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Who am I

Silas Bosco 
Mechanical Engineer at LHEP, Uni-Bern

Mechanical Engineer with diverse background in R&D

- 1997-2001 Apprenticeship as a mechanic

- 2001-2006 Dipl. Ing. FH in mechanical engineering 

- 2007-2013: Project leading Engineer at Rychiger AG 
Filling and sealing machines for Nespresso

- 2013-2020: Engineer and testpilot at Advance Thun AG 
Paraglider development and testing

- 2020-2022: Product Engineer at 3S Swiss Solar Solutions 
R&D of mechanical parts for PV-systems
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Outline

• Key Documents

• Requirements

• Design Elements & Status / CAD model 

• Key Analyses / Performance Assessment

• EH&S / Codes & Standards

• Open design issues / Final Design plan

• Summary
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131.ND.02.02 Module Structures: Documentation Reference
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Module Structures Documentation Description EDMS Link

Module Structures Folder Top level folder for Module Structures documentation https://edms.cern.ch/project/CERN-0000217524

Requirements Spreadsheet with all ND-LAr requirements, see sheet "Module Structures (02)" https://edms.cern.ch/document/2589287

Internal ICDs Interface control documents (ICDs) internal to the ND-LAr Consortium https://edms.cern.ch/project/CERN-0000223195

Analyses Collection of analyses write-up: FEAs, bench testing, 2x2 prototype evaluations https://edms.cern.ch/project/CERN-0000230730

QAQC Plan Subsystem QAQC plan with focus on high-level QAQC test plans https://edms.cern.ch/document/2613192

Manufacturing Plan Subsystem Manufacturing plan with focus on manufacturing methods of key items https://edms.cern.ch/document/2613193

Procurement Plan Subsystem Procurement plan with focus on procurement management of key items https://edms.cern.ch/document/2613194

Previous Review Tracking Spreadsheet with previous review recommendations, see "Module Structures" https://edms.cern.ch/document/2741842

Cost High-level cost estimate for ND-LAr and subsystems https://edms.cern.ch/document/2742778

Schedule High-level "one-pager" schedule for ND-LAr Consortium activities https://edms.cern.ch/document/2603073

CAD Model (Row Assembly, TPC Assembly) Solidworks "Pack & Go" and Parasolid exports of CAD models https://edms.cern.ch/project/CERN-0000230732

Mechanical Component Drawings Subsystem mechanical component drawings https://edms.cern.ch/project/CERN-0000228155

Mechanical Assembly Drawings Subsystem assembly drawing https://edms.cern.ch/project/CERN-0000228156

Parts List Subsystem parts list https://edms.cern.ch/project/CERN-0000228161

Electrical Cabling and Wiring Specification Specification of electrical cables/wiring https://edms.cern.ch/project/CERN-0000228157

https://edms.cern.ch/project/CERN-0000217524
https://edms.cern.ch/document/2589287
https://edms.cern.ch/project/CERN-0000223195
https://edms.cern.ch/project/CERN-0000230730
https://edms.cern.ch/document/2613192
https://edms.cern.ch/document/2613193
https://edms.cern.ch/document/2613194
https://edms.cern.ch/document/2741842
https://edms.cern.ch/document/2742778
https://edms.cern.ch/document/2603073
https://edms.cern.ch/project/CERN-0000230732
https://edms.cern.ch/project/CERN-0000228155
https://edms.cern.ch/project/CERN-0000228156
https://edms.cern.ch/project/CERN-0000228161
https://edms.cern.ch/project/CERN-0000228157
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131.ND.02.02 Module Structures: Requirements / technical specifications
https://edms.cern.ch/document/2589287/1
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https://edms.cern.ch/document/2589287/1
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ND LArTPC Row Design 
(simplified)
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https://edms.cern.ch/document/2630602

https://edms.cern.ch/document/2630602
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ND LArTPC module support structure
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Liquid Argon distribution

Module support
Module row support frame

4-way-cross 

feedthroughs 

and top flange
Support struts 

(connection to 

cryostat lid)

Link to assembly drawing: 

https://edms.cern.ch/document/2742796/1

https://edms.cern.ch/document/2742796/1
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ND LArTPC module support frame
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Requirements: 

