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ATLAS PIXEL DETECTOR

PIXEL SUPPORT TUBE (PST) OVERVIEW

e DESIGN COMPONENTS
— SCT AND CRYOSTAT INTERFACES (FLEXURES)
— PIXEL INSERTION COMPONENTS (RAILS, SLIDERS)
— PST STRUCTURES (FLANGES, MOUNT PADS, STIFFENERS)
— PP 1 AND BEAMPIPE INTERFACES (NOT COVERED HERE)

 KEY ANALYSES

— INSTALLATION (DISPLACEMENT OF RAILS AND FLANGES,
UNSUPPORTED SHELLS)

— STABILITY (VIBRATION AND STIFFNESS OF PIXEL MOUNT PADS)

— SCT IMPACT (LOADS AND DEFLECTIONS ON SCT INTERLINKS
AND BARRELS)

e PROTOTYPING EFFORT
— MATERIAL CHOICES AND CHARACTERIZATIONS
— FINAL PART SIZING
— LAMINATING AND HEATER BONDING TECHNIQUES
— RAIL AND SHELL STRUCTURAL MEASUREMENTS

JUNE 2002
PST FDR N. HARTMAN LBNL



ATLAS PIXEL DETECTOR

OVERVIEW, MATERIALS, COMPONENTS

JUNE 2002
PST FDR N. HARTMAN LBNL



ATLAS PIXEL DETECTOR

SUPPORT CONDITION OF PIXEL SUPPORT TUBE IN INNER DETECTOR
SIDE C SIDE A

+ X ID FLAT RAIL
N\ Stz (FLOAT X2)
+Y VERTICAL (CONSTRAINED Y)

TRT

SCT FLAT RAIL
(FLOAT X2)
(CONSTRAINED Y)

View from top—all
Tube Supports are
Horizontal and Co-planar

@ FIXED XYZ
SCT VEE RAIL

@ Fixep YZ (N/A) (FLOAT Z/DOGGED Z)

@ FIXED XY (CONSTRAINED XY)

@ FIXED Y

ID VEE RAIL \

PROPERTIES TBD (FLOAT Z/DOGGED Z) \
CONSTRAINT TBD (CONSTRAINED XY)

‘ FLEXURE MOUNTS

JUNE 2002
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ATLAS PIXEL DETECTOR
PST KEY STRUCTURES

MOUNT PAD

FLEXURE

SCT FLEXURES
AND MOUNT PADS

FORWARD END FLANGE AND
FLEXURE, INSTALLATION RAIL

PST FLANGES

JUNE 2002
PST FDR N. HARTMAN LBNL 5



ATLAS PIXEL DETECTOR

RAIL DESIGN

DETAIL ¢

DETATL |

VEE AND FLAT RAILS WERE
CHOSEN TO PROVIDE
PSEUDO-KINEMATIC SUPPORT
FOR THE DETECTOR DURING
DELIVERY TO THE SUPPORT
POINTS.

RAILS ARE USED ONLY FOR
DELIVERY, NOT SUPPORT.

SEE DETAIL |

SECTION A-A
SCALE 0.375

JUNE 2002
PST FDR N. HARTMAN LBNL



ATLAS PIXEL DETECTOR

SUPPORT FLANGE BONDED ASSEMBLY

FLANGE FACE (MACHINED LAYUP)

STIFFENERS

FLANGE BASE
‘;—-/// (LAYUP)

FLANGE BOLTS

JUNE 2002
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ATLAS PIXEL DETECTOR

MATERIAL SELECTION FOR PST

e ALL LAMINATES FOR SKINS OF PST WILL HAVE HEATERS
LAMINATED TO THEM

 FORWARD PST SECTIONS WILL HAVE FIBERGLASS SKINS TO
REDUCE STIFFNESS
— CTE NOT AN ISSUE, TAKEN UP BY FLEXURES AT END OF PST
— STRENGTH OF QUARTZ FIBER HIGHEST—SIMPLE CHOICE OF FIBER
— POSSIBILITY OF HYBRID CARBON./QUARTZ LAMINATE

* BARREL WILL BE HIGH MODULUS GRAPHITE TO BEST MATCH THE
CTE OF THE SCT

— CTE OF FIBERS SELECTED MUST BE VERY NEGATIVE TO BEAT CTE OF
ALUMINUM IN HEATERS

— COST, MODULUS, THICKNESS ALL FACTORS IN SELECTION
* BRYTE EX1515 SELECTED AS MATRIX FOR ALL

— 137C CURE TEMP VS 180C FOR RS3

— PROVEN RADIATION TOLERANCE

— QUICK YVENDOR TURN AROUND

JUNE 2002
PST FDR N. HARTMAN LBNL



ATLAS PIXEL DETECTOR

FIBER SELECTION CANDIDATES

e CTE oF BARREL PRIMARY
DRIVER IN MATERIAL SELECTION

Chart of CTE for different fibers and heater designs

¢ CTE OF LAMINATES INCLUDE using preliminary CN and Quartz Data

HEATER LAYER LAMINATED
TOGETHER IN SKIN

 T1OOMICRON AL IS THICKER EMI

SHIELD MATERIAL
e BOMICRONS GLUE IS FOR

= |@w/o 50um Glue, w 50um Al
@ w 50um Glue, w 50um Al
- |Ow/o 50um Glue, w 100um Al

LAMINATION OF HEATERS (GOES

TO ZERO WITH CO-CURED 7 i ﬂm [ I

HEATERS)
° COST PER c AND]D ATE AL s o M55j M46j M35j Y:i:::)M;:r'BO CN60 CN80 Quartz

CTE (ppm/F)
o =~ N W s~ OO N 00 ©

CONSIDERED

CTE OF SCTBARRELIS~1.2TO 1.5 PPM/C SO OUR TARGET IS ON THE ORDER OF 1PPM.
WILL CONSIDER CTE MISMATCH OF LESS THAN O.5PPM ‘ZERO’ (RELATIVE MISMATCH FOR
TEMPERATURE CHANGE ON ORDER OF 20MICRON)

