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The Hyper-K Underwater Electronics Assembly project I N F N
PADOVA

Letter of Intent The staring point of the project

CERN-SPSC-2023-021 / SPSC-1-260
716/08K2023 & ® .-

4 The Hyper-K Assembly project at CERN 36
4.1 Planned activities . . . . . . Lo 36
4.1.1  Assembly of the underwater unit . . . . . . . . ... ..o Lo 37

4.1.2  Electronics tests . . . . . . . L 39

4.1.3 Pressurized tests . . . . . .. L L 40

4.1.4  Long-term tests . . . . . . L L 41

4.1.3 Pressurized tests

. L . the water-tightness at the pressure to which it will be exposed in the FD tank.
Once the assembly of an underwater electronics unit is completed, a custom-made setup will be used to fully & ! !

. . . . . . The conceptual model of the pressurized tank is shown in Fig. 25. Such test has vet to be fully studied.
test both its mechanics and the electronics performance in the same conditions (pressure and temperature) as : :

. . . Th ssurized tank has to be engi red, designed, studied with finite-element analysis (FEA) and, -
inside the Hyper-K FD tank filled with water. Such test shall be performed under pressure, also to validate e pressurized tank hes to be engineered, designed, studied with finite-clement analysis ( ) and, even:

tually, approved by the CERN Occupational Health and Safety and Environmental Protection Unit (HSE),

before being purchased. A mechanical engineer will be necessary for this task. The design shall be optimized

also for an easy opening and closure of the underwater vessel and shall ensure an easy and safe routing of

the PMT cables from the vessel feedthroughs to outside the pressurised tank setup.

where we jumped in
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Test report

» Starting point:
+ Design of Adamo of the pressure vessel and Underwater Unit
+ Cable and connector characteristics from Takemoto-san

+ AXON-FT,
+  Diameter: 10.1mm

+ Bending Radius : 80.8mm (x8 or diameter)

+  Cable : Hard black polyethylene

+ Cable end : There will be BNC on RG58 and SHV or SMB on RG174
« COM-FT

+  Diameter: 10.1mm

+ Bending Radius : 101mm (x10 or diameter)

+ Cable : Black polyethylene, a bit softer

Analog signals
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Solutions: the vessel
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- Operating Pressure 12.5 bar

- Cooling included

- Excluded the use of mixed atmosphere ( air + water )
- Pressure Equipment Directive (PED) (2014/68/EU)
- PV Class 0 if no water insidd No CE marking! Cost

Stainless Steel vessel: prototype without cooling! I N F N

PADOVA

The pressure test vessels are pressure vessels under the scope of the CERN safety rules
GSHFM-2 and SSIM-2-1 (and thus the Pressure Equipment Directive 2014/68/EU, in short
the "PED") . The applicable European harmonized standard for such equipment is the EN
13445.

These pressure vessels shall be CE marked, if applicable. This requirement depends on the
categorization of these vessels according to the PED. Considering the information in the
Letter of intent (EDMS 3064039Letter of Intent), the minimal design pressure of the
pressure test vessels shall be PS >= 1farg.

If the test fluid is only pressurized watgrthen the CE marking is applicable if the design
pressure PS > 1arg AND the volume of the pressure test vessel V > 10L AND the release
energy PSV > 10000 bar L.

The EC declaration of conformity

A user manual

Drawings

Mechanical strength assessment note (including buckling analysis)
The materials certificates (base material and filler material)

The qualified Welding procedure Specifications (WPS) used

- Discussed with HSE at CERN, fully accepted the operation of the  The associated Welding Procedure Qualification Records (WPQRSs)
vessels provided pressure tests are performed by a certified companyrhe qualification certificates of the welders appointed to execute the weldin

and all documentation is provided.

operations
Equipped with safety valve CRPS¥2028, Adjusted at 160 PSI ~ 11 Bar
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Solutions: the vessel

Stainless Steel vessel (version 2)

INFN

PADOVA

* Nominal Pressure 10 bar
«  Water quantity without test vessel inside > 155L (conservative)
+ Vessel Weight > 60 Kg (without considering Buoyancy)

FEM

» Pressure 15 bar
+  Water quantity 200Kg
+ Vessel Weight - 60 Kg (without considering Buoyancy)
+  Welding:
- Vessel
- Legs to Vessel
- Welding with TIG

} Important to verify and simulate

impianti

X FM

+ Material: Stainless Steel 304

R

Testresults at 15 Bar Safety factor ~ 4
Maximum displacement ~ 0.2 mm

6 Vessel produced produced, increasedv.r.t. original plan but at the same cc
2 13t t IdivénBHEM extremely useful! Thanks to the referees for the support!
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Solutions: feedthrough ID type

Constrains: no modification on the cable possible!

Thecable is already equipped with its connector !

Spacerequirements for connector dimensions to be taken into account.

