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Your Way To Fusion Machine
Through our complete setbfesign Advisory Services

Prototyping Ar

Structural AssessmentsA S

Structural Analysis A
[ ]

A CFD Analysis

sto morethan 28 yearsof experienceand collaborationin FusionMachinedike ITER,DEMO, W7X, JET,DTT, FTU,
nd é , LTCalcoli has a demonstratectapability of assistingthe designof a fusion machineby proposingdesign
tionsto solveelectromagnetiand structural issues,verifying the Fusion Machine designaccordingto standards
omaticinternally developedlesigntoolsandaddresgoward prototypes
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Design

CAE Solutions Solutions

Trainings

N AElectromagnetic Analysis  AStructural integrity studies  AFinite Element Method
AElectromechanical according to SDaGC, Theories
(@ analysis ASME and RCGMR. A SimuliaAbaqus
-S APlasma Disruption with AEngineering consultancy A Ansys Workbench
‘ MAX FEA from design to prototype AAnsys APDL
" A Structural mechanics ADesign by Analysis AHypermesh
Q AThermal analysis ADesign by Rule
@ AThermestructural analysis
(V) AFluid dynamics (CFD)

AVibroacoustic
AFatigue analysis
AFracture Mechanics
AElastePlastic Analysis
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LTCalcoli has an establishedexperiencein the design by analysisof Therme
NuclearFusionReactordrom a strongandlong-term collaborationwith:

V ITER Organization

V ENEA (italian National Agency for New Technologies, Energy and Sustainable Economic
Development)

o FTU (TokamakUpgrade)
o FAST
o DTT
o0 IGNITOR
W7-X IPP
STEP(in Consortiumwith IDOM UK)
EUROFusion Program:
o DEMO
0 VNS
CEA-WEST
JET

MaritimeFusion

< <<

< < <O©°

CNR ISTP (the Italian National Research Council Institute for Plasma Phy*C‘I I STP

90% of LTCalcoli revenisscoming fromcontractson Fusion Machines

FUSION

FOR
ENEN FOR
E DTT

UK Atomic
Energy
(P _
{_)) EUROfusion | Authority

| Consiglio Nazionale delle Ricerche  MAX PLANCK INSTITUTE
FOR PLASMA PHYSICS
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CYBER
ESSENTIALS
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EachContracthas itsoreference
numerical codé used for each S — 1
communication with Customer | '
(mail, presentation, report ..)

EachDatareferred to the
Contract is stored in the
oReferenced Codmarea

EachComputerand each
Computational Servds backed
up every night into the storage
servers

CONTRACT

__________________________________________________________________________________________________
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\_/ Servers

A #1 DELL 64 Coresi 768 Gb RAM

A #1 DELL 48Coresi 768Gb RAM

A #1 HP 24 Coresi 720Gb RAM

A #1 HP 24 Coresi 520Gb RAM

A #1 DELL 32 Cores- 128Gb RAM

A #1 DELL 24 Coresi 192Gb RAM

A #3 Storage:servers for.data:managing

/

Softwares

A DS/Simulia(ABAQUS)

A ANSYS/Mechanical

A ANSYS/Fluent

A MSC
NastranPatrantADAMS/MARC

A Altair Hypermesh

A Intel Fortran

A MatworksMatlab

A CATIAVS5
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Number of Experts

1996 2000 2005 2010 2015 2023 2025

® Plasma m Electro Magnetic m FEM & Structural m CFD = Neutronic = Total

July2025



vour Partner inComputerAided Engineeri
- LT C A L C O L I our Partner in Sl;f:;:ti;gé e gineering

DRAWING

A Any taskwill go troughquality contrel procedure
at differentlevelsof activity.

CAE MODEL

VUSTOMER:

i ‘ CAE MODEL
’ :I:].'IE'::;R NAME:

AUTHOR

A At eachlevel the task will be controlled at least
by two investigatorsOneanalystinvestigatorand
COMPLETION DATE: ANALYST CHECK LIST . . - ) h
F e @ oneindependeninvestigator
— INDEPENDENT CHECK LIST [

CONTROL 0*°

POST PROCESSING

All the nie
1 System (mak.
AEML_ VoI e POST PROCESSING
the modeliatiol H
1.1.3 Have you made preo
1.1.4 Have you verified thi
1.1.5 Have you tested on

ANALYST CHECK LIST

1.2—600mdry
{2y ®
23 Have you chec! INDEPENDENT CHECK LIST

Geometrv.
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All the power of Virtual Prototyping on Cloud Application

Copyright © 2012, LTCalcoli srl :

Optimize the product by yourself in 3 steps:

STEP 1 Choose your model

== < View your results

=9 2 Insert your parameters

* Minimizing model optimization cost
:’ * Benefiting from super-computing infrastructure the pre-defined parameters

while paying only for the effective use * No need for FEM knowledge
« Saving time acting directly on the calculation model + Reducing time to market

« Updating the results easily by changing

Benefits

EP 2 757 495 A1

(18)

9

{11 EP 2 757 495 A1

(4] EUROPEAMN PATENT APPLICATION
(43} Dato of publication: (61} e CL:
Z307.2014 Bulletin 2450 GOGF 17i50 HEN
(21} Application numbar. 14151934.8
(22} Dato of fing: 21.01 2014
(B4} Dasignaied Contracting Stales: (72} lewentors:
AL AT BEBG CHCY CZDE DK EE ESFIFR GB = Lucca, Flavio
GRHRHUIEIS T LILT LU LV MC MK MT NL NO 23207 Marats (LT) (I}
PLFTRORSSESISKSMTR » Sitzia, Danicla

Dasignated Extonsion S2atos:
BAME

(30) Prioriry: Z2.01.2013 IT GE201 30002

(71} Applicars: LT. Caleeli SAL
23807 Marats (LT} (IT)

02017 Sant’ Antioca (C1) (IT)

[74) Rapresantative: Karaghiosoff, Giorgio
Alossandro
Studic Karaghiosoff @ Frizz S.r.L

Via F. Baracca 1R 4° pianc
17100 Bavona (IT}

(E4)  System for para finite

(BT} A Fnita Elemant Modaling [FEM) system, pro-
widing Finite Elamant Analysis (FEA) for numerical mod-
wling of physical systoms in a varity of anginearing dis-
ciplings, comprising means for generating a finits ole-
mant modal, dats peocassing maeans, resulk dalivering
maars for dabaring e resuits so obtained 1o a user,

i

wharaintha finile slement model genemted is further pa-
rametorized, and a user interface & provided for chang-
ing the parsmators of the finte cloment modal and for
entering such paramatars inlo said data peocessing

means.

P by Jeurve, TEOH PAGES (13
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S, Mises
(Average-compute)
815E+06
225E+06
197E+06
169E+06
141E+06
114E+06
86E+06
S58E+06
30E+06
2E+06

AutomatediToolsfop performingstructurakassessments

STRUCTURAL ASSESSMENT GENERAL DATA:

=1.33

=11

TITLE: Equatorial Port Plug # 02 SUBCOMPONENT:
COMPONENT: Port Plug Body POINT OF ANALYSIS: Path 1
ENVIRONMENTAL CONDITIONS:
Temperature T= 70 [°C]
LOADING DATA: LC#01
Criteria level CL= A [adim ]
Primary membrane stress intensity P = 110 [MPa]
Primary membrane plus bending stress intensity Pb+Py = 199 [MPa]
ALLOWABLE DATA (stress intensity):
Allowable primary membrane Sm = 147 [MPa]
'UCTURAL ASSESSMENT GENERAL DATA Bending shape factor K 1.50 [adim ]
Mulppe Smax ) Toul STRUCTURAL ASSESSMENTS:
Multipipe Smax Sij Stress
RBE3251.11 Rules for preventicn of P-type damage - Elastic analysis
Plot limit Linear stress —, _ Sm _ 147 [MPq]
(i (G3)al - Nonlinear SM = o o110 [MPa]
CRITERIA LEVEL ‘ (i) Bending snf K*Sm 221 [MPa]
SYMBOL VALUE REFERENCE l%“?P*"““% - SM = — R MPa)
Critera level oL A Ref. 1] section RB3260 e segment L+Pp
(Gi)m Ment:
e —— Automaticreportgeneration
LOAD CATEGORY | STRESS BREAKDOWN SYMBOL ;
O | On  On i Tn i Tz | Tog Owm
cyclic loads:  {Membrane stress Pn 0
Bending stress P, 0
FATIGUE DATA [MPa & cycles]
COMPONENT VALUES VON MISES NUMBER OF
LOAD CATEGORY | STRESS BREAKDOWN SYMBOL RANGE CICLES
O On Oun T Tn Tn Owm n;
Primary cyclic loads Cyclic primary stress range AP, +0.67°P,) 0 0 0 0 0 0 0 . . e
Py ey 1o = E=

cyclic loads

Sec

cycli

principal airection -

- Automatic structuralAssessmentool
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EM Wire Elementin‘Ansys

ThedEM wire elemeng are developed for the evaluation of eddy currents ofVassel and Odessel pipes avoiding the use of
solid elements in electromagnetic analysis

LTCalcolhas developed and introduced into Ansys EM codedE wire elemeng defined asigrid to grid 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
dimensional conductors with electrical properties equivalent to those of the pipes themselves.