JUNE 2002
PSTFDR N. HARTMAN LBNL



ATLAS

PIXEL DETECTOR

SUMMARY OF MATERIALS AND PROPERTIES USED IN PST

. . . Fiber CTE . . Laminate | Laminate CTE | Thickness

Laminate Fiber Fiber E (GPa) (ppm/K) Direction E (GPa) (ppm/K) (mm)

Barrel Shell YSH80 798 -1.6 Ql 134 0.65 0.650

Forward Shell (all glass) AQII 84 6.4 Ql 23 14.71 0.650

Forward Shell (hybrid) AQII/'YSH80 84/798 6.4/-1.6 Axial 24 13.49 0.650
Forward Shell (hybrid) AQII/'YSH80 84/798 6.4/-1.6 Hoop 135 0.72 0.650
Flanges/Mount Pads CN60 557.9 -1.49 Ql 113 -0.17 N/A

Rails CN60 79.7 -1.49 Axial 111 -0.21 1.005

Hoop Stiffeners CN60 79.7 -1.49 Hoop 132 -0.51 0.852
Mount Flexures Titanium N/A N/A Isotropic 116 9.20 N/A

NOTES:

1. ALL LAMINATES USE A CYANATE ESTER RESIN SYSTEM.
2. ALL SHELL LAMINATES INCLUDE HEATER/ EMI PANELS IN THE MODULUS AND CTE
CALCULATIONS.
3. CNo60O LAMINATES ARE PLAIN WEAVE CLOTH; ALL. OTHERS ARE UNIDIRECTIONAL TAPE.
4. PROPERTIES ARE FOR THE SPECIFIED DIRECTION ONLY, EXCEPT WHERE ‘Ql’ (QUASI-
ISOTROPIC) IS NOTED.

SUMMARY OF RAW MATERIALS USED IN PROTOTYPING

Material Precure Postcure Resin Areal Weight] Fiber Areal Weight
Type Thickness (um) | Thickness (um) (gsm) (gsm)
YSH80 UDT 125 92 37 80
AQ Il UDT 125 92 45 80
AQ Il Mat (prepreg) 200 88 196 34
AQ Il Mat (dry) 50 N/A N/A 10
CN60 PW Cloth 375 275 145 300
EX1515 Film 25 N/A 29 N/A
NOTES:

1.

2.

UDT = UNI DIRECTIONAL TAPE PREPREG. PW = PLAIN (SQUARE)

WEAVE CLOTH.

AQ Il 1S ASTRO QUARTZ TRADE NAME FOR QUARTZ FIBER.




PIXEL DETECTOR

ATLAS
NOMINAL LAMINATES
SHELLS
— ALL SHELL LAMINATES ARE 6 PLY UDT
¢ BARREL IS QUASIHISOTROPIC YSHS8O
e FORWARD HAS TWO OPTIONS
— QUASHSOTROPIC AQ 11 [90/30/ 150I4
— HYBRID YSH80O/AQ I
»  YSH80 HooP PLIES [90] (AXIS OF TUBE IS O DEGREE
DIRECTION)
» AQ Il INNER PLIES [30/ 150]
— ALL SHELLS HAVE HEATER PANELS LAMINATED TO THEM
¢ COMPOSITION GIVEN IN INTERFACE/SERVICES PRESENTATION
— ALL SHELLS HAVE AN INSULATIVE INNER LAYER
e PREVENTS DAMAGE TO PLIES AND LIBERATION OF CARBON
DUST
e COMPOSED OF EX1515 FILM/DRY GLASS MAT SANDWICH
(FILM/MAT/FILM)
RAILS
— RAILS ARE FABRICATED FROM CNGO PLAIN WEAVE CLOTH
* 3 LAYERS [(0/90)/(+45/-45)/(0/90)]
STIFFENING HOOPS
— FABRICATED FROM CNGO PLAIN WEAVE CLOTH
e 2 LAYERS [(0O/90)/(+45/-45)]
FLANGES, MOUNT PADS
— CNO60O PLAIN WEAVE CLOTH LAMINATED INTO 5 MM THICK
PLATES, THEN MACHINED
* QUASIHSOTROPIC LAMINATE [(0/90)/(+45/-45)]
e AVERAGE 5 MM PLATE WILL BE 13 LAYERS THICK
JUNE 2002

PST FDR

N. HARTMAN LBNL
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ATLAS PIXEL DETECTOR

DESIGN CALCULATIONS AND ANALYSES

JUNE 2002
PST FDR N. HARTMAN LBNL 12



ATLAS

PIXEL DETECTOR

PST
FORWARDS

SCT BARREL

XY LON:

PST/SCT COMBINED MODEL

XYZ Coi

[N

ON.

45

v
\ \10
“30 /?

HooP HAT STIFFENERS
(SECTION VIEW)

SCT GEOMETRY AND MATERIAL PROPERTIES

TAKEN FROM SCT MODEL MADE BY EPFL, LAUSANNE

JUNE 2002
PST FDR

SCT
V7 Con INTERLINKS
BARREL PST
FLANGE PST MOUNT
PAD
S—
FORWARD
PSTFLANGE  pPST MOUNT
FLEXURE

N. HARTMAN LBNL
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PIXEL DETECTOR

ATLAS
MATERIALS AND ASSUMPTIONS FOR
PST/SCT FEA MODELS
S Material Poisson's| Density Thickness
Application Approximated E1 (GPa) E2 (GPa) Ratio (ka/mA3) CTE (ppm/K) (mm)
SCT Shells XN50 Sandwich 6 6 0.37 303 N/A 6.000
SCT Flanges/Interlink Supports XN50 116 116 0.32 1760 N/A 2.000
Interlinks Aluminum Equiv. 70 70 0.30 2800 N/A N/A
Pixel Barrel Shell YSH80 190 190 0.30 1650 0.51 0.437
Pixel Forward Shells AQll 19 19 0.30 1750 14.29 0.437
Pixel Hoops, Flanges, Rails CN60 126 126 0.30 1650 -0.28 0.863
Pixel Mount Flexures Titanium 126 126 0.30 4430 9.20 N/A
Pixel Shell (Rail model ONLY) YSH80/AQII 166 23 0.30 1700 N/A 0.437
ASSUMPTIONS:
1. ALL SCT MATERIALS WERE ASSUMED ORTHOTROPIC FOR MODELING PURPOSES (EXCEPT INTERLINK
MATERIAL).
2. ALL PST MATERIALS WERE ASSUMED ISOTROPIC FOR MODELING PURPOSES (EXCEPT FOR PIXEL
SHELL IN RAIL MODEL ONLY).
3. HEATER PANEL CONTRIBUTIONS TO MODULUS AND THICKNESS WERE NEGLECTED FOR ALL PIXEL
MODELS.
4. CTE OF HEATER PANEL WAS INCLUDED IN CTE’S FOR THERMAL EXPANSION MODELS.
5. HYBRID SHELL LAMINATE (CARBON/ QUARTZ) WAS NOT MODELED IN FORWARD SHELLS (EXCEPT IN

RAIL MODEL ONLY).

o. RAILS WERE INCLUDED IN RAIL MODEL ONLY, NOT IN PST OR PST/SCT MODELS.




