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Overview

volentibus arduum
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dRICH Mechanical Design

* Main requirements: position, clearance and envelope

« Components: vessel, detector box, aerogel
* Integration

PCB Cooling
* Main requirements

Prototype
* Design

Target R&D and Generic R&D
e Spectrometer Chamber
e High Pressure Chamber
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Mechanical Design Team
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INFN FERRARA: mechanical design
e Alessandro Saputi
* Michele Melchiorri

INFN Torino: thermal simulations and cooling
e Carlo Mingioni
* Marco Nenni

JLAB: mirrors design
e Alex Eslinger
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dRICH: main requirements
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* Envelope overall size: #3800 mm x 1270 mm

* Operating pressure: Up to 3 - 10 mbar

* Operating temperature: 22 °C

* Gas mixture: C,F¢s - Nitrogen
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dRICH: main requirements
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The major functions of the dRICH mechanical structure (gas enclosure) are to provide containment for the dRICH gas
radiator and to act as a stable frame for the optical components (the mirrors and aerogel):

* It must be light-tight.

* |t must ensure the stability of the structure under the influence of the magnetic field.

* The enclosure must withstand a differential pressure of 3-10 mbar without compromising the mirror alignment.

* The minimum amount of material must be placed within the ePIC experiment acceptance limits.
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dRICH Gas Box: mechanical preliminary design
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Front view Side view Back view

The gas box is essentially a cylindrical box made of carbon fibers,

that hosts mirrors and aerogel tiles.
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dRICH Gas Box: mechanical structure
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Exit window

Shell

Entrance window

—

The mechanical structure (gas box) consists of six main components: the shell, the
entrance and exit windows, the central tube, the detector boxes, and the quartz
windows.

All components forming the gas box are bolted together.

Gas and light tightness are ensured by O-ring and gasket sealing.
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dRICH: shell

arduum
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The shell is composed of six parts that are bolted and glued together to

ensure structural integrity and the gas/light tightness.
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The shell will be made of an 10 mm thick
carbon fibre epoxy composite.
Each laminate will consist of six layers of
balanced weave fabric, with fibres oriented
at 0°/90° in one layer and #45° in the
adjacent layer.

-



dRICH: entrance windows
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The Entrance Window will be a sandwich panel consisting of two carbon fiber-reinforced epoxy skins, each 2.28 mm
thick, separated by a 25 mm thick Nomex honeycomb core. Each skin is composed of six layers of balanced weave
laminate, with fibers oriented at 0°/90° in one layer and overlapped with +45° in the adjacent layer.

The external sides are enclosed by two solid frames made of carbon fiber (CF) or aluminum.
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dRICH: aerogel support structure
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Entrance
Window

Aerogel Case

Aerogel Tiles
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dRICH: exit windows
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The Exit Window will be a sandwich panel consisting of two carbon fiber-reinforced epoxy skins, each 4.56 mm thick,
separated by a 40 mm thick Nomex honeycomb core. Each skin is composed of six layers of balanced weave laminate,
with fibers oriented at 0°/90° in one layer and overlapped with +45° in the adjacent layer.

The external sides are enclosed by two solid frames made of carbon fiber (CF) or aluminum.
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dRICH: central tube
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Central tube

Both the entrance and exit windows are connected by the central tube. The central tube will be made of a 5 mm
thick carbon fiber epoxy composite and will have an inside diameter of 242 mm at the entrance window, tapering
to 500 mm at the exit window. This design ensures a radial separation between the vacuum chamber and the
central tube.
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PDU - detector

dRICH

The detector is composed of 211 PDUs arranged on a sphere with a radius of 1100 mm

PDU designed by
R.Preghenella
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dRICH: detector box
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PDU Detector

Detector Box

Quartz Window
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dRICH: integration with ePIC apparatus

volentibus arduum

nil

Alessandro Saputi— 17 June 2025

dRICH (yellow
harms) are bolted to
the green plates.