EM-wire elements of blanket manifold
. T Lorentz Forces per unit length on the
= pipes modelled with  fAiEM wire element ©
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Example or Activities
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Cryoplant _—

Optical Systems#

Outlet

Support Frame [
Copper Shell Preload

-

Vacuum Systems Thermal Insulation systems Composite Material Componen
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Analysis on BM#®2

ITER BlanketstEMianalysis: o fast DW VDE Ill with 36 mslcq

o fast DW VDE Il

Analysis on BM#A0 FE model:
o Up Major Disruption Il with36 msicq
o Fast UP VDE Il with16 msecq

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
vesselkcomponents

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

Analysis on BM#2
o fast UP VDE Il with36 mslcq

o fast DW Major Disruption Il withHL6
mseq)

|
-‘..““.I
| .i

Analysis on BM#A 6st
o fast DW VDE Il with36 msicq

For each BSM two or three o DW Major Disruption Il with16 ms

disruptions have been analysed ecq
(worstcat Ilandworstcat Ill) o DW Major Disruption lll with16 ms
ecq
o DW Major Disruption Il with16 ms
ecq

July2025



vour Partner in ComputerAided Engineeri
. LT C A L C O L I our Partner in Sl'::;:ti;gﬁl e gineering

. B [T]
A completesanalysisfof TITER\F\A0 mm 2-94318
) ] 3.68695
I:I 4.53071
= 5.37448
1 6.21824
4 — 7.06201
Vacuum vessel Coarse blankets y 90577
and ribs : :I 8.74954
|} = 9.5933
l I 10.4371
1i
|
|
Divertor i Q
> 000 Force acting on BL14PL MD DW exp16ms Il - LCS y Ts)&%uuacdng on BL14PLrespectto [8.718,-1.00,0.878] -MD DW exp16ms Il - LCS

EMAnalysis

A FulltransientEManalysis

A Analysioof VDE MDcat. |/ cat Il / cat Il

A Computationof the Lorentzforcesandferromagneticforces

-12000 [—mx
My
—Mz|

14000 L s L s L L s
270 275 280 285 290 295 300 305 310 315 320

Time[ms]
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A completesanalysisof TITER\FW)10

CFDAnalysis
A Steadystate andfull transientCFDor coupledThermaiCFDanalysis

A Meshquality, checksand convergenceriteria following the ITERbestpractices
A Postprocessinganalysiof the pressuredrop, velocityof the coolingfluid.
A Computationof Heat TransferCoefficientgHTCs)
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A completesanalysisiof TITERVF\AD

ThermalFEAnalysis w
Steadystate and/or full transientThermalFEAnalyses ”"
Meshquality,checksand convergenceriteriain accordancewith ITERbestpractices
Neutronicloadsand Plasmédlux mapping

Estimationof the thermal contactconductivity

PostprocessingTemperaturefield, time history,thermal stabilizationanalysis 0

Temperature [°C]

o T I To Do

=)
-
~
)
w
S
»
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A completesanalysisiof TITERVF\AD 5, Mises

{Average-compute)
+4.446e+09
+3.600e+08

+3.043e+07
+4.693e+05

Step: EM0444

/\ Increment 5:Step Time = 1.000
X Primary Var: S, Mises
z Deformed Var: U Deformation Scale Factor: +1.000e+00

ThermaeMechanicalFEAnalysis

A Nonlinear StaticFEAnalysis

A Meshquality, checksand convergenceriteriain accordancevih ITERbestpractices
A Thermalload and EMIload mapping

A PostprocessingStressesdisplacementsreactionsand gapanalysis

A Fulltransientdynamicanalysisvith EMload for DAFevaluation

A Highquality analysigeports

July2025



vour Partner in Con A\ided Engineer
. LT C A l_ C O L | our Partner in Srlnnp;:t:; g 6| e gineering

STRUCTURAL ASSESSMENT GENERAL DATA:
p - . — TITLE: ITER SUBCOMPONENT: Beam Discontinuity
4 C 0 m]lm ete‘t lan a MS I S I O I \ COMPONENT: FW10 POINT OF ANALYSIS: Path 1
» Wi
(

ENVIRONMENTAL CONDITIONS:
Temperature T = 360 [°C]
Neutron damage, fluence Ft = 0.00 [dpa]