ATLAS PIXEL DETECTOR

COMPARISON OF SCT MoDELS FROM LBNL AND EPFL

(UNDER GRAVITY)

ASSUMPTIONS:
PIXEL MASS = 75 KG (OVER 4 POINTS)
SCT NOT FIXED ACROSS DIAMETER

ALL SCT PROPERTIES FROM EPFL MODEL

SUB =1

TIME=1

UsSUM (RVG)
DMX =.107251
SMX =.107251

ACEL

I
0 .023834 -047667 -071501 055334
.0113917 03575 .05%584 .083418 .107251

New SCT model with Pixel Mass (75 kg) and Gravity, no b6 reinforcements.

Displacements with Pixel Detector, max =107 um EPFL model, max =105 um



ATLAS PIXEL DETECTOR

SUMMARY OF LOADS/ DISPLACEMENTS INDUCED IN SCT

THAT IMPACT LONG TERM STABILITY

PST/SCT Load Comparisons _ _
Model Details Max. Force on Interlinks Max. Force at Forwards Max. disp. in SCT Structure
Load Direction _ Load Case FX (N) FY(N) FZ(N) | FX(N) FY(N) FZ(N) [ dr(um) dphi(um) dZ (um)
Y dyA =dyC =2 mm 0 57 1 1 55 2 8 8 0
Y dyA =2 mm 1 146 3 1 55 2 -16 18 7
X dxA = dxC =2 mm 61 2 56 57 3 68 22 14 -6
X dxA =2 mm 123 12 32 54 3 64 41 =27 -13
X dxC =2 mm 130 10 88 57 4 69 41 =27 -16
CTE Symmetric, 30 degrees C N/A N/A N/A N/A N/A N/A -10 -5 -12
CTE  Asymmetric, Side A, 30 degree] N/A N/A N/A N/A N/A N/A -45 12 196
G gravity, pixel load of 75 kg 2 207 1 0 10 0 78 -75 -4
NOTES: Maximum forces and displacements shown for any given load case do not necessarily occur simultaneously on one interlink
or at one shell location; these are component maximum values. Force results come from PST model alone, constrained with flexures
at all mount locations. One mount provides Z constraint at barrel, on C side. Displacement results come from integrated PST/SCT
model, where PST to SCT constraint is made with identical flexure scheme. Asymmetric CTE load case is not an operational
condition._Intrinsic short term RMS SCT resolution (for reference) is: R=100 um; Phi=12 um; Z=50 um (tolerance range is

Z CONSTRAINED FLEXURE IS LOCATED ON SIDE C, NEGATIVE X (IN THIS
COORDINATE SYSTEM).



ATLAS PIXEL DETECTOR

LOAD CASE. GRAVITY AND PIXEL LOAD
(PIXEL AND SERVICE LOADS APPROXIMATED AS 75 KG, APPLIED AT PIXEL MOUNTS ON PST)

NODAL SOLUTTION AN
JUN 3 2002

STER=1 10:21:39

5UB =1

TIME=1

UsuUM (AVG)
DMX =.114807
SMX =.114807

HODAL SOLUTION

JUN 3 2002
STEP=1 10:26:08
SUB =1
TIME=1
usUM (RVE)

DMx =.078403
SMN =.044948
sMx =.078403

L076538 102051
.012756 .038269 063782 089295 .114807
NODAL SOLUTION
Jun 3 2002
STER=1 10:23:08
§UB =1
TIME=1
UsuM (AVGE)

DMX =.114807
SMX =.114807

.044948 052382 85
.048665 .078403

DR = 77 MICRONS
DPHI = -75 MICRONS
Dz = -4 MICRONS

- - .102051
.012756 .038269 .063782 .089295 .114807




ATLAS

PIXEL DETECTOR

LoAD CASE: DYA = 2 MM

(FORWARD END, SIDE A, DISPLACED 2 MM IN Y — NO GRAVITY OR PIXEL LOAD)

NODAL SOLUTTION

STEP=1

s5UB =1

TIME=1

UsuM (RVG)
DMX =2.036
SMX =Z.036

SIDE A

[
u]

- 452387
.2261324

4775

1.131

1.357

AN NODAL SOLUTION
JUN 3 2002
19:39:56 STEP=1
SUB =1
TIME=1
UsUM (RBVG)
DMX =Z.036
SMX =2.036

.033333
.05

-066667

I
2133333
.15

.1
.083333 .116667

NODAL SOLUTTION

STEE=1

SUB =1

TIME=1

USUM (aVE)

DMX =.020192

SMN =.125E-03

sMx =.020192
.125E-03

. 002355

. 004585

.00esl4

. 009044

011274

DPHI = 18 MICRONS

. 013503

—— e
1.81 0
1.583 2.036 .016667
AN
JUuN 3 200z
19:38:20

I
017962
L 015733 .0z019z2




ATLAS

PIXEL DETECTOR

LOAD CASE: DXA = 2 MM

(FORWARD END, SIDE A, DISPLACED 2 MM IN X — NO GRAVITY OR PIXEL LOAD)