Green plates are
bolted to the
calorimeter
structure.



dRICH: extractio/insertion tool
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The extraction/insertion tool allows for moving the dRICH in and out, as well as shifting it in both the Z and X directions.
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dRICH: closed and open position
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Closed position

\\
Open position: no conflict with beam pipe
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dRICH: open position
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dRICH: aerogel layout
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AEROGEL LAYOUT STUDIES
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dRICH: aerogel layout
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Aerogel Density = 0.15 g/cm3.
Tile size =180 mm x 180 mm - 20 mm thick

Requirements:

Aerogel Total Thickness 40 mm

Minimize dead space between the aerogel tiles
Light-tight material on the edges of the aerogel tiles

18 cm

A
v

18 cm
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AEROGEL - Layout_A: nesting_A
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AEROGEL — Layout_A: Active Area and Dead Space
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AEROGEL - Layout_B: nesting_B
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AEROGEL — Layout_B: Active Area and Dead Space
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AEROGEL - Layout_C: nesting C
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AEROGEL - Layout C: Active Area and Dead Space
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dRICH: Cooling
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PCB COOLING STUDIES
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PDU and boards: cooling and thermal power
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Boards

Designed and
Engineered by

Roberto Preghenella Detector Box PDU = 211

(INFN-BO)

Boards

Heat Exch

dRICH PDU = 1200

dRICH Detector Boxes = 6

(%)

iPM
Popy =5 W (cooling power to be supplied to each PDU unit)
Tg;pp = -40°C (SiPM temperature)

Py =211 x5 W = 1055 W (cooling power to be supplied to each detector box)
Pyrich = 6 X 1055 W = 6330 W (cooling power to be supplied to dRICH)

Electronic Boards
Pyoardas = 11 W (thermal power generated by each PDU unit)
Thoards = 30°C (maximum admissible boards temperature)

Peor =211 x 11 W = 2321 W (thermal power generated by each detector box)
Pyrich = 6 X 2321 W = 13926 W (thermal power generated by dRICH)

SiPM
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Detector Box: board’s air cooling
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Hypothesis:
Detector box perfectly insulated
Thermal interaction with the SiPM cooling system not considered

Pypr = 2300 W

(G, T,,,) (e

Q. = 0 Joule

Disadvantages:

Risk of condensation
High noise

High vibrations

Big size of ducts
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External air intake
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Detector Box: FEE cooling
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Hypothesis:
Detector box no perfectly insulated
Thermal interaction with the SiPM cooling system considered

Pepr = 2300 W

dray air _

(SiPM +
additional
cooling)
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Inlet/Outlet pipe
diameter: 15/20 mm




Detector Box:

FEE cooling
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Condizioni su
sezione inlet: v =
1m/s, T=20°C.

Temperature
Contour T alette

6.524e+01
6.285e+01
6.046e+01
5.808e+01
5.569e+01
5.331e+01
5.092e+01
4.854e+01
4.615e+01
4.377e+01
4.138e+01
3.900e+01
3.661e+01
3.423e+01
3.184e+01
2.946e+01
2.707e+01
2.468e+01
2.230e+01
1.991e+01

[C]

Conseguenza dicio e che la
scheda piu esterna raggiunge

alte temperature.

Singola PDU, aria dall’alto

Temperature
Contour T zy

6.524e+01
6.285e+01
6.046e+01
5.808e+01
5.569e+01
5.331e+01
5.092e+01
4.854e+01
4.615e+01
4.377e+01
4.138e+01
3.900e+01
3.661e+01
3.423e+01
3.184e+01
2.946e+01
2.707e+01
2.468e+01
2.230e+01
1.991e+01

[C]
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dRICH: prototype
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PROTOTYPE and R&D projects
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dRICH: prototype
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Full-scale (1:1) prototype representing
one-sixth of the complete dRICH detector.

Status:

* The drawings are ready.

* The tender has been completed.

* Construction should start before the end of June 2025.
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dRICH: prototype
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dRICH: prototype
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dRICH: test beam setup
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dRICH: mirror for prototype
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Quartz Window: FEA
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Maximum Principal Stress (S1)

0.11653
-0.13078
-0.37809 Min

*  Maximum Principal Stress S1=1,9 MPa;
*  Maximum Deformation along Z Axis =-0,11 mm
*  Minimum Calculated Safety Factor SF_= 15

SF.>7 | = checked

e Thickness: t;=8 mm;

* Uniformly distributed (absolute) pressure over the entire surface:
0,0005 MPa (5 mbar)

* Constrains: Fixed along the edge surface

Deformation along Z Axis

0.076692
0.06391

1 0.051128
| 0.038346
0.025564
0.012782
0 Min
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Spectrophotometer Chamber: target R&D

volentibus arduum

nil

Design Pressure: 1,43 Mpa
Operative Pressure: 1 MPa

8 1 7 1
F
E
D
|

C|
B

Notes (unless otherwise specified):

¢ Parts and assemblies must be free of burrs and sharp edges.
Al e All materials must be clean, degreased, and free of impurities.