LOADING DATA: LC#01

Total stress range Agm 1300 [MPa]
Cyclic primary stress intensity AP 0 [MPa]
Number of cycles nj = 15000 [adim.]
Elastic strain range Ae, = 06589 [%]
Plastic strain due to primary stress range As 2 = 0.0000 [%]
= 0.0000 [%
Local plastic strain amplification Agg el
As, = 00000 [%]
Total strain range As 0.66 [%)]
inear FEM analysis
ALLOWABLE:
Fatigue cycles Nj = 6.83E+02 [cycles]
STRUCTURAL ASSESSMENTS:
Fatigue usage fraction nj _ 15000 = 2108
Nj 683 |

Fatigue Curve

tructuralassessments !
Structuralassessmentwith ITERSDE@Cand Nuclearcode (RCEMR)
Stressandload categorization

Stresdinearization

Linearand elastieplasticM-type static strengthassessments Y e

Total Strain Range [%]

0.0
1.0

Linearand elastieplasticGtype cyclicstrengthassessmentfatigueand ratcheting)
Bucklingassessments

Structuralintegrity Reportsin accordancewith the ITERprocedures
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Bolometer-Prototyping-activities
Designof the porotype (CATIA)
Designby analysisactivities(Optical CFDThermaland Structural)

Validationtestsandreporting Outlet
Patents ,§ o

Too T o T Do

Reportingactivities

Copper Shell Preload

Preload-side view | «-} e o0
Design | > Analysis - Prototype

July2025
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ENEA DTT: An exanmple ofiaccomplete Tokamaki analysis

= == — e

-1.669e+01
-2.63%+01
: +9.000e+01

lax
Node: PART-1-1.336261

TokamakFEanalysis

A Designby analysisactivities on: Toroidal coil / Poloidal Coils/ VacuumVessel/
Support/ Divertor

A EMc CFDx Thermalc Structuralc Seismid=EAnalysis

A Independentanalysigeview
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Superconductor Goil structural-analysisiofccomposite:matérials

A Themostructuralanalysisof a sectionof the Coilto verify structuralstrength

A Analysiswith orthotropic material propertiesto simulateinsulationlayers

A Detailedanalysigperformedby extensivelyusingthe sub-modellingapproach

A Failurelndexcalculatedin Abaqusby consideringhe criterion setby the customerfor this project

S, Mises
(Average-compute)
+§.i;;e+gg LHD (EM3)
+3.432e + -
+3.316e+08 (Avefgizcg"fg'ite)
+3.201e+408 2208
+3.085e+08 +4.191e-01
+2.970e+08 igﬁ;le—gi
ﬁ PR 11079001 EM3_Primary, Mises
— +2.623e+08 +4.228e-03 (Average-compute)
- +2.508e+08 -0.048e-02 +3.976e+08
\ +2.392e+08 _2.032e-01 +3.799e+08
+2.277e+08 -3:0693—01 t3e2ler08
+2.161e+08 -4.106e-01 +3.2676+08
Max: +3.547e+08 -5.143e-01 +§'8§ge+8g
Elem: JACKET_AND_Il -6.180e-01 +2.912e+
§ : Node: 105272 -7.218e-01 B
Max: +5.228e-01 +2.380e+08
@ Elem: IACKET 12.293e+08
MNode: 1483012 +1.848e+08
Max: +3.976e+08
Elem: PART-1-1.739700
Mode: 531349
—°
@ Through-thickness
— t
r
——°
@ __ar .___rr 3
@ o T ) i 2 =
r0 ro
Along-cable 7]
: Wrapping
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Fracturenmechanidsstructural-analysis, with flaws
A Structuralanalysisof a componentof fusionmachineincorporatinginitial flaws (LEFM)
Calculatiorof SIFwith AbaqusXFEMapproachto modelcornerandsemielliptical crackgmetallicmaterials)

A
A Detailedanalysigperformedby extensivelyusingthe submodellingapproachwith veryfine mesharoundthe flaw
A Verificationof the componentwith the flaw by usinghandbookmethodsbasedon FEMresults ‘/

Pari-through cracks t > 3 mm

ﬁ%z

+1.568e=+8
+0.000e+00 428
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W7-X

A Developing the FE model of the whol@X\insulation system

A Modelling aboutL000connections between the insulations |

¢
|
= \

system and plasma vessel using APDL programming &% &
X

A Performing Implicit Dynamic analysis N

Connectiongreatedautomaticallyby APDL programming
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Multi-body simulatior- load analysis\with/MSC ARAMS

A MBD simulationof mechanismgremotemaintenanceystemsNuclearplant)
A Extractloadsto be usedfor structuralanalysis

A Predictthe performancef the system(speedpowerrequired trajectory)

A Flexiblebodiescanbe added pasedn AbaqusFE modalanalysis
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