NODAL SOLUTION

STEP=4

SUB =1

TIME=4

UsuM (AVG)
DMX =2.004
SMX =2.004

SIDE A

0605 1.336
1.113

-445302
.222651

AN NODAL SOLUTION
MAY 30 2002 B
18:01:24 STEP=4
SUB =1
TIME=4
UsuM (RVG)
DM =2.00d

SMX =2.004

L033333

1.55% 2.004 -016667

L133333
.15

NCDAL SOLUTION

STEP=4

SUB =1

TIME=4

USUM (AVG)
DMX =.041725
SMN =.001431
§Mx =.041723

.001431

AN

MAY 30 2002
17:05:19

DR = 41 MICRONS

L041725




ATLAS

PIXEL DETECTOR

CTE CALCULATIONS - SYMMETRIC

NODAL SOLUTION

STEP=1
SUB =1
TIME=1
UstM {RVG)

AN

JUN 5 2002
23:27:45

ASSUMPTIONS
—  PST INCREASE IN TEMP RELATIVE TO SCT BY
30 DEGREES C

DMX =1.079
SMxX =1.079

MAX DISP = ~1 MM

° RESULTS

PST CTE’S ALL ASSUMED ISOTROPIC

SCT DISPLACEMENTS ARE MINIMAL
FLEXURE DISPLACEMENTS ARE REASONABLE

LOAD CASE IS VERY CONSERVATIVE (MOST
LIKELY DT IS LESS THAN 20 DEGREES)

— — —
EIER 2 = e

a5 2002
23:3:21

ssssss

Max. disp. in SCT

dr (um) dphi(um) dZ (um)

-10 -5 -12

[ I I
0 .233877 .479754 -718632 .953508
.113393% 57 1.07%
AN
NODAL SOLUTION
JuN 5 2002
STEP=1 23:28:50
suB =1
TIME=1
UsuM (RVG)
DM =.012954
SMN =.003483
SMX =.012954
L
.003483 005588
.004535 .012954

am s 200
23:32:20
S0 =.950595
0 L213021 La2¢042 L639063 b
-108511 319532 532583 145574 958595

SCT BARRELS, MAX Z = -12 MICRONS

JUNE 2002
PST FDR

FORWARD FLEXURE, DMAX = 959 UM

N. HARTMAN LBNL 20



PIXEL DETECTOR

ATLAS
CTE CALCULATIONS - ASYMMETRIC
NODAL SOLUTION JUNI\7NZUUZ L4 AssUMFrloNs
STEP=1 18:02:28
ss 1 —  ID GAS SEAL LEAKS ON ONE SIDE OF
v DETECTOR, NECESSITATING HEATERS TO BE
e TURNED ON IN PST IN ONE FORWARD

MAX DISP = ~0.8 MM

2
.B39826

(ASSUMED C SIDE)
—  SCT DOES NOT CHANGE TEMPERATURE

RESULTS

— SCT DISPLACEMENTS ARE LARGE

— THIS LOAD CASE IS UNLIKELY, AND CAN BE
EASILY COMPENSATED FOR BY TURNING ON
ALL PST HEATERS

— SAFEST SOLUTION FOR PIXELS IS TO AVOID
ALL POSSIBILITY OF CONDENSATION, AND
THUS USE ALL HEATERS

— THIS IS A FAILURE SCENARIO, NOT
OPERATIONAL

AN

JuN 7 2002
18:09:22

NODAL SOLUTION

STEP=1
SUB =1

TIME=1

USUM (AVE)
DMX =.195969
SMN =.072582
SMK =.195969

—
.127421 .15484 .18226
2141131 .16855

I —
.072582 .100001
.086292

L113711

.195969

SCT BARRELS, MAX Z = 196 MICRONS

JUNE 2002
PST FDR

AN

7 2002
18:34:49

NODAL SOLUTION
Jun
STEP=1
SUB =1
TIME=1
Uz (RVG)
DMX =.234343
SMN =.194185
SMX =.234206

Max. disp. in SCT
dr (um) dphi (um) dZ (um) z o
-45 12 196

I —
.194185 203078
.198631 234206

BARREL MOUNTS, DMAX = ~40 UM

N. HARTMAN LBNL
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ATLAS

PIXEL DETECTOR

FORWARD GRAVITY SAG DURING ID INSTALLATION
CONDITIONS

DURING ID INSTALLATION, THE PST FORWARDS MUST BE CANTILEVERED FROM
THE SCT BARREL, BUT WITH NO SERVICE OR PIXEL MASSES PRESENT.

NODAL SOLUTION

STEE=2
SUB =1
TIME=2
USUM (avE)
DMX =.432939
SMX =.432939

[ D
u]

-096209
.048104

AN

JUN 5 2002
10:01:29

DMAX = 433 MICRONS

I
8626 .384834
.33673 .432539

MAX DISPLACEMENT IN SCT SHELLS IN THIS

CONDITION = 55 MICRONS.

NODAL SOLUTION

STEP=2

SUB =1

TIME=2

USUM (RVG)
DMX =.054784
SMMN =.030088
SMX =.054784

L B
.030088 .035576
.032832

.05204
9296

AN

JUN 5 2002
10:02:21

.054784

LOADS AND DISPLACEMENTS APPLIED TO SCT.

Model Details

Max. Force on Interlinks
I

Max. Force at Forwards Max. disp. in SCT Structure

Bend Direction

Load Case

FX(N) FY(N) FZ(N)

FX(N) FY(N) FZ(N) | dr(um) dphi(um) dZ (um)

Y Installation (side A) 0 -43 0

0 -2 0 59 -54 14

JUNE 2002
PST FDR

N. HARTMAN LBNL




ATLAS PIXEL DETECTOR
PIXEL./PST STABILITY — DYNAMIC (MOUNT STIFFNESSES)

PIXEL “DYNAMIC” STABILITY BUDGET
—_ OVERALL STABILITY BUDGET BASED ON SIMPLE
FREQUENCY CALCULATION
o f=(1/28*@/0)73)
N DESIRE F OF 80 Hz ~ 40 MICRONS
DISPLACEMENT UNDER GRAVITY

— DISPLACEMENTS OF PIXEL TO PST MOUNTS
N BUDGET IS 20 MICRONS
* SEE INTERFACE/MOUNTS PRESENTATION
—  DISPLACEMENTS OF PST TO PIXEL MOUNT
SURFACE
L NOMINAL BUDGET IS 10 MICRONS
e COUPLED TO SHELL STIFFNESS
—  DISPLACEMENTS OF PST TO SCT FLEXURE
L NOMINAL BUDGET 10 MICRONS
« COUPLED TO STIFFNESS/DEFLECTION OF
SHELL
PST MOUNT PAD DEFLECTIONS
—  OVERALL RELATIVE DISPLACEMENTS BETWEEN
SCT/FLEXURE INTERFACE AND PIXEL/PST
INTERFACE ARE SHOWN
—  OVERALL BUDGET OF 20 MICRONS IS MET
. ~6 MICRONS IN MOUNT PAD

