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Shocks

Bulloni esplosivi
Attenuazione sulle strutture meccaniche

Termica

Riscaldamento per attrito su atmosfera
Disaccoppiamento termico con payloads




L ’ambiente In orbita

1l sole
*Massa 2.10% kg
*Raggio 7.108 m
*Potenza 3.9 100 W

sEmissione con picco a 460 nm
T superficie 5800 K
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| ’atmosfera terrestre -

Dipendenza dall’attivita solare
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Table 2.3 Mean free path A, as a function of altitude

Altitude (km) Ap (M) Altitude (km) Ay (M)
100 0.142 300 2.6 x 103
120 3.31 400 16 x 10°
140 18 500 77 x 103
160 53 600 280 x 103
180 120 700 730 x 10°

200 240 800 1400 x 103




1 cCampo magnetico terrestre

Correnti che circolano nel core della terra

110 tilt from rotation axis

Inverted dipole

«Offset from centre of Earth

Dipole moment 8*101° Tm3
(30-4 HT RSEarth)

eMultipole terms

*Time dependent terms

e|Interaction with solar wind




Correnti dovute al plasma solare
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demic Publishers)
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Le fasce di radiazione (o di Van Allen)

«Si tratta di zone in cui le
particelle sono intrappolate dal
campo magnetico terrestre.

oIl flusso di particelle e di ordini
di grandezza superiore rispetto
all’esterno

Furono scoperte con un Geiger
a bordo del satellite Explorer 1
dal gruppo di Van Allen nel
1958

Elettroni e protoni sono costretti
a spiraleggiare lungo le linee di
forza del campo geomagnetico
Possono costiuire un pericolo per
I satelliti che vi si trovano
all’interno

GEOMAGNETIC
AX1S
b

Prinmb schema fatto da Van Allen sulla
struttura delle fasce di radiazione terrestri:
gquella piu interna e relativa a protoni;
nmentre quella esterna € costituita
princi pal nente da elettroni.



Trapped particles in Van Allen Belts
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r = L cos?A,,

Moto delle particelle intrappolate
nel campo geomagnetico

*P0sSON0 essere scomposte in tre
componenti

1. Una rotazione circolare intorno

alla linea di forza T e AP
FER s _Lr__:*m_“\mglrtmhon POINT
2. Uno spostamento lungo la linea o G R ore %) (et
c c ROTONS - . o e
di forza del centro della rotazione \ Ve T PACETIC FIED L

del punto 1.

3. Uno spostamento (drift) in
longitudine verso W (+) o E (-),
dovuto alla disuniformita del campo
magnetico (drift gradiente
curvatura)

Magnetic field strength B,

(B2>8B1; therefore, Ry>R,.)



Fig. 8. Motion of charged particles in the geomagnetic belts. A) gyration B) bouncing C) drift.

Trapped Particle
Trajectory

Fig. 1.

Illustration of the motion of trapped particles in the Earth’s magnetic field
g
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Figure 2.15 Radiation belt model particle fluxes. Contour
plots in ‘dipole space’ in a plane containing the
geo-dipole axis (y): (a) electron fluxes at greater than
1MeV and (b) proton fluxes at greater than 10 MeV. (Axes
are calibrated in Earth radii, Re)[13]. |Reproduced by
permission of the International Astronautical Federation)
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SAA dovuta a offset e tilt dell’asse
geomagnetico rispetto all’asse di
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Figure 216 FProton radiation belt at low altitude, derived from
APZ model. Flux contours at longitude 325°, Tilt and offset brings
contours below the B00km altitude line. This is the South Atlantic
anomaly [13]. (Reproduced by permission of the International Astro-
nautical Federation)



Attenzione aqgli effetti delle particelle intrappolate!!!
(e di quelle emesse nei solar flares)
Enorme aumento di flusso rispetto al normale ambiente spaziale
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Figure 2.18 Quiet-time energy spectra for the elements
H, He, C, N and O. Measured at 1 AU over the solar min-
imum period from 1974 to 1978 [16]. Note the ‘anoma-
lous’ enhancements in the low-energy spectra of He, N
and O. The data are from Caltech and Chicago experi-
ments on IMP-7 and IMP-8 [16]. (Reproduced by permis-
sion of the Jet Propulsion Laboratory, California Institute
of Technology, Pasadena, California)




Potenziali effetti sull’elettronica delle particelle ionizzanti:

1. Dose totale

2. SEE (SEU, SEL)

3. Danneggiamento dei pannelli solari
4. Caricamento dei dielettricli

Soluzioni:




[Fagh Reanitiohs

The International Commission on Radiation Units and Measurements (ICRU)
recommencds the use of 51 units. Therefore we list SI units first, followed by cgs (or ot her
common) units in parentheses, where they differ.

