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OUTLINE

ATLAS

= Evolution of the layout

* From more than 10 configurations for a sector...
» ... tothe openissue : Can we screwed the MM quadruplets on a spacer?

* What are the MM layout options #3A and #3B
= Thermo-mechanical simulations with screwing of the MM wedges (option #3B)

« Methodology: progressive approach
« Exchange of materials for the structures (aluminum vs G10)
« Comparison of the results

= Conclusion

« Impact on the design of the quadruplets?
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EVOLUTION OF THE LAYOUT

More than 10
configurations
for a sector !

Agreement to
build wedges for
both sTGC & MM

2 options to build
a MM wedge

3 options to do
the assembly of
the 4 wedges !

Option #1 — all is glued
Option #2 — external frame
Option #3 — central spacer

3 configurations are
considered :

\

ATLAS

Results?

Option #3: Double kinematic
supports to separate sTGC

Simulations of the wedges made of
2x4 modules, fixed with kinematic
supports on a spacer-frame

2 options to build the 2 MM wedges
(modules vs full size wedges)

and MM wedges

Asking for simulation of the
full size MM wedges by
screwing them on a spacer
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ATLAS

= Layout option #3A (Saclay proposal — Patrick P. and Patrick G.)
« The 2 MM wedges are made of 2x4 (or 2x3) modules
« The modules are fixed on a spacer frame by using kinematic mounts
* Floating quadruplets, no external constraints

= Layout option #3B (CERN proposal — Joerg W. and Givi)
* Full size MM wedges, the 2 MM wedges are screwed on an aluminum spacer
« Screwed quadruplets, external constraints must be taken in account (friction factor, tear
forces of the screws)

Option #3A Option #3B

2013/04/18-19

At least 288+48 (2x3 modules per
sector) adjustable kinematic supports
(per NSW) are needed

Access to the electronic is reduced by
the part of the T profile which is
needed to fix the kinematic supports

Radial overlaps are needed to limit the
dead zones

Flatness at 50 microns seems feasible
(2m?)

No external constraints on the
detectors (a lot of simulations have
been done)
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Only 48 kinematic
NSW) are needed

Access to the electronics is closed

only in front of the
of the sector

No radial dead zones

Feasibility of the flatness at 50
microns should be demonstrate (6m?2)

supports (per

3 kinematic mounts

The external constraints can
deform or damage the detectors (it
should be studied)
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: : : : : . ATLAS
= Thermo-mechanical simulations with screwing of the MM wedges (option #3B)

Preliminary remark, valid for all the talks done
by the Saclay NSW team:

In all cases the thermo-mechanical simulations
are made with simplified modelling*. The results
must be considered as predictive tendencies
and not as absolute values.

* The detailed design of the structures is not defined
* The tension of the mesh is not included (simulation in progress)
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ATLAS

= Methodology: Progressive approach

«  Why? The final modelling should take in account the friction factors coupled with
the tear force of the screws (FEA with contact elements). No-linear calculation
induces very long time consuming. Today we need one night to do the computation
with simplified model. (geometry, pre-processing, computation and post-processing
— only 2 simulations per week)

* How? Instead of a lot of tests, we decided to use simplified modelling to reduce the
number of simulations

« Plan ? for the thermo-mechanical simulations (weight + temperature gradient 2°C)

- Step 1. The MM sector without the screws (all is glued, aluminum excepted for
the skins)

- Step 2: Full size wedges with aluminum, only screwed on the external frame
of the spacer

- Step 3: Full size wedges with G10, only screwed on the external frame of the
spacer

- Step 4 (a consequence of the result of step 3): 2x3 modules screwed on the
external frame of the modules

- Step 5: Introduction of the friction factors (no-linear calculation), but before

this...maybe a step 4-Bis can be required
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Screwing of the MM wedges (option #3B)

of their origin (datasheet is needed for all of them)

Material used for the simulations:

ATLAS

For the composite materials, the mechanical characteristics are fully dependent

FR4  Aluminum 5056

2013/04/18-19

1950 129.7
17000 2999
0.37 0.3
15x10°  23x10°
03 150
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Paper G10 Aluminum
48 1900 2770
2800 24000 71000
0.24 0,3 0,3
20x106 13x106 23x10
0.13 0,3 150
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_ ATLAS
= Step 1to 3: Full size wedges (sector 5)

= Geometry, boundary and loading conditions
» Full size wedge + spacer
« 3 kinematic mounts on the spacer
« Self weight, Inclined at 0.704°, temperature gradient in Z direction AT=2°C

ALk
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B: Thermique stationnaire
Température

Type: Température

Unité: *C

Temps: 1

27/03/2013 13:04




E
ATLA

= Step 1: The MM sector without the screws (all is glued, aluminum except for the

skins)