. ~13 MICRONS IN FLEXURE ITSELF

— FLEXURE COULD BE STIFFENED TO REDUCE
DISPLACEMENT

PIXEL MOUNT SURFACE
SCT MOUNT SURFACE ¥

Model Maximum Pixel Mount Relative to
.- . . iv
BARREL PST FLANGE, MOUNT PADS, AND FLEXURES Description Deflection (microns) _
PST, rigid (no flexures) 3 PST flexure mount surface
(UNDER GRAVITY AND PIXEL LOADS) PST, flexures 19 SCT flexure mount surface
PST/SCT, flexures 21 SCT flexure mount surface
PST/SCT, flexures 93 SCT rail (global)

JUNE 2002
PST FDR N. HARTMAN LBNL 23



ATLAS PIXEL DETECTOR

PIXEL STABILITY — MOUNT DEFLECTIONS UNDER LOAD

SCT MOUNT SURFACE
(HIDDEN BEHIND FLEXURE)

* RELATIVE PIXEL DEFLECTIONS

— GIVEN BY DIFFERENCE IN DISPLACEMENT
BETWEEN PIXEL MOUNT PAD AND SCT
MOUNT PAD (INTERLINK ARM AT FLEXURE
INTERFACE)

— INDICATES HOW PIXEL MOUNTS MOVE

INSIDE PST AS SCT/PST STRUCTURE IS
LOADED

o LOAD CASES
— END DEFLECTION OF PIXEL FORWARD

TUBE (STANDARD 2 MM OFFSET)

e INY, PIXEL MOVES WITH SCT ALMOST
PIXEL MOUNT SURFACE EXACTLY

e [N X, FLEXURE MOUNTS ALLOW PIXEL TO
MOVE LATERALLY WRT SCT INTERLINKS

—  GRAVITY
+ LOAD CASE GIVEN AS COMPARISON, BUT
Pixel Mount Deflections Under Load DOES NOT VARY IN OPERATION
| o od Cace Pixel Disp. Relative to SCT ] Max. Absolute Pixel Disp. e 20 MICRON “STIFFNESS BUDGET"
dr (um) dphi(um) dZ (um) dr (um) dphi(um) dZ (um) BETWEEN SCT AND PIXEL IS SHOWN
Gravity 19 20 1 26 -73 1
dyA =2 mm 5 4 2 4 25 3
dxA =2 mm 21 5 22 59 3 25
JUNE 2002

PST FDR N. HARTMAN LBNL



ATLAS

PIXEL DETECTOR

PST STABILITY — VIBRATION

PST ALONE — MODE 2

PST Alone

Mode | Frequency | Action

1
2

110
112

Forward Shell Mode
Forward Shell Mode

PIXEL AND SERVICE MASSES ARE NOT INCLUDED HERE,
BUT COUPLING IS LOW DUE TO DEGREES OF FREEDOM
BUILT INTO PIXEL DETECTOR MOUNTS.

PST/SCT Combined
Mode | Frequency | Action
1 25 SCT Piston Motion (Z)

2

JUNE 2002

PST FDR

43

Full SCT/PST Shell Mode

SCT/PST -MODE 1

SCT/PST -MODE 2

N. HARTMAN LBNL
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ATLAS PIXEL DETECTOR

FLANGE BOLT SPACING CALCULATIONS

FLANGE IS CONSERVATIVELY MODELED AS A SIMPLE BEAM:
-MODELED AS GUIDED BEAM WITH LENGTH OF BOLT SPACING/ 2
- CROSS SECTION IS ASSUMED TO BE SMALLEST FLANGE SECTION (FORWARD)
- FLANGE FORCE GIVEN BY SUPPORT TUBE LOADS (NEXT SLIDE)

ah

FLANGE
LOAD

Number of Bolts Bolt Spacing (m) Delta (microns)

32 0.046 11.45
40 0.037 5.86
48 0.031 3.39
56 0.026 2.14
64 0.023 1.43

JUNE 2002
PST FDR N. HARTMAN LBNL 26



ATLAS PIXEL DETECTOR

FLANGE BOLT SPACING CALCULATIONS (CONT.)

FLANGE LOAD=(FORWARD LOAD*(L/d))

TUBE
DEFLECTION

TUBE DEFLECTION IS CALCULATED BASED ON FOLLOWING ASSUMPTIONS: (d)
- FORWARD TUBE PIVOTS RIGIDLY ABOUT BOTTOM OF FLANGE
- TOTAL FORWARD TUBE MASS (INCLUDING SERVICES) IS CANTILEVERED
- FULL FLANGE LOAD IS TAKEN BY UPPER BOLTS ONLY (3 BOLTS)
- ALL STRUCTURES RIGID
FREQUENCY IS ESTIMATED BASED ON TUBE DEFLECTION USING f=(1./2r *(@@./0)""2)
Number of Bolts Delta Tube (microns) Frequency DESIRE FREQUENCY > 100 Hz
32 64.55 62.64 NUMBER AT LEFT ASSUMES NO RIBS
| ;‘g fg:gg’ 18175'?:8 | ‘RIBS ACT LIKE BOLT CONSTRAINTS
=5 12.04 14502 -EVENLY SPACED RIBS ALLOW HALF
64 8.07 177.18 THE NUMBER OF BOLTS

DESIGN FOR 24 BOLTS IN FLANGE

JUNE 2002
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ATLAS PIXEL DETECTOR
RAIL FEA MODEL

TAPERS ON ENDS FOR
RAIL MISALIGNMENT

MODEL SIMULATES PROTOTYPE OF RAILS AND 300 MM LONG SHELL
(UNDER CONSTRUCTION NOW).

PIXEL MASS (1 /4 OF 35 KG) APPLIED TO PEEK SLIDER.

SLIDER IMPACTS RAIL THROUGH CONTACT ELEMENTS.

