
Straw tube mechanical design progress and status.
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Outline
• Mechanical activities:
a) Studies of straw tube mechanics:
b) Set preliminary requirements.
c) Straw analysis by formula and by FEM analysis.
d) Proposal and carbon fiber production components.
e) Assembly tooling design.

• Carbon fiber frame prototype 1200X800mm progress based on 
current geometry.

• Current prototype.
• Conclusions.



Straw tube mechanics studies .
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We have studied the behavior of straw tubes to verify the stability and the
precision that we can obtain.
The analysis is based and biaxial stress and strain theory. These results need to
be confirmed by experimental measurements.

• Straw elongation and radial displacements with pressure with closed end.
• Straw behavior with open ends and internal pressure with seam or not.
The tungsten wire studies allow to evaluate the minim axial tension required.

These steps are necessary to evaluate the forces applied on the supporting
structure forces and momenta.

We have to evaluate forces applied to the external frame structure in all
construction phases.



Frame structure main requirements.

11/7/2022 Collaboration meeting Frascati F. Raffaelli INFN Pisa 3

• The frame structure must align straw tubes with an accuracy of 0.1mm.
• The frame structure must allow the straw assembly procedures easily.(Gluing crimping, 

sealing, testing etc.)
• The frame must hold a maximum pressure of 2 bar with an appropriate safety factor .
• The structure must guarantee the gas tightness. (leak rate comparable to the straw leak).
• The frame structure must avoid the straw compression during all phases; construction, 

handling and transportation.
• The CF Frame must guarantee the maintenance of the minimum required tension on the 

tungsten wire.
• The structure must allow the qualification tests. 
• An easy access for maintenance and repair.
• The frame structure must integrate the readout electronic and the gas distribution.
• The frame structure must be integrated with other straw modules.
• The frame structure must have features  that allow the insertion of the straw module in the 

supporting structure inside the calorimeter.



Frame structure manufacturing proposal.
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• CF profile that integrates the straw positioning grid.

Aluminium or steel CF Mold Details CF mold Cutting lines

Machining the straw grid

Carbon Fiber Profile

Backing material is 
necessary to avoid 
delamination during 
the millining machining



Frame structure manufacturing proposal.
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• The advantage of integrate solution is that we build a reference system during 
the machining with only one placements on the milling machine. 

X

Y

0.0

Reference Hole Diameter 6mm Slot 6mm
The structure is much 
stronger fillet radius 
2.5mm 

All grooves are parallel 
to Y axis with the 
machine precisions.

Momentum due to the pulling force due of the 
straw shortening and tungsten pre-loading are 
taken over by this strong section.



Frame structure manufacturing proposal.
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• With the same mold we can obtain a grid that is flushing on the straw.

Top part with single scarf glue joint. 

We want to live access to perform all operations on the straw 
ends (cutting, glue ends, wire inset sealing and testing.



The frame structure must align the straw with an accuracy of 0.1mm.
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• The structure have features to allow the right positioning of the straw. The precision on 
that feature must be of the order of 0.050mm.

• Additional external and internal positioning features are required. 

Internal positioning feature and glue area

External positioning features

Restrain holes to the
mounting plate an lid 
connection

This has been engineered based on prototype



Carbon fiber assembly tooling.
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Aluminum Base Plate 1500X1000 mm thickness 20 mm with reference holes for precision pins. We realized that we need a large 
plate.

Glue Area

We glue the lower frame part 
and the corner block at the same
time, using the corner block to 
applies pressure to the glue.

Mold release om 
a pins.
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Prototype 1200mm x 800mm carbon fiber.



Main mechanical steps of the straw assembly.
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• Glue the straw to the frame with pressurized straw.
• Cutting the straws.
• Operations of inserting the tungsten wire, glue plugs, wire preloading and 

crimping.
• We have to connect them with Electronics flow the gas and verify and test.
• Complete the straw frame with the top part.
• Handling the structure
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ESACOMP
ACP ANSYS

Material used for the Straw frame analysis.
Properties calculation Fabric Plain wave MJ46 Fiber content 55% vol



No Top cover; frame restrained to the table.
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17 plies (90/0)9 MJ46 (55% vol) plain wave 200 gr/m2 Ply Reference thickness 0.22-0.2 mm total thickness 3.6-3.96mm

Pressure applied 0.118 bar on the frame holder
Max displacement 0.1mm.

Restrain points to  mounting table

Areas on pressure applied
by the minimum required 
tungsten wire tension.

Materials used in the model
Solid Four corners aluminum
Frame MJ46 composite.
Holder module to 60 Gpa



No Top cover; frame restrained to the table.
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18 plies (90/0)9 MJ46 (55% vol) plain wave 200 gr/m2 Ply Reference thickness 0.22-0.2 mm total thickness 3.6-3.96mm

Pressure applied 0.118 bar on the frame holder
Max displacement 0.055mm.