« Displacement on IP side

C: Structure statique
Déplacement total
Type: Déplacement total
mmmmm

27/03/2013 13:00

0,072086 Max
0,064467

0,011136
0,0035169 Min

Global 3D
<0.1mm

2013/04/18-19

C: Structure statique

Déplacement directionnel 2

Type: Déplacemert drectionnel ( Axe Y )
Unité: mm

Systéme de coordornées global

0,0040231
0,0018315
-0,00036009
-0,0025517
-0,0047433
-0,0069349 Min

~0.02 mm

If all is glued, the displacements out of
the plane are under 50 microns
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= Step 2: Full size wedges with aluminum, only screwed on the external frame of ﬁwe

TLAS

spacer (no sliding for the screws)
« Displacement and stresses for the spacer

C: Structure statique
Déplacement total 4
Type: Déplacement tatal
Unité: rmm

Temps: 1

29/03{2013 15:32

0,086524 Max
0,077223
0067922
0,058821
0,04932
0,040019
0,030718
0,021416
0,012115
0,0028143 Min

Global 3D
<0.1 mm

2013/04/18-19

C: Structure statique
Contraints équivalents 2
Type: Contrainte équivalente (Von-Mises) - Haut/Bas
Unié: MPa
Temps: 1
29j03{2013 15:40

19,118 Max

2

1,705

1,5011

1,2516

1,0022

0,75269
0,50323
0,25377
0,0043043 Min

~19 MPa

Displacements of the spacer are under 100 microns but the stresses
are increased by a factor 10
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: : : .rﬂru.s
= Step 2: Full size wedges with aluminum, only screwed on the external frame of the
spacer (no sliding for the screws)
« Displacement on IP side and stresses for the wedge

C: Structure statique
Contrainte équivalente 4
ainte équivalente (Von-Mises) - Haut/Bas

€: Structure statique
Déplacement total 2
Type: Déplacement total
Urdté: mm

15:51

o . ’
':u-:'rde coordonnées gobal
032013 15:3%
0,015002 Max ~15 MPa
Global 3D ~0.03 mm (“without the effect of
~0.08 mm the displacement of the spacer”,

friction factor is not included)

Displacements (due to thermal expansion) out of the plane are under
50 microns but the shear stresses are increased by a factor 10 :
The gluing of the skins can be broken !
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ATLAS
= Step 3: Full size wedges with G10 and paper honeycomb, only screwed on the

external frame of the spacer (no sliding for the screws)
« Displacement and stresses for the spacer

F: Structure statique
Déplacement tokal 5
Type: Déplacement katal

Unite: mm F: Structure statique
Temps: 1 Contrainte équivalentes
03/04/2013 09:51 Type: Contrainte équivalente (Wor-Mises) - HautBas
Unité: MPa
0,14215 Max
0,12644 Temps 1
011074 03/04§2013 10:08
0,09503
s 65,7615 Max
0,063616 1
0,047909 0,87514
0,032202 0,75029
0,018495 0,62543
0,00078847 Min 0,50057
0,37572
0,25086
0,12601

0,0011486 Min

Global 3D ~7 MPa
< 0.15 mm

Displacements of the spacer are increased to 0.15mm and will deform the
wedges out of the plane. The stresses are increased by a factor 5.
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ATLAS
= Step 3: Full size wedges with FR4 and paper honeycomb, only screwed on the

external frame of the spacer (no sliding for the screws)
« Displacement on IP side and stresses for the wedge

F: Structure statique
Déplacement total 3
Type: cement total
Unité:

03{04/2013 09:55

0,051528 Max
0,045886
0,040245
0,034604
0,028963
0,023321
0,01763
0,012039
0,0063977
0,00075649 Min

04/04/2013 16:17

0,0073138 Max
0,00559%1
0,0038784
0,0021607
0,00044302
-0,0012747
-0,0029924
00047101
-0,0064278
-0,0081455 Min

Temps:
03i04/2013 10:09
71877 Max
1
0,87501
0,75002
0,62503
0,50005
0,37506
0,25007
0,12508
9,0547e-5 Min

Global 3D ~0.02 mm (“without the effect of
~0.05 mm the displacement of the spacer”,
friction factor is not included)

Displacements of the spacer are increased to 0.15mm and will deform the
wedges out of the plane. The shear stresses are increased by a factor 5.
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: : : : ATLAS
= Due to the increasing of the shear stresses, it has been decided to study the

effect of cutting the wedge (step 4)
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ATLAS
= Step 4: Geometry, boundary and loading conditions (sector 5)

« 2x3 modules + spacer
« 3 kinematic mounts on the spacer
« Self weight + Inclined at 0.704° + temperature gradient in Z direction AT=2°C
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: : : ATLAS
= Step 4: 2x3 modules with aluminum frames and aluminum honeycombs, only

screwed on their external frame on an aluminum spacer (FR4 skins 0.5mm)
« Displacement for the modules on IP side