8 Unit of activity = becquerel [curie]:

1 Bg = 1 disintegration s~ [= 1/(3.7 = 101" Ci]
o Unit of absorbed dose = gray (rad):

1 Gy =1 joule kg™ (= 10* erg g=! = 100 rad)

= 6.24 x 10'2 MeV keg~! deposited energy

o Unit of exposure, the quantity of z- or 4- radiation at a point in space integrated
over time, in terms of charge of either sign produced hy showering electrons in a small
volume of air about the point:

= 1 coul kg=! of air (roentgen; 1 B = 2.58x 10~% coul kg—1)

= 1 estt em ™= 87 8 erg released energy per g of air)
Imnplicit in the definition is the assumption that the small test wlume is embedded in
a sufficiently large uniformly ireadiated volume that the number of secondary electrons
entering the volume equals the mumber leaving, This unit is somewhat historical, but
AppeRts On MANY Measuring instruments.
o Unit of equivalent dose (for biological damage] = sievert [= 100 rem (roentgen
equivalent for man)]: Equivalent dese in Sv = absorbed dese in grays x wp, where
wp (radiation weighting factor, formerly the quality factor () expresses long-term risk
(primarily cancer and leukemia) from low-level chronic exposure. It depends upon the
type of radiation and other factors, as follows [2]:

Table 29.1: Radiation weighting factors.

Radiation wp

X- and s-rays, all energies
Electrons and mmons, all energies

Neutrons < 10 keV b5}
10-100 keV 10
= 100 keV to 2 MeV 20
2-20 MeV 10
= 20 MeV b5}
Protons {other than reccils) = 2 MeV 5

Alphas, fission fragments, & heavy nuclei 20




.ﬁ.l':ﬂ‘lul.ﬂll doses (Si) in | circular equatarial orbits)

computed with SHIELDOSE and AEBMAX, APBMAX models

4 mm spharical aluminium shielding.
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Table 2.9 Radiation dose in space-laboratory-
type orbit {free space)

Source Dose rate

Galactic radiation 0.01-0.05 rad/day =.0001-0.005 Gy/h

(~0.3 rem/day)=.003 Sv/day

Radiation belts protons: |} —10rad/h=.01-0.1 Gy/h
Ibehind 1 cm Al]
electrons:| 10% - 10 rad/h =1-10 Gy/h

{at surface of S/C]
(~1-30rem/h) =.01-.3 Sv/day

Solar flares 12-350rad/event = 0.12-3.5 Gy/event

{(~10500rem) =100 Sv/event = 0.1-5 Sv/day

Note: Mean dose on earth 250300 millirem/year=2.5-3 mSv/yr




Single Event Latchup

How Latchup Occurs

Circuits are manually made in silicon by combining adjacent p-tvpe and n-tvpe regions (.e.,

aver-seeded, or"daoped," with appropriate impuarities) into transistors. Paths other than those chosen to
form the desired transistar can sometimes result in so-called parasitic transistars, which, under normal
conditions, cannot be activated. Latchup occurs when a spurious current spike, such as that produced by
a heawy cosmic ray, activates ane of a pair ofthese parasitic transistors, which combhbineg into a circuit with
large positive feedback. The resultis that the circuit turns fully on and causes a short acraoss the device
until the latter burns up or the power to it is cycled. This condition, when caused by a charged padicle, is
called Single Event Latchup.

CMOS Gate

+V's -Vs

Parasitic Transistors

+W'g

Deasired Circuit

+Vg

Equivalent Circuit
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Figure 2.21 Comparison of the fluxes of predicted orbital debris and meteoroids
(Reproduced by permission of NASA)




	

