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Å Plasma Analysis

Å Neutronic Analysis

Å Electromagnetic Analysis

Å CFD Analysis

ÅStructural Analysis

ÅStructural Assessments

ÅPrototyping

Thanksto morethan28 yearsof experienceandcollaborationin FusionMachineslike ITER,DEMO,W7X, JET,DTT, FTU,

STEPandé, LTCalcoli has a demonstratedcapability of assistingthe designof a fusion machineby proposingdesign

modificationsto solveelectromagneticand structural issues,verifying the Fusion Machinedesignaccordingto standards

usingautomaticinternally developeddesigntoolsandaddresstowardprototypes.

July-2025

Your Way To Fusion Machine
Through our complete set of Design Advisory Services
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CAE Solutions

ÅElectromagnetic  Analysis

ÅElectro-mechanical 
analysis

ÅPlasma Disruption  with 
MAX FEA

ÅStructural mechanics

ÅThermal analysis

ÅThermo-structural analysis

ÅFluid dynamics (CFD)

ÅVibroacoustic

ÅFatigue analysis 

ÅFracture Mechanics

ÅElasto-Plastic Analysis

Design 
Solutions

ÅStructural integrity studies 
according to SDC-IC, 
ASME and RCC-MR.

ÅEngineering consultancy 
from design to prototype

ÅDesign by Analysis 

ÅDesign by Rule

Trainings

ÅFinite Element Method 
Theories

ÅSimuliaAbaqus

ÅAnsys Workbench

ÅAnsys APDL

ÅHypermesh
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LTCalcoli has an establishedexperiencein the design by analysisof Thermo-

NuclearFusionReactorsfrom a strongandlong-termcollaborationwith:

V ITER Organization

V ENEA (Italian National Agency for New Technologies, Energy and Sustainable Economic

Development):

o FTU (Tokamak Upgrade)

o FAST

o DTT

o IGNITOR 

V W7-X IPP

V STEP(in Consortiumwith IDOM UK)

V EUROFusion Program: 

o DEMO

o VNS

o CEA - WEST

V JET

V MaritimeFusion

V CNR ISTP (the Italian National Research Council Institute for Plasma Physics)
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90% of LTCalcoli revenue is coming from contracts on Fusion Machines
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Contract 

Responsible Officer (RO)

EM analysis

Task

RO

Quality 

RO

Thermo-Mechanical 

Analysis Task 

RO

Investigators

CONTRACT 

TEAM

Investigators

Each Contracthas its άreference 
numerical codeέ, used for each 
communication with Customer 
(mail, presentation, report ..)

Each Datareferred to the 
Contract is stored in the 
άReferenced Codeέ area

Each Computerand each 
Computational Serveris backed 
up every night into the storage 
servers 
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Softwares

Å DS/Simulia(ABAQUS)  

Å ANSYS/Mechanical

Å ANSYS/Fluent

Å MSC 

Nastran/Patran/ADAMS/MARC

Å Altair Hypermesh

Å Intel Fortran

Å MatworksMatlab

Å CATIA V5

Servers

Å #1 DELL 64 Cores ï768 Gb RAM

Å #1 DELL 48Cores ï768 Gb RAM

Å #1 HP 24 Cores ï720 Gb RAM

Å #1 HP 24 Cores ï520 Gb RAM

Å #1 DELL 32 Cores - 128 Gb RAM

Å #1 DELL 24 Cores ï192 Gb RAM

Å #3 Storage servers for data managing
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Å Any taskwill go troughquality controlprocedure

atdifferentlevelsof activity.

Å At eachlevel the task will be controlledat least

by two investigators. Oneanalystinvestigatorand

oneindependentinvestigator
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Automated Tools for performing structural assessments

Automatic structuralAssessmentTool

Automaticreportgeneration
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The άEM wire elementέ are developed  for the evaluation of eddy currents on in-Vessel and Out-Vessel pipes avoiding the use of 
solid elements in electromagnetic analysis
LTCalcolihas developed and introduced into Ansys EM code the άEM wire elementέdefined as άgrid to gridέ element for the EM 
modelling of pipe, see picture below, used for the evaluation of the EM loads on pipes, avoiding the use of solid elements in
electromagnetic analysis.
The evaluation of the EM loads acting on the pipes in general can be carried out with good accuracy by assimilating the to 1-
dimensional conductors with electrical properties equivalent to those of the pipes themselves. 

EM-wire elements of blanket manifold 
ïLorentz Forces per unit length on the 
pipes modelled with ñEM wire element ò

July-2025
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EM Wire Element in Ansys
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Harsh Environment components

Optical Systems

Vacuum Systems Thermal Insulation systems

Cryogenic components

A
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Composite Material Components

July-2025
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ITER Blankets EM analysis:

E
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All the FEMrealisedby meansof
Ansysare basedon the ITEREM
Global Model (GM) which is a
general model of the ITERVV
including all the details
impactingthe EMloadson the in
vesselcomponents

For each BSM analysisthe GM
has been refined to get the
needed level of detail in the
regionof interest

For each BSM two or three
disruptions have been analysed
(worstcat. II andworst cat. III)

Analysis on BM#02:

o fast DW VDE III with 36 mslcq

o fast DW VDE II 

Analysis on BM#10 FE model:

o Up Major Disruption II with 36 mslcq

o Fast UP VDE III with 16 msecq

Analysis on BM#12: 

o fast UP VDE III with 36 mslcq

o fast DW Major Disruption II with 16 
msecq

Analysis on BM#16st:

o fast DW VDE III with 36 mslcq

o DW Major Disruption II with 16 ms
ecq

o DW Major Disruption III with 16 ms
ecq

o DW Major Disruption II with 16 ms
ecq
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A complete analysis of  ITER FW 10