- Support for 5 modules (max. 500kg each) -> total ~2’500kg

- Deformation under load lower than 1mm

- Low heat transfer to cryostat lid through connections

- Temperature-induced deformation as uniform as possible

Welded frame made 

from rectangular 

stainless steel tubes, I-

beams and shaft hubs

Support struts with 

joints for the connection 

to the cryostat lid 
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ND LArTPC module support frame
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FEA load analysis: 

Results: 

- Deformation under load: 0.74mm 

(Requirement < 1mm)

- Factor of safety > 4 

-> Satisfies the requirements

Key structural elements calculation: 

https://edms.cern.ch/document/2748423/1

https://edms.cern.ch/document/2748423/1
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ND LArTPC module support structure

10

FEA load analysis: 

Results: 

- Deformation of the G10 plate occurs  

in this simulation because the 

influence of the side walls is neglected 

(walls greatly stiffen the entire system)

- G10 plate will be thicker to get 

deformation smaller than 1mm 

(-> change after PDR)

G10 Plate Thermal-Structural FEA:

https://edms.cern.ch/document/2748848/1

FEA - Report: 

https://edms.cern.ch/document/2748848/1

https://edms.cern.ch/document/2748848/1
https://edms.cern.ch/document/2748848/1
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Liquid Argon distribution
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Johnston coupling 

(interface to cryogenics)

Unisolated section 

(easier and cheaper)

Vacuum jacketed 

isolation

Phase separator 

(Interface to field structures)

Engineered by DeMaCo,

D0735606

https://edms.cern.ch/document/2458074/1
https://edms.cern.ch/document/2667863/1
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Module support
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Concave and convex washers 

for angular adjustment

Countered screws for vertical 

adjustment
Nuts and screws 

(Interface to field structures)

Flexures for uniform temperature 

equalisation and low heat transfer 

(Calculations from K. Skarpaas)

Stainless steel plate

G10 plate

https://edms.cern.ch/document/2667861/1
https://edms.cern.ch/document/2737096/1
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Feedthrough for HV , instrumentation and calibration
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SS-guidance pipe 

for HV-cable

Guidance flange for 

HV-pipe, cable routing 

and cable strain relief

HV grounding

(referring to A. 

Karchers talk)

-> Cable routing and installation procedure in I&I talk



06.27.2022 S.Bosco | Module Structures

ESH Codes and Standards
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• Adheres to all ESH codes/standards established by LBNF/DUNE Project plus home institutional ESH 
requirements

• All Near Site deliverables must satisfy FNAL FESHM requirements

- 2x2 Program providing experience through ORC process

- https://eshq.fnal.gov/manuals/feshm/

• Specifically ND-LAr has completed an initial review of applicable areas of FESHM, found at EDMS 2602421

- Cryogenic System Review (FESHM 5032)

- Feedthrough pressure rating & test (ASME Section VIII, non-standard devices)

- Feedthrough flange pressure rating & test (ASME Section VIII, non-standard devices)

- Cryogenic lines pressure rating & test (ASME B31.3)

- Design and construction of structures at FNAL (FESHM 5100)

• ND-LAr has also completed a Hazard Registry in coordination with the ND sub-project, found at EDMS 2663898

https://eshq.fnal.gov/manuals/feshm/
https://edms.cern.ch/document/2602421
https://edms.cern.ch/document/2663898
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Open Design Issues / Path to FSD & FDR
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• Further mature interface documents to FDR level (e.g. calibration and grounding)

• Optimisation regarding statics and heat transmission (e.g. G10 plate, connection legs)

• Final CAD design, completion of all ICD and associated interface drawings, 
completion of production drawings for FSD module 

• Build and assess an FSD module:

https://edms.cern.ch/document/2630602/1
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Summary
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• The CAD model and associated design documentation is developed and in-place to continue to 
final detailing and construction of the FSD module

• Remaining technical challenges will be addressed through continuation of prototyping program 
(2x2, FSD)

• Requirements and interfaces are at the appropriate level of maturity for preliminary design; 
systems and methods are in place to continue their maturation

• Ready for the final design phase and construction of the FSD module