Restrain points to  mounting table

Areas on pressure applied
Additional central corners
Restrained to the table



Top cover installed no restrains
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18 plies (90/0)9 MJ46 (55% vol) plain wave 200 gr/m2 Ply Reference thickness 0.22-0.2 mm total thickness 3.6-3.96mm

Pressure applied 0.118 bar on the frame holder
Max displacement 0.026mm. Beam analytical model 0.044mm.
In the beam analytical model the corner are pin jonts (free to rotate)

Areas on applied pressure by minimum 
required tungsten tension

This values is well below deformation caused of 20 gr of loss of 
wire preloading (1.25). (2*0.026mm=0.052mm)



Lid design and sealing

11/7/2022 Collaboration meeting Frascati F. Raffaelli INFN Pisa 15

Removable sealing Threebond 1530, 1212 compound /or rubber 
or o-ring 3mm with an aditional part.



Lid design and sealing
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Lid is seating on the corners

Corners

Clearance for sealing 
between corners and lids

5x5mm step



Lid analysis pressure 2 bar.
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Pressure applied 0.2 Mpa 2 bar
Max displacement 0.1mm.

7 plies 90/0/90/0/90/0/90 MJ46 (55% vol) plain 
wave 200 gr/m2 
Ply Reference thickness 0.22-0.2 mm total 
thickness 1.4-1.54mm

Distance of connection 
FEA model 150mm in the 
actual design 100mm



Pressure on the frame
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Applied pressure 0.2 Mpa 2 bar. 
The max displacement is 1.5mm on the long side.
The max displacement on the short side is 0.55mm.
To reduce the max displacement is necessary to reduce
The distances between the connections. In the model the distance 
is 262.50mm

Considered 16 Plies
final thickness 3.52

Failure index with max 
stress criteria does not 
show critical layers.



Current most advance prototype
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Internal pressure gives
Straw stability.
After cut the residual axial stress
Gives stability to the straw tube.



Conclusions.
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• A construction study of the composite frame has been address.
• An assembly procedure has been developed for the prototype 1200X800 

based on experience on a small prototype.
• Preliminary analytical and fem calculations look very promising. Additional 

analyses are required to address the handling operations.
• The design can be improve it: the differential pressure considered so far(2 

bar) should be changed to the max operation differential pressure (1 bar).
• Further detail analysis has been addressed for the 4 meter straw. We have 

the possibility to increase the in plane frame stiffness extending the sides in 
the active straw volume maintaining the same structure thickness (28mm).

• Analytical analysis has been addressed for the 4 meter straw.



Additional 
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Cutting the straw at the right length.
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The initial force Applied to the frame after cutting the pressurized 
straw is independent of the length. It is linear related to the initial 
pressure and geometrical parameter like area radius, thickness and 
Poisson ratio. 
The force is rapidly extinguished with the frame displacements.

Fo
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e 
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)
Displacement (mm)

4 meter straw

0.8 meter straw

The two plots show the forces 
applied to the frame as function of 
deflection of the frame. We can 
assume that  displacements are 
distribute equally on the two sides 
of the frame. For instance for a 4 
meter straw the initial force on 
each side is 0.942 N and it is go to 
zero when the displacement is 
1.25mm.
In the case of 800mm straw the 
force goes to zero when the 
deflection of the frame is 0.25 mm



Step two the pre tensioning of the Tungsten wire 
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Each wire must have a proper axial tension to guarantee the stability. The frame deflection reduces the initial pre 
tensioning applied. So the frame must have a sufficient stiffness to guarantee a given loss of axial tension. Elastically 
stability on the straw requires to avoid compression axial stress. The deflection on one side of the frame is a function of 
the 60/80grf flexural rigidity, the span of the frame.



Step two the pre tensioning of the Tungsten wire 
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Old section
New section

The stiffness of the section can be increased extent it 
inside the straw active area without increase the 
thickness (28mm) and change the material. These 
could be necessary for the 4 meter straw.



Tungsten wire considerations
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Assuming to loose a wire tension of 20grf.
We can allow a displacement of 6.2mm for 4 meter wire and 1.25 mm for wire 
length 800mm.

These consideration are setting the frame stiffness.



Tube seamless with plugged ends with 2 bar pressure Fem analyses.
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FEM Longitudinal disp. 2.417mm analytical 2.497mm stress vm ana 21.6 Mpa FEM 21 Mpa
FEM radial disp. 11 mm analytical mm 10.535 mm.
Experimental result longitudinal disp. Per meter 0.7mm
For 4 meter 4x0.7mm 2.8 mm the relative error very small
Comparison disp. with force:
Analytical with no metal 1 meter 300 gr 1.949mm experimental 1.7mm

No metal



Pressure tube with seam with plugged ends.
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Thickness 30 mm .4mm

If the two end are restrained the displacement is 14 
mm if only one end is held  the total displacement is 
70mm.  In the two restrained ends I have to verify the 
reaction on the restrain ends.

Straw with both ends plugged with one end held.

Straw total length 4 meter

Straw with both ends plugged with two ends held.


