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5.3.4.1 ITK barrel local support
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» Estimation of ITK stave material contributions
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. Estimation of ITK stave material contributions
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5322 TTKendcapdesign . . o o oo o ve e e e e e e o5 unctional unit omponen a cr_m' ickness [um]  Xg [cm] adiation Length [% Xg]
5323  Alternative design for the ITK . . . . . . . oot i i 26 Sensor Module  FPC metal layers Aluminium 100 8.896 0.112
533 Readoutelectronics . . . . . . . . .. L Lo e e e e e e e e e e e e e 33 FPC Insulating layers  Polyimide 100 28.41 0.035
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53.4.1.3  Thermal characterisation . . . . . . .. .. ... .. ... ... ... 36 Carbon fiber plate Carbon fiber 150 26.08 0.057
5.3.4.2  Endcap local support for HV-CMOS pixel detector . . . . . . . .. .. ... ... ... 37 Cooling tube wall Polyimide 64 28.41 0.013
SOM  MEEHAS: e s 6 6 R S S A G SRS NS R B 37 Carbon fluid Water 35.76 0.105
53422 Suuctmral characterisation . . . . . . ... Lol ioh e e e 38 Graphite foil Graphite 30 26.56 0.011
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5.3.4.3.1 Materials . . . . . . . . e e e e e e e e e 38 Total 0.673
5.3.4.3.2  Structural characterisation . . . . . . .. ... Lol ool 38
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5.3.4.1.2 Structural characterisition

A Static $tructural
Total Deformation
Type: Total Deformation
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5.3.4.1.3 Thermal characterisition
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cantour-1
contour-1 Static Temperature
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l 12.42 200 mW/cm?2 /? H 11.46
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The temperature gradient along the 987 mm length of the stave can be controlled within 5°C. The water cooling
meets the detector’s requirements.



5.3.4.2 Endcap local support for HV-CMOS pixel detector
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Back carbon fiber facesheet
(with sensor modules)

> Estimation of ITK HV-CMOS pixel endcap material 5. aqditional new materials

contributions -
(the same with OTK)
Estimation of ITK HV-CMOS pixel endcap material contributions

Functional unit  Component Material Thickness [pm]  Xp [em]  Radiation Length [%e Xo]

Sensor Module  FPC metal layers Aluminium 50 8.896 0.056 I . h . h
FPC Insulating layers Polyimide 100 28.41 0.035
Sensor Silicon 150 9.369 0.160 H‘Oneycomb ( I g t We I g t
Glue 100 4437 0.023
Other electronics 0.050 h I g h St re n g t h )

Structure Carbon fiber facesheet Carbon fiber 150 26.08 0.057 : 1
Cooling tube wall Titanium 3.560 XXX ﬁlled Wlth pOCO foam ( LI g ht
Cooling fluid Water 35.76 XXX 1 1
Graphite foam+Honeycomb  Allcomp+Carbon fiber 2000 186 0.108 We I g ht a n d h I g h th e rm a I
Carbon fiber facesheet Carbon fiber 150 26.08 0.057 Nt
Glue Cyanate ester resin 200 44,37 0.045 C O n d u Ct I V I ty )

Total 0.591+XXX




5.4.4.1 OTK barrel local support

542 OTKdesiZn. . . . . . . . e e e e e e e e e e e e e e 65
o542 OTKbarteldesigni: c s s s oo iR s b S S0 S 808 ¢ 5 55 58 5 5 T onnoES 65
5422 COTKOAMCIDAERER - » v v v e v s s p o v 2 2 2 5 2 2 5 8 8 5 5 8 5 ORI 66
SH.3 Reddoteletionics . « « « = s om 55 o s o 8 5 5 5 5 5 8 8 8w e 8 a9 w G 5 R 72,
543.1 Frontendboard . . . . . . . . ... e e e 72
5.4.3.2 Concentrator Card and power distribution . . . . . . . ... ... ... ... ..., 73
5433 Slowcontroland monitoring . . . . . . . . . .. ..o e e 73
5434 ‘Clockdistribuion’ « « < c v s s v s v v w v v v 8¢ ¢ s e e o @ e PeeEaaE RS 73
544 Mechanical and coolingdesign . . . . . . .. ... L Lo T4
4] BatrBlSUDPOIT . o v vos vs s e e e e B e s S B E S RS RS B T4 Sensor
54411 Materials . . . ... L. e e 75 Carbon fiber plane
54.4.1.2  Structural characterisation . . . . . .. . ... oL Lo 76 CarbisnTllssr hereyeamb
54.4.1.3 Thermal characterisation . . . . . . .. .. ... ... ... . ..., 77 Carbonflber plans
D42 EndCAFSUDPOTL. « « o 5 5 5 o % 5 & 6w % % 5 5 & 5 68 s 8 sl a0 s 8 s S 78
54421 Materials . . ... 80 .
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» Estimation of OTK stave material contributions