SHELL IS CONSTRAINED ALONG EDGES (WHERE FLANGES OR STIFFENERS

WOULD BE). CENTER BEARING
SECTION
SHELL MODELED AS BOTH QUASIHSOTROPIC GLASS LAMINATE AND (R=10MM, L =20)

COMPOSITE HYBRID LAMINATE OF CARBON AND GLASS.

PrROTOTYPE PEEK SLIDER

SHELL CONSTRAINED
ON EDGES

SLIDER

‘/3!30 MM

SHELL

SLIDER

CROSS SECTION OF V-RAIL AND SLIDER



ATLAS PIXEL DETECTOR

RAIL ANALYSES

AN

JUuN 3 200z
16:35:03 STEP=1

SUB =1

TIME=1

UsUM (RVE)

DMX =.153032

SMX =.153032

AN

NODAL SOLUTION

JUN 3 2002
18:47:08

[ B
0

-041174
.020587

QUASHSOTROPIC GLASS SHELL COMPOSITE CARBON/ GLASS SHELL
E=19GPa (CARBON IN HOOP DIRECTION)
EaxiaL = 21 GPA; Ernoor = 147 GPA

SLIDER MADE FROM PEEK

E=35GPA SLIDER MADE FROM PEEK
E=3.5GPA
RAIL QUASHSOTROPIC CNGO
E =126 GPA RAIL QUASHSOTROPIC CNGO
HYBRID SHELL REDUCES E=126GPA
LOAD APPLIED = 8.75 KG RAIL DISPLACEMENT BY 20%

LOAD APPLIED = 8.75 KG

DMAX = 185 MICRONS

DMAX = 154 MICRONS




ATLAS PIXEL DETECTOR

PROTOTYPING

JUNE 2002
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ATLAS

PIXEL DETECTOR

JUNE 2002
PST FDR

MATERIAL TESTS

CURED PLY THICKNESS TEST
— DETERMINES BOTH CPT AND NET RESIN CONTENT (NO BLEED)

BLEED STUDIES

— NEED TO ASCERTAIN WHETHER BLEEDING IS POSSIBLE AND NECESSARY

— CO-CURING OF HEATERS POTENTIALLY MEANS NO BLEEDING OF PRE-PREG

— THICK FLANGE LAMINATE WILL BE BLED ACCORDING TO THESE RESULTS
FULL PANELS, NOMINAL LAMINATE (8-PLY QUASI-ISO) ALL MATERIALS,
WITH AND WITHOUT HEATERS

— DETERMINE MODULUS AND RESIN CONTENT BY EXTERNAL VENDOR

— DETERMINE CTE OF MACRO PANEL WITH AND WITHOUT HEATERS USING IN-PLANE
CAPABILITY OF TVH SYSTEM

WILL USE RESULTS OF THESE TESTS TO SELECT FINAL MATERIALS FOR
PST, AND USE PROPERTY DATA AS INPUT FOR SCT/PST MODELING
EFFORT
SHELL PROTOTYPE FABRICATION

— PROTOTYPE RAILS WILL BE BONDED IN PLACE

— DEFLECTIONS UNDER LOAD WILL BE MEASURED AND CORRELATED TO MODELS

N. HARTMAN LBNL
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ATLAS PIXEL DETECTOR

FLAT PANEL TOOLS

e TOOLS FOR FABRICATING FLAT TEST
PANELS

— 325 MM SQUARE GLASS PLATES FOR
TOOLING SURFACE

— CAN BE LAID UP AS 300 MM SQUARE
PANELS, OR 4 150 MM SQUARE PANELS (AS
SHOWN LEFT)
*  ALUMINUM TOOLING PLATES SUPPORT
GLASS
— 3 GLASS PLATES PER TOOL, 2 TOOLS

— TOOLS CAN BE STACKED TO CURE IN
AUTOCLAVE SIMULTANEOUSLY

READY TO VACUUM BAG BAGGED AND READY FOR AUTOCLAVE

JUNE 2002
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ATLAS PIXEL DETECTOR
MANDRELS

e CYLINDERS FOR FABRICATING PROTOTYPE
SHELLS
— 400 MM LONG FOR 300 MM SHELL LENGTH
— THICKNESS SIZED TO ALLOW FAST HEAT
TRANSFER IN AUTOCLAVE WHILE RETAINING
DIMENSIONAL STABILITY
e DIFFERENT MANDREL FOR EACH SECTION
— ALUMINUM MANDREL FOR FORWARDS
. GLASS LAMINATE REQUIRES TOOL WITH
HIGHER CTE IN ORDER TO GUARANTEE
RELEASE AFTER CURE
— STEEL MANDREL FOR BARREL SECTION
¢  CARBON LAMINATE CAN USE STEEL TOOL
(RAW MATERIAL CHEAPER AND MORE
AVAILABLE)
— BOTH MANDRELS SIZED TO ACHIEVE LAMINATES
WITH IDENTICAL RADII
. BASED ON ROUGH CTE CALCULATIONS GIVEN

MANDREL BAGGED FOR CURE

BOTH MANDRELS POSITIONED IN AUTOCLAVE

JUNE 2002
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ATLAS PIXEL DETECTOR
FLAT PANELS

. b .
BLEED STUDIES BEING LAID UP WITH PERFORATED ALUMINUM
SHEET IN ORDER TO SIMULATE BLEEDING THROUGH HEATER PANEL.

i o LN A e ! Sk
RESIN BLEEDING THROUGH PERFORATIONS IN TE e e el es e . v
MOCK HEATER. CURED GLASS (L) AND CARBON (R) TEST PANELS

JUNE 2002
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ATLAS PIXEL DETECTOR

PROTOTYPE SHELLS

e FOUR 150 MM LONG SHELLS

FABRICATED

— TwO ALL GLASS (AQII)

e 1 SHELL WITH 90 DEGREE
(HOOP) INNER AND OUTER
PLIES [90/30/150]S

e 1 SHELL WITH O DEGREE
(AXIAL) INNER AND OUTER
PLIES [0/60/1201S
— TwO ALL CARBON (YSHS80)

e 1 SHELL WITH 90 DEGREE
(HOOP) INNER AND OUTER
PLIES [90/30/ 150]S

e 1 SHELL WITH O DEGREE
(AXIAL) INNER AND OUTER
PLIES [0/60/120]S

* QUALITATIVE RESULTS

— SHELLS WITH AXIAL PLIES
WERE VERY FLEXIBLE IN THE
SHELL NORMAL DIRECTION

— |IT WAS DECIDED TO USE THE
HOOP FIBER ORIENTATION

JUNE 2002
PST FDR

AXIAL GLASS, HOOP GLASS, AXIAL CARBON, AND HOOP CARBON SHELLS
GRAVITY SAG BETWEEN DIFFERENT LAMINATES IS EASILY OBSERVED.

