20 UNIVERSITY OF MANCHESTER

7| LIVERPOOL i

Mighty Tracker Stave FEA —
Thermodynamic Analysis

Alexander Bitadze, Bilal Ahmad Ganie, Oscar Augusto De Aguiar Francisco
Georgios Stavrakis

07/10/2026




‘2’AUNIVERSITY OF

2 LIVERPOOL

Scope

 This FEA analysis is about the effects of thermal loads on a unit of Might Tracker stave.
 The studyis about a part as shown in the pictures
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Scope

« The creo modelis a simplified model of the stave.
* There are two studies, one for a sensor with 2 zones and one for a sensor with 3 zones.
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Scope

e The same modelis used for the
two studies, with only the
sensor type changes (2 zones
and 3 zones).

* The materials are as shown in
the section detail.

 The thermal conductivity of the
materials is taken as previous
studies.

 The thermal conductivity of
Readout Flex and Hybrid Flex is
calculated from the structure of
the components.

THIRD ANGLE PROJECTION

k=

:J,,,

SEE DETAIL A—

ON

OX

//////////// W /

e

SECTION A

A

/
LT /////

DETAIL A
SCALE 20: 1

i % ’
'/, y /) yy e )
7/ / S/ i / /
y e V-
,/,' . S S
i 0 i 1 1 v o
’ 777
/ //’
/ //
/ /
.y /
6) - ~ (
() (s !

DEPARTMENT OF PHYSICS _UNIVERSITY OF |

LIVERPOOL

OLIVER LODGE BUILDING
PPPPPPP

LHCb

nnn

MIGHTY TRACKER STAVE

PART/CAD No MATER I AL CONDUCTIVITY (W/mC)
O _MT_PIXEL_STAVE_27ONES VARIES
MP_MODULE VARIES
PPO_ASSEMBLY VARIES
C-FOAM_30 ALLCOMP SD 20.300
CF-SHEET_30-13260 FIBER XY7 180.000
CF-SHEET_30-19667 FIBER XYZ 180.000
GLUE HYSOL 9396 + 30% GRAPHITE 2.500
HYBRID-FLEX HYBRID FLEX 75.281
PIXEL_2ZONE SILICON 148.000
PPO_FLEX HYBRID FLEX 15.281 297
READOUT_FLEX_30 READOUT FLEX 55.6117 2
TUBE TITANTUM 35A 14.000
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Mesh control

There is a difficulty for the mesh for the very thin parts with

large surface as the glue. This causes the minimum

temperature in results to show less than -30.
Tube and Chip zones, have independent mesh control.

Details of "Glue Mesh" - Sizing

=l Scope

Scoping Method
Named Selection

- Definition

Suppressed
Type
Element Size

= Advanced

Defeature Size
Growth Rate
Capture Curvature

Curvature Normal Angle |
{ Default (1.0 mm]
No

Local Min Size
Capture Proximity

:Named Selection
| Glue

{No
Element Size
[1.0 mm

| Default (0.5 mm)
Default (1.8)

Yes
Default (1.0472 rad)

v lOx

Details of "Tube Mesh" - Sizing

= Scope

ﬁcuping Method
Geometry
= Definition
Suppressed
Type
Element Size
= Advanced
Defeature Size
Growth Rate
Capture Curvature

Geometry Selection
1 Body

'No
Element Size
| 5.0 mm

| Default (1.395 mm)

Default (1.8)
| Yes

Curvature Normal Angle | Default (1.0472 rad)

Local Min Size
Capture Proximity

| Default (5.0 mm)
[ Mo

Scoping Method

Named Selection

Definition

Suppressed

=i e
Element Size

Advanced

Defeature Size
Growth Rate

Capture Curvature

Details of "Pixel Matrix Mesh” - Sizing
=l| Scope

:Hamed Selection
Pixel Matrix Zone 180 Bodies

|No
Element Size

1.0 mm

;0.1 mm
Default (1.8)
Yes

Curvature Normal Angle | Default (1.0472 rad)

Local Min Size

-Ca pture Proximity

| Default (1.0 mm)
No

~3Ox
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FEA Thermal Analysis
Basic Chip

Pixel Matrix — Digital Periphery
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Thermal Loads

* [|nitial temperature is 22 C.

* The-30Cis atemperature load applied inside the tube.

 Thethermal loads for the chip are applied as heat flux load on each zone surface.
 There are 90 chips on top, 90 on bottom, with 2 zones each chip.

