall OEC FEA model v.0
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Pixel detector fixation conditions

Overall OEC FEA model v.0
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Ref.: Global supports specifications for ITK Pixel - AT2-IP-ES-0007_V4.docx
EDMS: https://edms.cern.ch/file/2016196/4/AT2-IP-ES-0007_V4.docx
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ITK Pixel Fixation conditions sketch Kinematic assembly sketch

https://edms.cern.ch/file/2016196/4/AT2-IP-ES-0007_V4.docx


FLAT
UY = 0

FEA Constraints on support sliders

Overall OEC FEA model v.0
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VEE
UX = UY = 0
UZ = 0

FLAT
UY = 0

VEE
UX = UY = 0

FRONT REAR



Loads
Load step 1 : Gravity Load step 2 : Cooling down

Thermo-Mechanical FEA of the OEC model v.0
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Thermo-mechanical Simulation of FEA model v.0 converges to solution

Warning: results shown in this slide are qualitative only, due to the lack of modules/services masses in the FEA model.

Total deformation
Deformation scale factor: 25
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FEA model v.0 proves the capability to
manage a thermo-mechanical simulation
of the overall OEC within the current
calculation limits in Milan.

Thermo-Mechanical FEA of the OEC model v.0
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Overall OEC FEA – towards the v.1 model

Implementation of the FEA model
The version 0 of the overall OEC FEA model is currently being implemented in a more “complete” version1.
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Overall OEC FEA – towards the v.1 model

Masses to add
A complete FEA model requires a precise definition of the masses not directly modelled via CAD
geometries/densities, to be added as distributed masses over reference surfaces. The masses of interest are listed
in the table below (see highlighted cells), all should be referred to one OEC.

Ref.: AT2-IP-EN-0024 (rev.1.0) Description of the Global Mechanics and Integration Sequence for the Endcaps.

41.875   tbc! 

(1) (1)

(1) Masses actually applied to one OEC in Tim’s FEA (ref.EndcapShellModelStaticDeflection.wbpj)
(2) Mass applied to one OEC in Tim’s FEA: 44 Kg (?)

(2)
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Type-1 services (CO2 cooling lines and electrical services) will be implemented in the FEA model as distributed masses,
without their specific 3D geometries. Type-1 services, for each layer, are allocated to a dedicated annular volume, between
the inner surface of the half-shells and the outer circumference of the half-rings, as shown below.

Masses of OEC Type-1 Services

Reference for dimensions:
Peter Sutcliffe’s envelope drawing (2019)

Overall OEC FEA – towards the v.1 model
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In previous simulations (Tim),for each half-shell, the Type-1 electrical services were bundled into four identical (red) annular 
volumes whilst the Type-1 cooling structures were grouped together into a (green) fifth annular volume.

IST

L2

L3

L4

Now: relevant bundle surfaces must be imprinted on the inner
wall of the half-shells and divided up into as many sections as
the half-rings. The length of each section varies according to the
Z position of the half-rings.
Distributed masses on footprints (all layers):
Type-1 electrical services - mass: 24.3 kg 

Type-1 cooling lines - mass: 4.7 kg 

Masses of OEC Type-1 Services

Overall OEC FEA – towards the v.1 model
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Masses of IS, IST, beam pipe
The overall load due to the Inner System is calculated by summing the mass of the IS (73.70 kg), the IST (6.40 kg), and the
beam pipe (3.65 Kg) (3). The assumption is that this total mass (83.75 Kg) is shared equally by the two OECs.
IST will be added to the FEA model as a continuous shell passing through the entire endcap, to account its stiffness, with
assigned thickness = 0.6 mm and the same material properties of the half-shells. In the FEA model IST will be connected to the
front/rear supports of the OEC by simplified supports. Assuming the mass of IST comes via geometry/calculated density in
the FEA model (3.20 Kg), in conclusion the distributed mass to be applied on the lower half of the IST should be:

[73.70 Kg (IS) + 3.65 kg (b.p.)]/2 = 38.675 g (to be confirmed). 

FRONT REAR IST support

Overall OEC FEA – towards the v.1 model

(3) Ref.: AT2-IP-EN-0024 (rev.1.0) Description of the Global Mechanics and Integration Sequence for the Endcaps.
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Mass of the OB Type-1 services
The OB Type-1 services run in a cylindrical corridor supported by half-shells at inner radius 327 mm, while the outer radius of
the L4 half-shells is 325.1 mm. Not known, for now, engineering details of the connection between them through the gap of 1.9
mm, so the mass of the OB Type-1 services has been applied on to the outer surface of L4 half-shells at radius 325.1 mm.
The mass of the OB Type-1 services, to be applied as uniformly distributed mass on to the two Layer 4 half-shells in the FEA
model, should be 53.6 Kg (see note (2) in slide #13).