C: Structure statique

09/04/2013 15:21

Globhal 3D =

0,0540%4
0,048154
0,042294
0,0363%4

~70um

0,024593

0,012793 Min

C: Structure statique
Déplacemert drectionnel 3

Déglacement droctionnel 2 "
Type: Déglacement drectconel { Ax Type: Déplacemant drecticnnel { Axe 2 )
Unité: mm Uniké:
SSSSS de coordonnées gobal Systéene do coordorndes giobal
~ i ;;7;;;;115’5 ~ I Ool lm
I l z 2013 15:2
3 5 m 05/04/2013 15:24
0,0072711 Max 0,04009 Max
0,00629; 0,026943
-0,00067454 0,017789
-0,0046474 ? 0,0066359
-0,0086202 0,0045174
-0,012593 0,015671
-0,016566 0,026824
-0,020539 0,037977
-0,024512 0,04931
-0,028484 Min “0,0602084 Min
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: : . ATLAS
= Step 4: 2x3 modules with aluminum frames and aluminum honeycombs, only

screwed on their external frame on an aluminum spacer (FR4 skins 0.5mm)
« Stresses for the modules on IP side

C: Structure statique
ortrante équvalente
C: Structure statique

Contrainte équivalente

Type: Contrainke équivalente (Yon-Mises) - Haut/Bas
Unité: MPa

Temps: 1

09/04/2013 15:29

09/04/2013 15:32

29,516 Max
X

29,616 Max
20

17,5

15

12,5

10

7,5

5,001

2,5001
7,1803e-5 Min

2,5001
17,1803~ 5 Min

Up to ~29 MPa localized on the holes of
the frames, but this is not a problem for ~2 MPa
aluminum material
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: : . ATLAS
= Step 4: 2x3 modules with aluminum frames and aluminum honeycombs, only

screwed on their external frame on an aluminum spacer (FR4 skins 0.5mm)
« Stresses for the spacer

C: Structure statique

Conkrainte équivalente 3

Type: Contrainte équivalente (Yon-Mises) - Hauk/Bas
Urité: MPa

Temps: 1

09/04/2013 16:02

21,211 Max
2

1,7506

1,5012

1,251

1,00z4
0,75299
0,50359
0,25419
0,004784 Min

Up to ~21 MPa but this is not a problem for aluminum material
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ATLAS
= Step 4: 2x3 modules with G10 frames and paper honeycombs, only screwed on

their external frame on a G10 spacer (FR4 skins 0.5mm)
« Displacement for the modules on IP side

~50um
Globhal 3D
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TLAS
= Step 4: 2x3 modules with G10 frames and paper honeycombs, only screwed onA -

their external frame on a G10 spacer (FR4 skins 0.5mm)
« Stresses for the modules on IP side

F: Structure statique

Contrainte équivalente 2

Tvpe: Contrainte équivalente (Won-Mises) - Haut/EBas
Unité: MPa

Temps: 1

11j04/2015 0935

8,4189 Max

1

0,575

0,75001
0,62501
0,50002
0,37502
0,25002
0,12503
3,2319e-5 Min

Up to ~9 MPa but localized around the holes
Less than ~2MPa for the skins
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ATLAS
= Step 4: 2x3 modules with G10 frames and paper honeycombs, only screwed on

their external frame on a G10 spacer (FR4 skins 0.5mm)
« Stresses for the spacer

F: Structure statique

Contrainke équivalente 3

Type: Contrainte équivalente (Yon-Mises) - HaukjBas
Unité: MPa

Temps: 1

11/04/2013 09:39

7,8721 Max

1

0,8751

0,7502

0,6253

0,5004

0,3755

0,2506

0,1257
0,00080494 Min

Up to ~8 MPa but this is not a problem for G10 material
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« Comparison of the results from stepl to step 4

Options for the Full size Full size
MM wedges (FR4 | glued with screwed with

skins 0.5mm for aluminum aluminum

Full size
screwed with
G10

ATLAS

2x3 modules | 2x3 modules
screwed with | screwed with
aluminum G10

all options)

Displacement out
of plane of the ~20 ~30
quadruplets (um)

Stresses for the
: ~5 > 15
skins (MPa)

Stresses for the

the structure ~10 ~19

(MPa)

Comments Assembly The increasing of
procedure to the shear
get a planar stresses can
sector with a break the gluing

full size 6m?is of the skins.
not under Can we improve
control the design?

~7

~35 ~18

~2 ~9

~29 ~8
It should be

The assembly is not

so stiff, but we can
have under control

the displacementout  tgke in account

of the plan

LRESHEEED e Can we machine a

the detailed very flat spacer

Can we machine made of G10 ?

a very flat spacer

made of G10 ?

design of the
modules

Don’t forget that the tension of the mesh is not taken in account (new simulations in progress)
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ATLAS

= Conclusion

For the full size wedge, the main issue is the shear stresses induced in the glue film used to fix
the skins (up to 15MPa)

* Intheory, the problem can be solved by cutting the skins and addition of a expandable profile
(few microns). A new simulation should be done to check this: Step 4-Bis

If it is needed, can we design a full wedge with a segmentation w.r.t. the width of
the PCBs (450mm)

A radial flexible profile should be added between each couple of PCBs or skins, is
it realistic ?

=
=

~10mm

| |
The bending of the quadruplets is the result of the thermal expansion. This deformation will be
amplified, if we have not full contact with the spacer: The flatness and the symmetry of the
guadruplet, after construction and after assembly with the spacer are crucial.
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Thank you for
your attention !
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