Thermal Loads Basic (1 bin in Y)

. 20,233 2.327
The thermal loads for this case are i
1 0.48¢cm?
) . 8| 660mw
* 0.158 W/cm2 for Pixel Matrix area g| 1418om:
* 0.656 W/cm2 for Digital Periphery
22.560 ™
* -30Cinsidetube
PM1=660 ™ _0.158
4.18 ecm® em®
pP1=315 "™ _0.656
0.48 cm? cm?

A0\
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Results — Temperature (min, max, 9 points)
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Results — Heat flux

0.0 Uas
0.026968
0.017979
0.0089894
1.0788e-10 Min

0.00 100.00 200.00 (mm)
B

50.00 150,00
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FEA Thermal Analysis
Advanced Chip

Pixel Matrix — Digital Periphery - PPL
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Thermal Loads

* [|nitial temperature is 22 C.

* The-30Cisatemperature load applied inside the tube.

 Thethermal loads for the chip are applied as heat flux load on each zone surface.
 There are 90 chips on top, 90 on bottom, with 4 zones each chip (there are 2 DP zones per chip)

Thermal Loads

The thermal loads for this case are

0.158 W/cm2 for Pixel Matrix area
0.587 W/cm2 for Digital Periphery
1.957 W/cm2 for PPL

-30 C inside tube

Advanced (~10 bins in Y)

20.233 2.327

2| esomw =
g’- 1 4.18cm?
45 mw
1 0.023¢cm?
135 mw
272 580 "1 10.23cm?
w w
PM2:=660 ————0.158
4.18 cm cm
pP2:=135 —™W___ o587
0.23 em® em?
PPL=45 — ™Y _ 1057 iﬂ

0.023 em* cm
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Results — Temperature (min, max, 9 points)

0.00 100.00 200,00 (mm)
I 0 ..

50.00 150,00
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Results — Heat Flux

0.026896
0.017931
0.0089653
1.1252e-10 Min

0.00 100.00 200.00 (mm)
[ EEEEEEE. I

50.00 150,00
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Summary
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Summary

The results from the two analyses are summarised in the table below.

B OutputParameters

2 ¥ 2zones (A1)

pd P1 Temperature Maximum -21.074 C
pd P2 Temperature Average -26.751 C
pd P3 Total Heat Flux Maximum | 8.0905 Wem~-2
pd P4 Total Heat Flux Average | 0.77451 Wan~-2

E Output Parameters

2 Y 3zones (C1)

pd P9 Temperature Maximum -21.17 C
pd P10 Temperature Average -26.765 C
p:l P11 Total Heat Flux Maximum 8.0688 W ana~-2
pd P12 Total Heat Flux Average | 0.77692 Wam~-2
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Summary

The reference temperature for AT is -30 C.

Case Thermal Loads AT (Max) AT (Average)
W/cm2 C C
Basic Chip Pixel Matrix 0.158
1 Total power 8.93 3.25
consumption Digital Periphery 0.656
0.975W
, Pixel Matrix 0.158
Advanced Chip
2 UeIEEL [0l Digital Periphery 0.587 8.83 3.24
consumption
0.975W

PPL 1.957




V&M UNIVERSITY OF

7| LIVERPOOL

Next Step
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Parametric design of tube position

 The shape and position
of the tube and the glue
that covers the tube, is
controlled by three
datum planes.
Glue/Tube Head,
Glue/Tube Side1 and
Glue/Tube Side2.

* Those parameters are
transferred in ANSYS
and can be changed
from there to create
scenarios about shape
and position of the tube
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Parametric design of tube position

The numbers shown on the
right, define the original shape
and position of the tube as itis
now.

Outline

e e e B
) .'_1_| 1IEMatc AS

: Parameters

A B £ D
1 jin) Parameter Name Value Unit
2 H InputParameters
3 E [ 2zones (a1
4 P13 DS_TUBE_HEAD 292.9
5 p P14 DS_TUBE_SIDE1 36.79
6 p P15 DS_TUBE_SIDE2 36.79
- B P15 ' DS_GLUE_HEAD 292.9
8 p P17 DS_GLUE_SIDE1 36.79
g b P18 DS_GLUE_SIDE2 36.79
= fp- Mew input parameter New name MNew expression
11 | B OutputParameters
12 B Y 2zones (A1)
13 pd P1 Temperature Maximum -21.074 C
14 pd P2 Temperature Average -26.751 C
15 pd P3 Total Heat Flux Maximum | 8.0905 W am”-2
16 pd P4 Total Heat Flux Average | 0.77449 W an~-2
= p] Mew output parameter Mew expression
18 Charts
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