Corso di tecnologie spaziali:
| palloni stratosferici
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MEANS OF FLIGHT: main characteristics for the experimentation

STRATOSPHERIC BALLOONS

Payload: total < 3t (detect. ~ 1t) at 40 km (=~ 5g/cm3 residual atmosphere)

Data taking: < 1 day (30 days at the poles)

Launch sites: very few because of winds (speed, direction), populations,
airplane routes, manoeuvring area (~ 1km?)

Price/event: high (0.5 M$/launch + instrument)

SATELLITES or STATIONS in Low Earth Orbit

Orbit: inclination depends on the launch site (polar is optimal for
geomagnetic cut and radiation belt crossing)

Altitude: <1000 km (radiation belts)
> 300 km (atmospheric drag)

‘Attitude’: not important for CR, but only for y

Price: 10000/50000 $/kg

INTERPLANETARY PROBES

Useful payload: a few kg - small acceptance
High radiation fluxes: = electron. components and materials
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Atmosfera residua
X(cm)=Xq4(9/cm?)/p(g/cm3)
0 m sIm: 1000 g/cm?

5000 m sIm: 550 g/cm?
10000 m sIlm: 300 g/cm?

| palloni ‘aperti’: /
Volume a 5g/cm? (40 km) oltre 1 Mm?
Materiale molto sottile (20/40um),

non regge differenze di pressione
Portata massima circa 3t

_inea di vista circa 800 km
Durata tipica del volo 20 ore

|l pallone “casca’ per le perdite di elio dovute
al ciclo giorno/notte




Palloni aperti

Alr Air

Palloni di classe A (NASA)
2.8 Mm3 @ 5 g/cm? atmosfera residua
R=90 m

Potere di sollevamento ~ 11t

Pallone 4/5t (p=1 g/cm3)
Servizi 3t © payload

Payload 3t @ 38+40km
(5g/cm? atmosfera residua)

servizi




National Scientific Balloon Facility
4sm FLOAT ALTITUDE: 120.000-130,000 FFET
PAYT.OAD WEIGHT: 6,000 POUNDS
——231 ..__,.‘
AS-—JL_ / 140 m \
147 m | 49]" \ i 469" diameter >
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172 m
567
555
MYLAR BALLOON
40 mullion cubic [eet
24 miles of seams
60 m 13 acres of fabric

At launch  Washington Monument At float altitude



(50 T aumenta per I’assorbimento rapido
degli UV di energia piu alta

Profilo termico dovuto a O, e O,

T aumenta perché I’Ozono (10 ppm)
assorbe gli UV

Regione dei
palloni

T diminuisce perche’
ci si allontana dalla terra “calda’

Thermal structure of the atmosphere



Height~ 40 km In flight!
- ~5 g/cm? residual e
atmosphere
Duration of the flight
limited by night/day
effect

-

Long duration?

Launch




Le attrezzature per il lancio:

Veicolo per sostenere il ‘carico’

Veicolo per trattenere il pallone durante il riempimento con elio

Uno o piu’ veicoli con le bombole di elio

Palloni sonda per misurare 1 venti in quota prima del lancio
(Turn-around)

Base di lancio con ampia area di manovra

Hangar per I’assemblaggio ed il controllo dei carichi

Sala di controllo per gli sperimentatori






















Operazione di lancio con
Inizio prima dell’alba per avere
Il pallone in quota al sorgere del Sole
E poter sfruttare al massimo la giornatal!







Nightglow in Australia
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Un pallone in quota




Quando il pallone inzia a perdere quota,
Il payload viene sganciato con una carica esplosiva
e viene aperto il paracadute per rallentare la discesa

E’ importante il recupero del payload!!!!

|l payload puo atterrare a migliaia di km dal punto di
Lancio (fortissimi venti in quota anche nelle condizioni
migliori!)






Vari tipi di “carico’



1

LRl Te

GéE RICH S
Las RICH

TRACKIMG EZ2vEZTEM

TOF

CaLORIMETER

FAFTICLC p2TPOT Y20 LR
h'n WIAT CIL LRwIRon L DM, WY

= ArE 3 E M,
ey

Fh CAFRICCE WO | FambO
roEs e




TQF

-

31

L/

WAPC

2

32
TCF



.ﬂ..&:.

.__.:H










Un caso singolare:
Il pallone TopHat
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Come si trasferiscono a terra I dati acquisiti?

1.  Siscrivono i dati su disco/memoria a bordo e si recuperano dopo la caduta

2. Si utilizza un sistema di telemetria “‘custom’ (= vanno mandati anche comandi!)
e  Aereo che segue il payload (migliaia di km!!!1)
e  Utilizzo di una rete di basi a terra

3. Utilizzo di rete satellitare telefonica (IRIDIUM)

Cosa si usa per alimentare 1l payload?