Estimation of OTK stave material contributions

Functional unit  Component Material Thickness [pm]  Xp [em]  Radiation Length [%e Xg]
Sensor Module  PCB metal layers Cu 1.436 0.200
PCB Insulating layers Polyimide 28.41 0.070
Sensor Silicon 300 9.369 0.320
Glue 100 44.37 0.023
Other electronics 0.100
Structure Carbon fiber facesheet Carbon fiber 300 26.08 0.115
Cooling tube wall Titanium 3.560 0.169
Cooling fluid Water 35.76 0.105
Graphite foam+Honeycomb  Allcomp+Carbon fiber 6000 186 0.322
Carbon fiber facesheet Carbon fiber 300 26.08 0.115
Glue Cyanate ester resin 200 44.37 0.045
Total 1.584

8




5.4.1.1.2 Structural characterisition

542 OTKdesiZn. . . . . . o o o i e e e e e e e e e e e e e e e 65
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5422 OTKONdADAESIEN -« « v v v oo s v e v 22 o 8 2 2 a s 8 9 55 B RGRERSEE 66

610 SN 2 7 [T (0] (cTed 1 1ot T —— 72
543.1 Frontendboard . . . . . .. .. e e e 72

5.4.3.2 Concentrator Card and power distribution . . . . . . ... ... ... ... ... ... 73
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54.423 Thermal characterisation . . . . . . . . . . . .. ... 81

A: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1 Maximum sag: 0.135 mm

0.13529 Max
0.12026
0.10523
0.090195
0.075163
0.06013
—| 0.045098
0.030065 Z

0.015033
0 Min S
X

0.00 100.00 200.00 (mm)
— —
50.00 150.00

OTK stave deformation (719.6mm)

B: Modal
Total Deformation
Type: Total Deformation

rencesroe: ISt Natural frequency: 76.1 Hz

Unit: mm

174.827 Max
155.401
135.976
116.551
97.1258
| 77.7007
58.2755
38.8503
19.4252
0 Min

0.00 100.00 200.00 (mm)

50.00 150.00

First order mode and first natural frequency (719.6mm)



5.4.4.1.3 Thermal characterisition
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5.4.4.1.3 Thermal characterisation . . . . . . . . ... ... ... .. ... 4
Didid? BEhACATSIPINE. - - s s s o r s e 5 5y M E S B B e R R N H D DR 78
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EE - State Temperatur
- Heat flux: 300 mW/cm? - Heat flux: 300 mW/cm?
=* Velocity inlet:2m/s (ID: 5 mm) o T
To34 : == = - == N =
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Using a 5 °C and 2 m/s water inlet (ID: 5 mm), the maximum temperature difference across
one sensor is <2.9 °C for inlet from one end and <4 °C for inlet from two ends.
Water cooling can meet the thermal requirements for the OTK over ~6 m stave length. 10



5.4.4.2.2 Structural characterisition

OTK endcap 1/16 sector OTK Endcap
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D: Static Structural
Total Deformation
Type: Total Deformatior
Unit: mm

Time: 1 MaXi [}

0.53145 Max
04724
041335
0.3543
0.29525
0.2362
0.17715
0.1181
0.05905

0 Min
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5.4.4.2.3 Thermal characterisition

1 weight (the tube filled with water) :
1 158.6g |
I
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v' The mesh generation is performed for two different cooling tube arrangements, and
numerical solutions are obtained using the finite volume method.

v' The cooling performance of both arrangements is analyzed and compared.

contour-1
Static Temperature

18.0
H 16.7
15.4

14.1
| 128
‘ 15
102
8.9
76
6.3
50

« Cooling tube diameter: 2.6 mm
« Water inlet velocity: 2.5m/s

Continuous optimization is ongoing!

Xuehong Wu, Yong i A
Liu, -~ G ER Tl K 2%) |
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24-layer cooling tube 32-layer cooling tube
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Thank you!