E
xa

m
p
le2

EMAnalysis
Å FulltransientEManalysis
Å Analysisof VDE/ MDcat. I / cat. II / cat. III
Å Computationof the Lorentzforcesandferromagneticforces.
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A complete analysis of  ITER FW 10

E
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Å Steadystateandfull transientCFDor coupledThermal-CFDanalysis
Å Meshquality,checksandconvergencecriteria followingthe ITERbestpractices
Å Post-processing: analysis of the pressure drop, velocityof the coolingfluid.
Å Computationof HeatTransferCoefficients(HTCs).
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A complete analysis of  ITER FW 10
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ThermalFEAnalysis
Å Steadystateand/or full transientThermalFEAnalyses
Å Meshquality,checksandconvergencecriteria in accordancewith ITERbestpractices
Å NeutronicloadsandPlasmaflux mapping
Å Estimationof the thermalcontactconductivity
Å Post-processing: Temperature field, time history, thermalstabilizationanalysis
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A complete analysis of  ITER FW 10
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Thermo-MechanicalFEAnalysis
Å NonlinearStaticFEAnalysis
Å Meshquality,checksandconvergencecriteria in accordancewih ITERbestpractices
Å ThermalloadandEMloadmapping
Å Post-processing: Stresses, displacements, reactions and gap analysis
Å Fulltransientdynamicanalysiswith EMloadfor DAFevaluation
Å Highqualityanalysisreports
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A complete analysis of  ITER FW 10
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Structuralassessments
Å Structuralassessmentswith ITERSDC-ICandNuclearcode(RCC-MR)
Å Stressandloadcategorization
Å Stresslinearization
Å Linearandelastic-plasticM-type staticstrengthassessments
Å Linearandelastic-plasticC-type cyclicstrengthassessments(fatigueandratcheting)
Å Bucklingassessments
Å StructuralIntegrityReportsin accordancewith the ITERprocedures

STRUCTURAL ASSESSMENT GENERAL DATA:

TITLE: ITER SUBCOMPONENT: Beam Discontinuity

COMPONENT: FW10 POINT OF ANALYSIS: Path 1

ENVIRONMENTAL CONDITIONS:

Temperature T = 360 [°C]

Neutron damage, fluence Ft = 0.00 [dpa]

LOADING DATA: LC#01

Total stress range = 1300 [MPa]

Cyclic primary stress intensity = 0 [MPa]

Number of cycles nj = 15000 [adim.]

Elastic strain range = 0.6589 [%]

Plastic strain due to primary stress range = 0.0000 [%]

= 0.0000 [%]

= 0.0000 [%]

Total strain range = 0.66 [%]

Linear FEM analysis

ALLOWABLE:

Fatigue cycles Nj = 6.83E+02 [cycles]

STRUCTURAL ASSESSMENTS:

Fatigue usage fraction nj

Nj
21.96

683

Local plastic strain amplification
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Bolometer -Prototyping activities   
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Å Designof the porotype(CATIA)
Å Designby analysisactivities(Optical,CFD,ThermalandStructural)
Å Validationtestsandreporting
Å Patents
Å Reportingactivities

Design Analysis Prototype
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ENEA DTT: An example of a complete Tokamak analysis 
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TokamakFEanalysis
Å Designby analysisactivities on: Toroidal coil / PoloidalCoils / VacuumVessel/

Support/ Divertor
Å EMςCFDςThermalςStructuralςSeismicFEAnalysis
Å Independentanalysisreview
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Superconductor Coil ïstructural analysis of composite materials   
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Å Themo-structuralanalysisof a sectionof the Coilto verifystructuralstrength
Å Analysiswith orthotropic materialpropertiesto simulateinsulationlayers
Å Detailedanalysisperformedby extensivelyusingthe sub-modellingapproach
Å FailureIndexcalculatedin Abaqusby consideringthe criterionsetby the customerfor this project

July-2025
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Fracture mechanics ïstructural analysis with flaws   
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Å Structuralanalysisof a componentof fusionmachineincorporatinginitial flaws(LEFM)
Å Calculationof SIFwith AbaqusXFEMapproachto modelcornerandsemi-ellipticalcracks(metallicmaterials)
Å Detailedanalysisperformedby extensivelyusingthe sub-modellingapproachwith veryfine mesharoundthe flaw
Å Verificationof the componentwith the flaw by usinghandbookmethodsbasedon FEMresults

July-2025
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W7-X
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Connectionscreatedautomaticallyby APDL programming

Å Developing the FE model of the whole W7X insulation system

Å Modelling about 1000 connections between the insulation 

system and plasma vessel using APDL programming

Å Performing Implicit Dynamic analysis

Å EM analysis
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Multi -body simulation ïload analysis with MSC ADAMS   

M
u
lti -b

o
d
y a

p
p
lica

tio
n

Å MBD simulationof mechanisms(remotemaintenancesystems,Nuclearplant)

Å Extractloadsto beusedfor structuralanalysis

Å Predicttheperformanceof thesystem(speed,powerrequired,trajectory)

Å Flexiblebodiescanbeadded,basedonAbaqusFEmodalanalysis

July-2025


