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¸
B

alloon envelope :
-

polym
er film

 50 m
icrons thickness

-
M

etallic end fittings

¸
F

light train :
-

B
alloon sensors and housing

-
C

ut off device

-
B

ack-up cut off com
m

and

-
R

adar R
eflector

-
F

lash-light

-
Lines and cables

-
A

utom
atic ballast release system

¸
F

. C
./S

c. G
ondola “R

um
ba

” :
-

G
P

S
 and A

tm
ospheric sensors

-
F

light M
anagem

ent unit

-
B

ack up flight term
ination system

-
A

rgos T
ransm

itter/B
eacon

¸
A

dditional payload (optional)
-

Instrum
ent

-
P

ow
er

-
T

herm
al control

F
light configuration, A

ntarctica

F
light C

ontrol/Science gondola : 9 K
g

B
alloon

 :

D
=10m

, 25K
g

 or D
=8.5m

, 18.5 K
g 

F
light T

rain
 : 5 K

g
15 m

A
dditional payload :  up to 8 K

g

A
ir tem

perature sensors
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T
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y A
rg
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s tran

sm
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ÿ
A

fter co
llectio

n
 b

y A
rg

o
s receivers (o

n
 b

o
ard

 vario
u

s p
o

lar

o
rb

itin
g

 S
atellites) d

ata are tran
sm

itted
 to

 T
o

u
lo

u
se

acq
u

isitio
n

 cen
ter an

d
 th

en
 au

to
m

atically d
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atch
ed

 o
n

 tw
o

w
eb

 sites

l
S

cience : LM
D

 w
eb site

l
F

light m
onitoring : C

N
E

S
 w

eb site

¸
T

rajectory

¸
F

light system
 condition for predicting rem

aining life tim
e

ÿ
A

d
d

itio
n

al p
aylo

ad

l
T

elem
etry through R

um
ba gondola
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M
ain

 p
erfo

rm
an

ces :

ÿ
M

easu
rem

en
ts b

y R
u

m
b

a : 

ÿ
A

d
d

itio
n

al p
aylo

ad
 telem

etry rate :

l
3072 bytes/day

ÿ
F

lig
h

t d
u

ratio
n

 :

l
S

pecified lifetim
e : 3 w

eeks

l
D

esign lifetim
e : 2 m

onths

ÿ
F

lig
h

t levels (w
ith

o
u

t ad
d

itio
n

al p
aylo

ad
) :

l
10 m

 balloons : 92.5 +
/- 2.5 g/m

3

l
8.5 m

 balloons : 127.5 +
/- 2.5 g/m

3

R
ecu

rren
ceA

ccu
racyA

ir p
ressu

re15 m
in

+
/- 20p

aA
ir P

ressu
re variatio

n
1 m

in
+

/- 2P
aA

ir T
em

p
eratu

re15 m
in

+
/- .3°

P
o

sitio
n

 (G
P

S
)15 m

in
(reso

l.) : 1m
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L
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ed
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n
 scien

ce criteria (ad
eq

u
ate

d
istrib
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tio

n
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f th
e b

allo
o

n
s )

w
L

au
n

ch
 o

p
p

o
rtu

n
ity is th

en
 co

n
firm

ed
 b

ased
 o

n
 lo

cal
m

eteo
ro

lo
g

y (g
ro

u
n

d
 w

in
d

, icin
g

 co
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d
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…
)

w
L

au
n

ch
 o

p
eratio

n
s are ~

 2.5 h
o

u
rs lo

n
g

l
P

ayload final check out

l
B

alloon control and layout on the inflation/launch table

l
B

alloon inflation at a first dedicated location under ground w
ind

speed up to 3/4 m
/s

l
B

alloon m
ove to the launch pad

l
B

alloon release under ground w
ind up to 4/6 m

/s

w
N

o
 n

eed
 fo

r larg
e g

ro
u

n
d

 in
frastru

ctu
re
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Balloon stretched on launch table 
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Moving to the launch pad

Release
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D
evelo

p
m

en
t o

verview

1996/1999 :

