Space-flight readiness
assessment of the
PAN demonstrator
mechanical design

Edoardo Mancini
INFN Perugia

Forum on tracking detector
mechanics
Frascati, 8" of June 2022




PAN

rll'

Penetrating Particle Analyzer

Franck Cadoux —

The Mechanic Team

Lorenzo Mussolin — tests — University of Perugia

Edoardo Mancini — tests — INFN/University of Perugia
Laurent Nicola - mechanical designer - University of Geneve

Sylvain Pampaloni — CNC technician - University of Geneve

UNIVERSITE
' DE GENEVE

INFN

SEZIONE DI PERUGIA

responsible of the mechanics — University of Geneve

A.D. 1308

unipg

UNIVERSITA DEGLI STUDI
DI PERUGIA

08/06/2022

Forum on tracking detector mechanics 2022



PaM

-1.‘

Penetrating Particle Analyzer
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_P/n,_!_l_ Framework
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Penetrating Particle Analyzer

Project. development of a compact particle
detector for space missions

Capabilities:

- Detection of highly penetrating cosmic
GeV

- Discernment of posmve and negative particles

Horizon 2020
European Union Funding
for Research & Innovation

This project has received funding from the European Union's Horizon 2020 research
and innovation programme under grant agreement No 862044.
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Pﬂ“ The Mechanics of the Experiment

—ad ' End cap (PIXEL

Penetrating Particle Analyzer + TOF I/ F) Magnet X2

Magnet (and Module)
support

PIXEL + TOF x2 STRIP Module (X/Y) x3
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The Updated Mechanics

More compact design. Under development. N
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Working environment

PAM
Penetrating Particle Analyzer
Launch associated loads:
- Static acceleration

- Harmonic vibrations

- Random vibration

- Shocks

Causes:

Rocket vertical motion
Rocket-air interaction
Wind

Rocket engine
combustion transient
Rocket stages separation
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Working environment

Penetrating Particle Analyzer

Launch associated loads:

Static acceleration
Harmonic vibrations
Random vibration
Shocks

Causes:

Rocket vertical motion
Rocket-air interaction
Wind

Rocket engine
combustion transient
Rocket stages separation

Principales étapes du vol Ariane 5 Allumage de I'Etage Séparation du satellit-e 2 Séparation
< = 2 Supeneur Cryotechnlque Satellite 2 separation du satellnte 3
The Ariane 5 main flight events Jnition of upp satellite 3
Extinction et séparation cryoge i e o iy TpEE
de I Etage Prunc:pal Cryogénique ; )
Shiitedown and senaration " Extinction ESC-D  Séparation Sylda 5 B ™

Largage de la coiffe l

Jettisoning of fairing

' et séparation Sylda 5 separation
Oof main cryogenic stage o
du satellite 1
' Shut-down
upper stage
ite 1

Largage des étages
d‘accélération a poudre
Jettisoning of

solid boosters

UNGE and ascent phase

.-
Satetee )
yega atcn

Trajectoire Ariane 5 pour orbite de transfert géostationnaire
Ariane 5 trajectory for geostationary transfer orbit
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Pﬂ“ Launch loads — static acceleration
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Penetrating Particle Analyzer 45 1
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Figure 3.2.1.a - Typical longitudinal static acceleration

Source: Ariane 5 UM Microsoft Word - MUA5 5 1 INTRO.doc (arianespace.com)
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https://www.arianespace.com/wp-content/uploads/2011/07/Ariane5_Users-Manual_October2016.pdf

Launch loads — vibrations

Source: Ariane 5 UM Microsoft Word - MUA5 5 1 INTRO.doc (arianespace.com)
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Penetrating Particle Analyzer

Direction Frequency band (Hz) | Sine amplitude (g)
Acoustic noise spectrum
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Figure 3.2.5.2.b - Acoustic noise spectrum Table 3.2.3.a - Sine excitation at spacecraft base
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Launch loads — shocks
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Penetrating Particle Analyzer
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Figure 3.2.6.a Envelope shock spectrum for clampband release
at spacecraft interface and for fairing and L/V stage separation events

Source: Ariane 5 UM Microsoft Word - MUA5 5 1 INTRO.doc (arianespace.com
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Working environment

AN

Penetrating Particle Analyzer

On-orbit/operational loads:

- Thermal cycles
- Radiation
- Qutgassing

causes:

- Earth shadowing, sun and

umbra phases

- Distance from the boundary

of the magenetosphere
- Absence of air

Observing
area

MNorth
Fole Sky dark,

Satellite e =, Satellite visible

or bit

ro.

Sunlight

Sky bright,
satellite
not visible
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Working environment

paM
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Penetrating Particle Analyzer

On-orbit/operational loads:

- Thermal cycles = ety e - 4

- Radiation o iV SRS | e S50 8

- Outgassing ot | il
Causes: ST | | (|

- Earth shadowing, sun and
umbra phases

- Distance from the boundary
of the magenetosphere

- Absence of air

International Space Station (I1SS)

- Orhbit periond ~ 90 min (1.5 hrs)

- Max T (exposed to the sun) ~ 120 °C
- Min T (shadow) ~ -150 °C
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Penetrating Particle Analyzer
Vibration benches:

- Shaker 3 kN - INFN
- Shaker 10 kN — University of Perugla
- Shaker 49.5 kN — SERMS s.r.l.

