
Franck Cadoux (Unige)                                                     CERN, March, 20, 2017 1

T2K Upgrade First look at TPC constraints (WAGASCI)

Working on a possible structure (BOX) to 

contain the WAGASCI elements… Water 

+ Scintillators

Material optimization… quite challenging!!
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T2K Upgrade First look at TPC constraints (WAGASCI)

Key idea: propose some “sandwich” 

material (panels) with close behavior 

of honeycombs (standard)

+ water 

(worst case scenario)

Container to be perfectly sealed

2 rows of scintillator bars embedded 

into the panel (sandwiched..)… acting as a core part!
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T2K Upgrade Design of WAGASCI container

Current situation (“panel” mounting into the Basket… Thanks to Peter Sutcliffe for providing the step model)

WAGASCI

“Free flyer” WAGASCI for the time

being… soon to be clamped to the

new basket (relying on TPC??)
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T2K Upgrade Design of WAGASCI container

WAGASCI Container (Material Pre Optimization!)

Comparison between the former Wagasci Design

and a standard design with sandwich material

(CFRP plates + Airex core)

Max deflection is 1.9mm on BOTTOM plate

(in case of conservative boundary conditions!)

Some stresses

concentration…
Overall thickness + CFRP 

plates to be optimized 

Water hydrostatic pressure

(650mm height…  pM= 0.0065 N/mm2)

Container made out of 6 sandwiched panels

Gravity

Water weight is: 1.6 Ton

Box weight is around 120 Kg…



Franck Cadoux (Unige)                                                     CERN, March, 20, 2017 5

T2K Upgrade Design of WAGASCI container

AIREX core material…

WAGASCI Container (various sorts of CORE materials)

• AIREX is OK up to 50 Mrad (guess OK for T2K…)

• Transparency to particles, homogeneous in 3D, unlike the 

honeycomb…

• Easy Bonding, not brittle, shock absorption…light!

• Used in harsh environments 
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T2K Upgrade Design of WAGASCI container

WAGASCI Container (FEA performed on a complete structure)

A few key parameters:

 CFRP Plates is 2mm thick on bottom (1mm otherwise): 

8 plies of 125 microns, laid up as [90°,0°,45°,-45°, 90°,0°,45°,-45°] 

 CFRP material is based on T300 from Torayca 

Fibers at 240 Gpa modulus, 40% resin laminate

 AIREX R82-60 thickness is a parameter to check (20mm ….to 40mm)

see table for detailed mechanical description

The FE model is parameterized to accommodate with:

 Core thicknesses… several study cases.

 Number and orientation of plies (+ material)
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T2K Upgrade Design of WAGASCI container

WAGASCI Container (FEA performed on a complete structure)

 Deflection… only the bottom panel is 40mm thick (2mm CFRP skins)  

3.8mm in this case…

Model cut in the middle for clarity

Simply supported on 4 edges

(worst case)
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T2K Upgrade Design of WAGASCI container

WAGASCI Container (FEA performed on a complete structure)

 Deflection… only the bottom panel is 40mm thick (2mm CFRP skins)

2.1mm similar to former simu (with scintillators)  

Model cut in the middle for clarity

Fully clamped on 4 edges

(to compare with former simu)
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T2K Upgrade Design of WAGASCI container

WAGASCI Container (FEA performed on a complete structure)

 Deflection… Bottom panel + side panels are 40mm thick (2mm CFRP skins)

3.5 mm deflection… the gain is limited / 20mm thick side panels…

Model cut in the middle for clarity

Simply supported on 4 edges

(worst case)
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T2K Upgrade Design of WAGASCI container

WAGASCI Container (FEA performed on a complete structure)

 Stresses… Bottom panel + side panels are 40mm thick (2mm CFRP skins)  

TSAI Hill failure criteria (should be checked < 1) 

Looks safe enough…

0.35 gives a factor of safety of 3

on a very local part (corners)
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T2K Upgrade Design of WAGASCI container

WAGASCI Container (FEA performed on a complete structure)

 Deflection… Bottom panel has a core of scintillator material (like the former simu…BUT 40mm thick!)

Central deflection < 1mm… much better (and TSAI Hill < 0.15)…

Nota: 2.4 mm in case of stronger Airex (type110)… but less transparent!

1.3 mm in case of aluminum honeycomb… but less homogeneous!

Model cut in the middle for clarity

Simply supported on 4 edges

(worst case)
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T2K Upgrade Design of WAGASCI container

WAGASCI Container (FEA performed on a complete structure)

Model cut in the middle for clarity

Scintillator plane (glued to the bottom 

panel)

Simply supported on 4 edges

(worst case)

 Deflection… 2.1mm in case of Scintillator attached to the bottom side of Airex Panel

(going down to 1.6mm in case of additional 1mm thick CFRP plate)
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2mm thick CFRP
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T2K Upgrade Design of WAGASCI container (conclusions)

• Based on FE analyses, no show stopper for a Wagasci container in 

sandwich material (water inside… much better with solid scintilator)

• Still need to assess the best core material candidate…other than Airex?

Shall we keep considering the integrated XY scintillator in the core or   

outside the core?

• Need to work out the mechanical fixations to the “New Baskets” (contact: 

Peter Sutcliffe?)

• Refine the FE Model + CAD so that the Panel to Panel connections are 

better defined (40mm thicknesses is preferred) 

• Take into account the environment issues (seismic vibration, earthquake…) 

Refer to O. Ferreira’s former studies on T2K.

• Interface issues: assess the nominal gaps between detectors (?)