CARBON SHELL CLOSEUP.
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PIXEL DETECTOR

ATLAS
MANDREL DIAMETER CALCULATIONS
° FOR PRODUCTION IT IS CRITICAL TO FABRICATE PST FORWARDS AND BARRELS TO THE SAME
DIAMETER, FROM POTENTIALLY DIFFERENT TOOLS, WITH DIFFERENT MATERIALS
° TEST SHELLS WERE USED TO MEASURE HOW WELL DIAMETER COULD BE DETERMINED FROM
CALCULATIONS
— MANDRELS WERE MEASURED WITH CMM
— SHELLS WERE FABRICATED FROM MANDRELS
— SHELL DIAMETERS MEASURED AFTER CURE WITH PI-TAPE
— CALCULATED AND MEASURED DIAMETERS WERE COMPARED
¢ LAMINATE CTE’S CALCULATED WITHOUT HEATERS (TEST SHELLS HAD NO HEATERS ON THEM)
¢ MANDREL CTE’S TAKEN FROM MIL HANDBOOK 5, ASSUMED CONSTANT WITH TEMPERATURE
Mandrel Part CTEl Mandrel RT Mandrel/Part at Calculated Part | Measured Part | Difference | Difference
Mandrel CTE Part (ppm/K) | Diameter (mm) Cure Temp (C)] Temp Diameter Diameter After Diameter After from RT from Calc.
(ppm/K) PP (mm) Cure (mm) Cure (mm) (mm) (mm)
Steel 12.24 YSH80 -0.94 455.701 120 456.231 456.266 456.667 0.965 0.400
Aluminum  22.95 AQll 9.08 455.574 120 456.568 456.228 457.251 1.676 1.023

CMM DATA FOR STEEL MANDREL SHOWING LARGE TAPER

JUNE 2002

PST FDR

AGREEMENT IS POOR BETWEEN CALCULATIONS AND
SHELL MEASUREMENTS
—  DIFFERENCES IN MEASURING TECHNIQUE

CMM USED FOR MANDREL MEASUREMENTS

PI TAPE USED FOR SHELLS (LESS COST AND TIME)
—  MANDRELS WERE OUT OF SPEC
LARGE TAPER FOUND ON STEEL MANDREL
MAKES DIAMETER COMPARISON DIFFICULT TO DO
—  MATERIAL INFORMATION IS SUSPECT
GENERAL VALUES COME FROM MANUFACTURER

PROTOTYPE LAYUPS BEING MEASURED CURRENTLY

— ASSUMPTIONS MADE

RELEASE FILM THICKNESS ASSUMED FROM MANUFACTURER'S
INFORMATION — NOT MEASURED

ACTUAL GEL TEMPERATURE OF RESIN IS UNKNOWN

N. HARTMAN LBNL
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ATLAS PIXEL DETECTOR

HYBRID SHELL OPTION

e HYBRID SHELL (YSH8S80/AQII) HAS MANY ADVANTAGES OVER
QUASIFISOTROPIC AQ Il SHELL

— BENDING STIFFNESS DOES NOT INCREASE
e YSHS8O0 PLIES IN HOOP DIRECTION ONLY
— CTE’S MATCH BETTER - HOOP CTE CLOSELY MATCHES THAT OF BARREL
SHELL

e MAY NEED ONLY ONE MANDREL
— SAVES COST AND TIME
— ELIMINATES NEED TO MATCH DIAMETERS OF SHELLS FROM TWO DIFFERENT MANDRELS

e SHELL CTE MATCHES BETTER WITH HOOP STIFFENERS AND FLANGES
— LESS STRESS DURING TEMP CHANGES
— BONDING PROCESS IS EASIER (CAN BE HEATED TO CURE WITHOUT PROBLEMS)

— SHELL STIFFNESS OF FORWARDS IS INCREASED
¢ RAIL DEFLECTIONS ARE LOWER (~ZO% AS SHOWN IN SIMPLE MODEL)
¢ MODAL FREQUENCIES WILL INCREASE (MOST ARE SHELL MODES)

* POSSIBLE DISADVANTAGES

— YSHB8O0 Is MORE EXPENSIVE THAN AQ I
e THIS IS SMALL (AT MOST ~2K)
e MAY BE OFFSET BY SAVINGS IN HAVING ONLY ONE MANDREL
— CTE MISMATCH BETWEEN GLASS AND CARBON MAY CAUSE WRINKLING
DURING CURE
e DIFFERENCES IN STIFFNESS INDICATE THIS IS UNLIKELY

* REGARDLESS, PROTOTYPE SHELL IS BEING CONSTRUCTED IN ORDER TO TEST
THIS

JUNE 2002
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ATLAS PIXEL DETECTOR

PIXEL SUPPORT TUBE MOCKUP

e MOCKUP SIMULATES ENTIRE PST TUBE (IN 3
SECTIONS)

e GOAL IS TO SIMULATE INSTALLATION SCENARIO
— MOCKUP RAILS (ALUMINUM) INSTALLED
— RAILS CAN BE CHANGED OUT TO SIMULATE OTHER
DESIGNS
° DETECTOR RAILS AND SLIDERS WILL BE
TESTED
—  SLIDER MATERIAL AND SHAPE VALIDATED
— RAIL GEOMETRY MODIFIED IF NECESSARY

JUNE 2002
PST FDR
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ATLAS PIXEL DETECTOR

RESULTS & CONCLUSIONS
« PROTOTYPING

— BLEED STUDIES
* BLEEDING THROUGH PERFORATED HEATER PANEL IS INEFFECTIVE
* THERE IS PLENTY OF RESIN TO CO-CURE HEATERS WITHOUT ADDITIONAL ADHESIVE