Overall OEC FEA – towards the v.1 model
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Masses of the Pixel Modules
The masses of the Pixel modules loaded on each half-ring flavour were calculated for the step1 of the thermo-mechanical
simulations carried out for the bare LS FDR (Oct. 2021). Below the results of this calculation.

Overall OEC FEA – towards the v.1 model

Ref.:  AT2-IP-ER-0010-1_v.0-Inputs_for_the_Thermo-mechanical_Finite_Elements_Analysis_of_the_HalfRings
EDMS: https://edms.cern.ch/document/2474998/3

https://edms.cern.ch/document/2474998/3
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Masses of the half-rings evaporators
The masses of the evaporators of the half-rings, each one composed by cooling pipe (titanium grade 2), electrical breakers
(alumina ceramic of 97.6% content) and fittings (titanium grade 2), have been calculated by ANSYS via geometries/
materials density defined in the half-rings FEA models.

 L4 half-ring evaporator: m = 5.100 g  

 L3 half-ring evaporator: m = 4.578 g

 L2 half-ring evaporator: m = 4.406 g

L2

L3

L4

Overall OEC FEA – towards the v.1 model
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Missing data for a complete definition of the v.1 FEA model 

What is still missing for a complete definition of the model v1?

 C-rings supporting the Type-1 Services could provide significant stiffness to the half-shells: if available in a
reasonable time, these geometries could be added in the FEA model (Tim).

 Reaction forces due to the thermal contraction and internal pressurization of the Type-1 cooling lines,
calculated by dedicated FEA simulations (Liam).

 The total mass of 83.75 Kg due to the IS, weighing on the two OECs, must be confirmed (Danilo?).

Overall OEC FEA – towards the v.1 model
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Simulations list
As soon as the version 1 of the FEA model will be ready, simulations can start.
To define a list of simulations to do, is useful to have a look at the Global Mechanics Specifications.
Table below shows the loads relevant to the OEC global supports and is a summary of section 4 of AT2-IP-ES-007 Rev 2.
Highlighted in yellow the relevant for this study.

Thermo-Mechanical FEA of the overall OEC model

Ref.: AT2-IP-EN-0024 (rev.1.0) Description of the Global Mechanics and Integration Sequence for the Endcaps.
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Table below is a compilation of specifications from section 6 of AT2-IP-ES-007 Rev. 4
and summarizes the performance specifications the endcap global supports must meet.

Simulations list

Thermo-Mechanical FEA of the overall OEC model

Ref.: AT2-IP-EN-0024 (rev.1.0) Description of the Global Mechanics and Integration Sequence for the Endcaps.
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It’s fairly clear that the first steps should be:

1. Simulation of the gravitational deflection of the OEC @+20°C (Spec. ID 3), applying g = 9.806 m/s2.             
Requirement: Sag < 0.5 mm.

2. Modal analysis of the first vertical vibration mode (Spec. ID 3). 
Requirement: f0 > 25 Hz.

3. Thermo-mechanical simulation of the OEC in nominal operating condition: iso-thermal temperature @ -45°C 
(OTR) applied to all the structures and gravity g multiplied for safety factor 1.5 (Spec. ID 1).
Requirement: no violation of the envelope.

Is all this in time for G&I FDR scheduled in march 2024? 
Not possible to say now, every possible effort will be made, but it depends on a good response of the model.

Following:
4. Failure condition: one layer @ -55°C, two other layers @ -45°C, gravity g multiplied for safety factor 1.5?

5. Stability FEA studies (Short term and Long term).

Simulations list

Thermo-Mechanical FEA of the overall OEC model



Conclusions
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 The development of an overall OEC FEA model to perform thermo-mechanical simulations is currently underway in
Milan, since the beginning of January 2024.

 A preliminary simplified FEA model, called “version 0”, works well and can converge to the solution of a thermo-
mechanical analysis in a reasonable time.

 The preliminary FEA model is currently being implemented to a more complete version 1, which include all the
masses and the relevant geometries, with the purpose to perform significant simulations for the OEC Pixel Collaboration,
towards the G&I FDR and beyond.

 Some data from the Pixel OEC Collaboration are necessary to proceed, they are listed in this presentation.

 A list of the priorities regarding the FEA simulations has been established and presented today.

 The management of INFN and ATLAS group in Milan approved our proposal to implement the FEA calculation capability
two weeks ago. The timing is unpredictable for now but, reasonably, within few months we should be able to manage
and solve more complex FEA simulations.



Back-up slides
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Masses of IS, IST, beam pipe

Ref.: AT2-IP-EN-0024 (rev.1.0) Description of the Global Mechanics and Integration Sequence for the Endcaps.
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Routing of Type-1 services

Ref.: F. Gannaway model file: DISC_ARRAY_INNER_LH_ASM_29-6-22.stp
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