Data la durata limitata del volo la soluzione migliore sono le batterie
Esempio: 1 kW, 24 ore = 24 kWora
Batteria ‘commerciale’; 60 Ah, 12V = 720 Wora

30 batterie * 10 kg = 300 kg



‘Long Duration Ballooning’ con palloni aperti
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Performance of RUNJOB experiments

X
Moscow

Tokyo
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Jason T. Link OG 1.1.7
Transiron CR (30<Z<40)




High Energy Electron Observation

by the qu%r Patrol Balloon in Antarctica
T




Balloon Flight = s
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* Launched at the Syowa Station, Antarctica "
«  Level Altitude ~34.6 km WAL
« 13 days flight ‘
(Jan. 4, 2004 to Jan. 17)
HE (>100 GeV)
5700 events, (0.02 Hz) w0
LE(>10GeV) |
22000 events, (3 Hz) | 350

2/04 1/15/04 1/18/04




Trigger and Data Transfer System

Direct telemetry
to Syowa Station

e Low Energy (LE) Trigger
— 10 GeV - 100 GeV
— 10 hours from launching

e High Energy (HE) Trigger

Storage to on-board disk

— 100 GeV -1 TeV

¢ 2nd Tl’lgger é Iridium satellite telephone

— Software trigger selected from HE

Satelite PPB-BETS
; 7 2.4 kbps
1 \ Telemetry
RS Iridium Telephone g ] LE Tngget
‘Daf;a : : P System 4 S
Stﬂi HE/2nd Trigger

Ground syawa

NIPR Station Station
(Japan) : (US) (Antarctica)

phone

(9.6 kbps)






Organizzarsi per I’ Antartide..
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Sviluppo di palloni “chiusi’ per
Ultra Long Duration Ballooning
(ULDB)




ULDB
Project

NASA Science Discipline Users

Atmospheric chemistry

Atmospheric circulation

Sub-millimeter & infrared astronomy
Ultraviolet & optical astronomy (A>1900 A)
High-energy X-ray astrophysics
Gamma-ray astronomy

Cosmic ray astrophysics

Cosmic dust

Test platforms



Who Uses Balloons?

NASA

- Atmospheric
- Astronomy

Conventional Zerto-Pregaue

- Astrophysics

+ NOAA

- Atmospheric

vios || o DoD
Project

- Surveillance

- Weapons systems

Commercial

- Telecommunications

- Advertising

aloy Station




Balloon Design Requirements

* Duration up to 100 days

Global flight capability

Total suspended mass of 1600 kg
» Minimum float altitude of 33.5 km

ULDB
Project

The Balloon is the major technical
challenge

12



Balloon Material

« Composite material (62 g/m? approximately)
— Polyester fabric (30 g/m?)
* Yarn denier 30g/9000m (warp and fill)
« Yarn tenacity 6.1g/denier (warp and fill)
* Yarns per meter 4724/m {(warp) and 4252/m (fill)
— Polyester film (8.8 g/m? , 6x10° m thick)
— Polvethylene film (5.8 g/m? , 6x10° m thick)
— Two adhesive layers
* Strength requirement - 600 N/m

BR11 Polyester Fabric

Adhesive
Bp Mar Film
Adhesive

by Folyethylene Film
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ULDB
Project

BALLOON IS A THERMAL VEHICLE
ENERGY BALANCE

Q%un + QReflected + Qintemal + QConvection + @Convection = PRadiated + @Radiated + QRadiated
Sunlight Energy  GasteFilm  Airto Flm to Earth  to Space Gas to Film

Radiated To Space Intermally Cererated Heat Direct Sunlight

t=aeF arf(Tr? - Tapased) i=0 F
e = Hufase erp?ir:i.rgr bahs fd Fpace 3= ttAperplaun
&= Bulaee Emissivity
Boypf = Hurface fren : ;
Apary = Ferpendicubr for Fropered] Ar \ BALLOON Radisted Betwesn Gas And Film
Liug, = Bolsr Constant r Qgl =0tz Ted - Teh
i <Butlaldo -

P 5= View Factor From the Balloon to Bpace
F,g = View Factor From the Balbon to Eank

Qogl = ':HET':T;E - T}
Convection Betwresn Air Ard Film

Lfmxaniinn Betumern Tz Ard Fibn

PN 1N
SellLzZ”

7 = el fan-E ok man Comstank Radisted Sou e icfa = CHfal Ty - Tr)
foe ik Tt b Reflected Surdight

a= ETh J Pl i Earth & 1
T = Gas Tamparskur Qeg = ocFy ,;E-E'as'l.u'lfrj.’d : Ted} Qer = aePh pAperplaun

Tepaoe = Tamperstwre of Fpacy
Te = Temperaturs of Earth

CHgf & Cioell of Heaot Traznsber, Gas to Film
CHEs = Cosff of Heat Trazsfar, Adrto Film
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ULDB
Project

Based on worst case
environments, a'e =
0.3, and maximum
material weight

Yolume =~700,000m3
Height = 786 m
Diameter =128.2m
Gores = 268

Gore Length = 168.8m
Area =40 755 m2
Mass = 2 798 kg

Mirl density = 62 ghm2
Diff Press = 195020 Pa
Float = 35 km

Payload = 1585kgs
Ak Exc =300m

23



ULDB
Project

Trans-Iron Galactic
Eletnent Fecorder

i
Project Manager: Ira.S. Smith.1{@gsfe.nasa. gov

http://www. wif.nasa. gov/~uldb/




Fly Where?

ULDB
Project




Balloon Payloads: How Large?

ULDB
Project

Solar Physics: Flare Genesis

Infra-Red: PRONAOS

I L0 e e e e Rl e e

CME: Boomerang




ULDB
Project

Vehicle & Recovery Systems

?\ 231 PARACHUTE SLEEVE

2.4.2 PARACHUTE RELEASE

2.4.3 CABLE LADDER

2.4.5 STROBE LIGHT

AN/

2.4.4 TRUCK PLATE
AZIMUTH POINTER

PAYLOAD

24



ULDB
Project

PV Array Structure & Deployment

LAUNCH
CONFIGURATION

PRIMARY
PaMEL
[fixed)

DEPLOYED
CONFIGURATION
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ULDB
Project

Beyond 2000 Concepts

Planetary Ballooning

39