- Slip table (2.7 x 2.7 m?) — University
of Perugia

Pﬂ“ _SERMS Laboratorles I

Shock facilities:
- Air cannon — SERMS s.r.l.

Climate and Vacuum:
- Thermo-vacuum chamber ¢$2.1 m X

2.1 m—UniPg | SERMS Lab: synergic collaboration of
- Climate chambers - UniPg the INFN, the UniPg and the SERMS s.r.|
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Penetrating Particle Analyzer

Components:

- X2 PAN Strip-X boards
- x1 PAN Strip-Y board
- X1 Support frame

08/06/2022

Mechanical tests - SUT
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Mechanical tests — Test Campaign

AN

Penetrating Particle Analyzer Interface Harmonic Random test Harmonic I:> Random test
validation E:: : : | :

test Z Z test X X

Profile E:> Pyro-shock
calibration test Z
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I\/Iechamcal tests — Monltorln 1/4

3
Penetrating Particle Analyzer
Monitoring:

_ b S e, g
Laser interferometer " @"‘"‘ -g,g-?;%ﬁ%
(vibration Z)

- Accelerometers
(vibration Z, X and pyro-
shock)

08/06/2022 Forum on tracking detector mechanics 2022



-/.'1/._—‘-—

Penetrating Particle Analyzer

Mechanical tests — Monitoring 2/4

10°

New frame - accelerometer - transmissibility
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Penetrating Particle Analyzer

Mechanical tests — Monitoring 3/4

10°

New frame - interferometer - transmissibility
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Penetrating Particle Analyzer

Mechanical tests — Monitoring 4/4

Phase [deg]

102_
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Mechanical tests — vibrations Z
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Penetrating Particle Analyzer

Resonance |::> Sine Swee |::> Resonance |::> Random |::> Resonance
search Z1 P search Z2 search Z3

(" Random vibration (RNDM) R
4 Sine sweep (SWP) ) Frequency [Hz] Level
Frequency [HZz] Level 20-100 +3 dB/oct
5-20 9.67 mm (0-pk) 100-600 0.2 g?/Hz _
20-100 15.6 g 600-2000 -5 db/oct A;'S
Sweep rate: 2 oct/min Overall: 14.46 g,
Duration: 2 min
. _/

08/06/2022 Forum on tracking detector mechanics 2022 24



Sine sweep
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Penetrating Particle Analyzer
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Random
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Penetrating Particle Analyzer
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Mechanical tests — vibrations X

AN

Penetrating Particle Analyzer

Resonance |::> Sine S |::> Random Resonance
search Z1 INe SWeep ando search Z3

" Random vibration (RNDM) R
4 Sine sweep (SWP) N\ Frequency [Hz] Level
Frequency [HZz] Level 20-100 +3 dB/oct
5-20 9.67 mm (0-pk) 100-600 0.1 g%/Hz _
20-100 15.6 g 600-2000 | -5 dbloct A;‘('S
Sweep rate: 2 oct/min Overall: 10.22 g«
Duration: 2 min
& —/
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In Z-1/3

Shock

Mechanical tests —

——— SRS for Reference

==== SRS for Reference +3dB

SRS for Reference +6dB
——— SRS for Reference -5dB

==== 3RS for Reference

3dB

= SR3Z AVGI+Z (Abs Acceleration, Absolute, Maximum)
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Penetrating Particle Analyzer
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Superimposition of resonance searches - transmissibility
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Inspection after mechanical tests
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Penetrating Particle Analyzer

47.

The optical test showed no signs of failure
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Experiment vs Model

AN

Penetrating Particle Analyzer

20-log |[(H(w))|
3ae |2
P] P‘) 1 %
ge!
o
=
=
28 =
> O
(6] 520 (1))
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Both results are disturbed by the presence of

surrounding peaks

Better results obtained considering

only the point on the left

1[]3 ]

102 |

1[]1 |

FRF damping calculation

10 102
Frequency [Hz]

csi = ©.046762589928057555
peak freql = 556.0

csi = ©.024861878453038673

> peak freq2 = 724.0

csi = ©.85575539568345324

peak freql = 556.0
csi = ©.827624309392265192

peak freq2 = 724.0
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Simulation

AN

Penetrating Particle Analyzer

Modal analysis

Exctraction of the modal displacement on
some nodes of interest

aaaaaaaaaaaaaaaaaaaaaaaaaaa

FRF generation - Ay

Output PSD -> preliminary structural analysis

eeeeeeeeeeee

A.D. 1308 w———

unip
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FRF exp. Vs FRF simulation

FRF - Experimental vs Simulated
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Penetrating Particle Analyzer .
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Output [units]
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Test by analysis

1072

Penetrating Particle Analyzer

Output time history 1073
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PAM

Conclusions and prospects
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Penetrating Particle Analyzer

e Conclusions:
* The object is suitable for space-flight from a mechanical point of view

* Either the silicon and the micro-bonds survived the mechanical
vibrations and pyro-shock tests

* Prospects:
« Mechanical test to determine the properties of silicon detectors

« Thermal test to verify the capability of the object to withstand thermal
cycles (CTE mismatch test)
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Penetrating Particle Analyzer

Thanks for the attention
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Penetrating Particle Analyzer

08/06/2022

Backup slides
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Pﬂ“ Pull test micro-bonds
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Penetrating Particle Analyzer

 Pull force: 7 g
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