— FLAT PLATES
¢ RESIN CONTENT AND MODULUS TESTING ARE BEING CONDUCTED CURRENTLY

— PROTOTYPE SHELLS

* MANDREL DIAMETERS ARE HARD TO CALCULATE AND MATCH WITH OUR CURRENT
INFORMATION
— NEED TEST RESULTS
— MUST FABRICATE MANDRELS TO HIGHER TOLERANCE
— HIGHER ACCURACY MAY BE DIFFICULT — MUST BE ABLE TO COMPENSATE

e SHELL LAMINATES WITH HOOP DIRECTION PLIES ARE ADVANTAGEOUS FOR PERFORMANCE
AND HANDLING

* RAILS

— DISPLACE MORE IN BEAM MODE THAN SHELL MODE (DISPLACEMENTS ARE
PRIMARILY NOT IN THE CROSS SECTIONAL PLANE)
* WOULD BENEFIT FROM A CLOSED SECTION RAIL, RATHER THAN THE OPEN ONE SHOWN

* |[NITIAL ESTIMATES SUGGEST A CLOSED RAIL COULD BE 50% STIFFER IN BENDING, BUT
WITH LESS CROSS SECTIONAL AREA THAN THE CURRENT RAIL
— ALLOWS USE OF LESS STIFF MATERIAL (P30 OR T300 FIBER)
— HAS LOWER CONTRIBUTION TO SHELL BENDING STIFFNESS
— ANALYSIS SUGGESTS THAT MORE HOOP STIFFENERS WILL BE NECESSARY (AT
300 MM SPACING, RATHER THAN ~600 MM)

— REQUIRES VALIDATION OF SLIDER SHAPE BEFORE DESIGN CAN BE ACCEPTED

* MUST RULE OUT THE POSSIBLE NEED OF A ROLLING MECHANISM IN THE EVENT OF HIGH
FRICTION

JUNE 2002
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ATLAS PIXEL DETECTOR

RESULTS & CONCLUSIONS CONT.

e PIXEL SUPPORT TUBE

— LOADS AND DEFLECTIONS ON SCT AND MOUNTS APPEAR TO BE IN THE
ACCEPTABLE RANGE FOR STIFFNESSES SHOWN, BUT THESE NUMBERS ARE
APPROXIMATE

e ACTUAL FIBER PLY THICKNESSES NOT YET DETERMINED TO HIGH ACCURACY
e FIBER STIFFNESSES NOT YET EXPERIMENTALLY MEASURED
e RAILS HAVE BEEN OMITTED FROM MODELS
— RAILS WILL STIFFEN THE SHELL IN BENDING
» INCREASED CROSS SECTIONAL AREA
»  STIFFER MATERIAL THAN SHELL ITSELF
— RAIL DESIGNS HAVE NOT BEEN OPTIMIZED
— POTENTIAL INCREASES IN SCT LOADS BY 15-20%

FEA MODELS GENERATE STIFFNESSES ALMOST ALWAYS HIGHER THAN IN REALITY
— THIS WILL MITIGATE THE RAIL CONTRIBUTIONS AND UNCERTAINTY IN MATERIAL DATA

— VIBRATIONAL MODES ARE FAR ABOVE THE FREQUENCIES THAT ARE NEEDED (SCT
STIFFNESS DOMINATES)

— FLANGES AND MOUNT PADS ARE STIFF ENOUGH TO SATISFY PIXEL STABILITY
BUDGET

— FLANGES AND PP 1 HAVE NOT YET BEEN OPTIMIZED

e PP1 DESIGN IN MODEL IS SIMPLE FLAT PLATE
— REAL DESIGN WILL BE STIFFER
— CONNECTOR MASSES HAVE NOT BE ACCOUNTED FOR AND ARE NOT YET KNOWN
e FLANGES HAVE BEEN ROUGHLY DESIGNED BUT NOT OPTIMIZED
— FLANGE LENGTH MAY BE SHORTENED TO SAVE MASS
— NUMBER OF RIBS MAY BE INCREASED OR DECREASED DEPENDING ON MANUFACTURING CONCERNS

— HYBRID SHELL APPEARS TO BE DESIREABLE
* SIMPLIFIES MANUFACTURING BY MATCHING CTE'S FOR FLANGES AND HOOPS
* IMPROVES RAIL PERFORMANCE WITH MINIMAL INCREASE IN SHELL BENDING STIFFNESS
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ATLAS

PIXEL DETECTOR

JUNE 2002
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PROTOTYPING PLANS

IMMEDIATE (WITHIN NEXT TWO MONTHS)

—_—

—_—

—_—

—_—

FABRICATE 300 MM LONG SHELLS WITH HEATER PANELS (BOTH HYBRID AND
CARBON)

PERFORM CMM MEASUREMENTS OF SHELL LAMINATES (TO COMPARE WITH
MANDRELS)

FABRICATE TEST RAILS

BOND TEST RAILS TO FLAT PANEL AND SHELL, MEASURE DEFLECTIONS
FABRICATE TOOLING FOR FLANGE PARTS

TEST SLIDER MATERIALS AND DETERMINE TARGET MATERIAL

SHORT TERM (WITHIN 6 MONTHS)

—_—

—_—

—_—

—_—

—

—

ORDER PRODUCTION MATERIALS

FABRICATE FULL LENGTH (2.8 M) MANDREL FOR FORWARD SHELLS
FABRICATE ALL FLANGE PARTS

BOND FLANGES TO PROTOTYPE SHELLS

FABRICATE FULL LENGTH RAIL TOOLS (2.8 M)

LAYUP FULL LENGTH TEST RAILS

LONG TERM (WITHIN NEXT YEAR)

—_—

—_—

—_—

FABRICATE FULL FORWARD LENGTH PST SHELL
FABRICATE FLANGES FOR FORWARD SHELL
FABRICATE MOUNT PADS

BOND FULL FORWARD PST ASSEMBLY (WILL BE USABLE ARTICLE IF NO ERRORS
ARE MADE, BUT BUDGET ALLOWS FOR ONE PROTOTYPE FULL LENGTH FORWARD
BEFORE PRODUCTION BEGINS)
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