*  Any changes must be authorized.

If you have any doubts, please ask.

Parts List
TTEM [ aTY PART NUMEER DESCRIPTION NOTE
1 1 |ePIC_SPC010100-00 [Shell
2 | 2 [dRICH_HPC 010200 - 00 [Flange IN
3 | 2 |ORing Angst Pfister OR-4425
4| 1 _|Swagelok SS6M0-14
5 | 32 [1S07089-10 Plain washers - Normal series - Product
6 | 16 |DIN128-A10 Spring Washer
8 | 16 IS04032-M1D Hexagon nuts, style 1 - Product grades A
and B
9 | 1 [410sGK 14 0.2:50 Safely Valve - NIERUF
10 | 16 [ISO4017-M10x55 Hexagon head screws

WEXT ASSY DWG.

Torn ] T

ePIC Experiment

dRICH

Chamber Volume = 0,8 dm*3
Operative Pressure = 10 bar

Chamber
Spactrophotometer Chamber

o ‘ @PIC_SPC 01 00 00 -00

A

I3 T 7 T

5 T 5 iy 7 T

This chamber has been designed to study:

Gas permeability of carbon fiber
Gas transparency in the visible spectrum
Gas-aerogel interactions
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High Pressure Chamber: generic R&D
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Design Pressure: 0,5 Mpa
Operative Pressure: 0,3 MPa

AA(1:4)

Chamber Volume = 71 dm*3
Operative Pressure = 0,3 bar

Notes (unless otherwise specified):

*  Partsand assemblies must be free of burrs and sharp edges.

o Allmaterials must be clean, degreased, and free of impurities.
A+ Anychanges must be authorized.

- Ifyou have any doubts, please ask.

T wesmvwnn [
. :

This chamber has been designed to study risk
mitigation strategies for greenhouse gases.
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Quartz Window: stressé&strain calculation - t;=8 mm

Maximum Principal Strain

imizes

e Thickness: t;=8 mm;
e External diameter: D,=100 mm

* Uniformly distributed (absolute) pressure over the entire surface (d;=68mm): 0,5 MPa I
* Constrains: Fixed along the edge surface e
Maximum Principal Stress (S1) 3Lt
Safety Factor

G: Static Structural: QW1 - D100 - Shell Optimized

Maximum Principal Stress . P—

Type: Maximurm Principal Stress - Top/Bottom ?ﬂ:fi:l;zitﬂrrucmral: Q¥1-D100 - Shell Optimized

Unit: MPa Type: Safety Factor

Time: 1 Tirne: 1

6.5213 Max
5.7967
5.0721
43475
3.6229
2,6083
21738
14452
0.72459

0 Min

15 Max
7.6672 Min
1

o

Deformation along Z Axis

Global Coordinate System
Time: 1

0 Max
-0.0004576
-0.00001512
-0.0013728
-0.0018304
-0.002288
-0.0027436
-0.0032032
-0.00%6608
-0.0041184 Min

*  Maximum Principal Stress S1=6,5 MPa;
*  Maximum Principal Strain = 0,00009 SE > 7
*  Maximum Deformation along Z Axis = -0,004 mm ¢
*  Minimum Calculated Safety Factor SF.=7,6

— checked




Conclusions and NEXT Steps

nil volentibus arduum

e Consolidation of the dRICH mechanical design and cooling design: refining and finalizing the mechanical design
of the dRICH......

* Integration study of dRICH into the ePIC Apparatus: fixing system, service integration..........

« Study of the Extraction and Insertion System (Moving System): design and optimization of the moving system
used for the extraction and insertion of the dRICH detector within the ePIC apparatus

e Structural Study of dRICH: A detailed structural analysis of the dRICH detector will be conducted using Finite
Element Method (FEM) simulations.

Alessandro Saputi— 17 June 2025



nil volentibus arduum

Alessandro Saputi— 17 June 2025



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43