®
J

Modular approach:

oo @
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@
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3D printed?
Molded ?
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Failed! Still leaks despite: the glue used
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Magic Rubber Magic Rubber

Technical features
Description

Dielectric strength:
Fast cross linking bicomponent rubber >20KV/mm

Cross linking time:

15 minutes at 23°C

Bicomponent insulating liquid rubber, extremely conformable and fluid, flexible, elastic and re-enterable In just a few

minutes, transforms into a rubber with very high dielectric, thermal, mechanical and elastic characteristics. el
Volume resistivity:

For installation up to 1kV "
>2x10% Qcm

Low smoke, toxic and corrosive gas emissions
Dielectric strength:

Ideal also for casts and moulds

No shelf lif >23 kV/mm
L] o shelf life

Specific weight:

1,22 approx

Degree of protection:

Buy on-line 1P68 (in proper casings)
Product Choose an option -
B & y on l .
Datasheet 1

Product
Bicomponent insulating liquid rubber, extremely conformable and fluid, flexible, elastic and re-enterable In just a few

minutes, transforms into a rubber with very high dielectric, thermal, mechanical and elastic characteristics.
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Choose an option

Dielectric strength:
> 20 kV/mm

Cross linking time:

15 minutes at 23°C

Volume resistivity:

>2x10 Qem
Dielectric strength:

> 23 kV/mm

Specific weight:

1,22 approx

Degree of protection:

IP68 (in proper casings)
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Insertion and removal repeated
several times to check theoring-
robustness/elasticity

No damage observed, funnel to
simplify the insertion/removal of
the connector for the future.
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Solutions: feedthrough ID type

Main flangeadaptation for testing§ ? WA~ Nt s YUG ! Waqas YW[ NWe 2 ¢ R
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Only two OD feedthroughs available: mounted on setups and not freely usable
(CERN and York)

QE S Composition:

! - 8. 1. Feedihrough body, exposed part in SUS316 with passivated finish.
2. Feedthrough overmold, black PE
3. Type RG174AM coaxial cable &2 30mm nom, water-block, black PE outer sheath.
4. Coaxial SHY male connector for type RG174A/U cable {12x)
5. Coaxial SHY female connector for type RG174A/U cable {12x)
6. (O-ring, green flucrocarbon elastomer (2x)
7
3
9.
1

. Flat zeal, natural silicone.

. Screw CHC M32x10 + washer + lock washer, SUS316 with passivated fimish (Gx).
Paolyolefin heatshrink tubing

0. Optional black PE overmolding {12x)

Main charaeteristics:

Sipathth through wiring (e.g. linear end-to-end connection for each of the 12 channels)

Voltage rating for cables and connectors: 1200Vdc (normal operation, 2250Vdc testing voltage)
Agzembly maintain voltage withstanding under 1MPa pressure.

Max DC current: 1.54

Temperature rating: 10~50°C

@54 nom. to fit customer's flange

[ e

We have evaluated the elastic properties of the material. Thereis a
too large difference between the cable diameter and the needed
hole dimension for the SHVto gotrough the custom O-ring (ala ID)

(30)

2050£50 WV
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OD Feedthrough

Az RaqUWt e #EIE + neds Wf qlls ¢ m "j:...Y )

yper-
— Wt Geadwaet Ws ¢t Wt G’YG]G]IJILIJnYILIJYUIJLIJYn

3D printed cylinders (see pictures).

Once the final feedthrough with final connectors will be delivered to PD, Stefano will
perform the needed tests and finalize the design.
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OD Feedtrough bRt t 2 1I W

Received the final design from AXON with quotes I N E,OI\)I

6 ] 5 I 4 V4 3 I ) 1 e pscmois
REV MODIFICATIONS [oRawn_Evfcecken e DATE
A Creation GJ SLn | 26/03/186

(150)

|——(32.85)—-
B ﬂ <
$9.004 .25

e (26.75)

‘ 45.30+.75

Composition:

1. Type RG174A/U coaxial cable 82.80mm nom.
2. Coaxial SHV female connector for type RG174A/U cable
3. Black PE overmolding

PRELIMINARY DRAWING
Voltage rating for cables and connectors: 1500Vdc (not tested for this application) [ ‘
Temperature rating: 10~50°C

i T e | AXON'
o

— axon' & =

A A Designed a dedicated new test box

Part produced using OD mold. Indicated tolerances apply to OD pre-serial production only and may be revised after process stabilization and
capability assessment.

CUSTOMER N TITLE «
oo SHV overmolded 15cm pigtail

Product is not electrically tested. e 200m
SIZE  [AXON' RiD ref.: eV
@ | - 100674 (Rl
This drawing is the property of Axon', and is issued on the condition that it is not copied or disclosed to any third party without prior written consent from Axon’ Interconnect Ltd. [scur - uo. RiD10067 sveEy 1 o 4
[ I ] I 4 N 3 ! 2 I 1
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Final design OD Feedtrough test
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Final design OD Feedtrough test
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Some pictures from the setup inLegnara

UU inside the vessel prototype

Electrical control
unit with indicator
LEDs
Pressure

: sensor
Level switch Safety valve

it

10 bar analog gauge
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User interface

T Buttons are available to start or stop the process
flow in every step of the test.

T The dashboard is providing the user all the
information on the status.

T The interface provides online plots constantly
updating.

T Every key parameter (pressure, temperature,
testing time,etc8 W WH¢ UWAHWWIICEt RGO !
the user interface.

T Limits and constraints can be set for automatic
control of the pressure.

T An emergency stop button is available.
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