ÿ
B

allo
o

n
 system

 d
esig

n
ed

 b
y extrap

o
latio

n
 o

f earlier p
ro

g
ram

s
ÿ

R
u

m
b

a g
o

n
d

o
la d

esig
n

, d
riven

 b
y lo

w
 w

eig
h

t req
u

irem
en

t
¸

m
itig

ated
 su

ccess o
f lo

n
g

 d
u

ratio
n

 flig
h

t at lo
w

 latitu
d

e (E
q

u
ato

r 98)
¸

failu
re o

f th
e th

ree lo
n

g
 d

u
ratio

n
 flig

h
ts in

 A
rctic d

u
rin

g
 w

in
ter 99

1999/2002 :
ÿ

B
allo

o
n

 R
ed

esig
n

 b
ased

 o
n

 in
n

o
vative so

lu
tio

n
s :

l
B

alloon architecture
l

E
nvelope film

l
Launch m

eans and procedures
l

E
xtensive qualification program

ÿ
R

u
m

b
a G

o
n

d
o

la red
esig

n
 :

l
S

im
plification

l
C

orrection of several design flaw
s

l
F

light validation program
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B
allo

o
n

 verificatio
n

 p
ro

g
ram

 :

w
G

ro
u

n
d

 tests

w
E

xten
sive F

lig
h

t tests :
ÿ

20 flig
h

ts, S
p

rin
g

/W
in

ter A
rctic (K

iru
n

a, S
w

ed
en

, 68
°N

) :

¸
S

pring 2000 : 4 short duration flights

¸
W

inter 2000/2001 : 11 short duration flights

¸
S

pring 2001 : 3 long duration flights

¸
W

inter 2001/2002 : 2 m
edium

 duration flights

ÿ
B

allo
o

n
 read

y fo
r system

 q
u

alificatio
n

 b
y late Jan

u
ary 2002
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R
u

m
b

a g
o

n
d

o
la verificatio

n
 p

ro
g

ram
 :

w
F

lig
h

t tests : 6 flig
h

ts

ÿ
F

ro
m

 K
iru

n
a :

¸
W

inter 1999/2000 : 2 flights under “Infra R
ed M

ontgolfières”

ÿ
F

ro
m

 B
au

ru
 (B

razil) :

¸
W

inter 2000/20001 : 3 flights under “Infra R
ed M

ontgolfières”

ÿ
F

ro
m

 K
iru

n
a :

¸
S

pring 2001 : 1 flight under super-pressure balloon

ÿ
R

u
m

b
a G

o
n

d
o

la read
y fo

r system
 q

u
alificatio

n
 b

y m
id

 2001
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V
o

rco
re system

 q
u

alificatio
n

 :

w
P

re-V
o

rco
re cam

p
aig

n
, K

iru
n

a Jan
u

ary/M
arch

 2002

ÿ
E

ach
 o

n
e o

f th
e th

ree V
o

rco
re flig

h
t co

n
fig

u
ratio

n
s valid

ated
th

ro
u

g
h

 tw
o

 lo
n

g
 d

u
ratio

n
 flig

h
ts :

l
F

or flight level 92.5 g/m
3 : flights P

V
-1

 and P
V

-2

l
F

or flight level 127.5 g/m
3 : flights P

V
-4

 and P
V

-5

l
F

or interm
ediate flight level ( additional payload) : flights P

V
-6

 and
P

V
-7

N
ote :¸

F
light trains included a radar transponder (3.4K

g), w
hich is not requested

for V
orcore. A

s a consequence, actual flight levels are low
er than for

V
orcore : resp. 99, 135, and 108 g/m

3

¸
P

V
-3

 balloon did burst
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P
re-V

o
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re flig
h

t su
m

m
ary :

l
N

ote :

¸
T

he flight period, m
id W

inter, instead of early S
pring for V

orcore-V
oredge

w
as m

uch m
ore severe than needed for the gondola validation : the very

long night-tim
e periods, up to 96 hours did not allow

 the nom
inal day-tim

e
w

arm
ing. T

his choice w
as the result of a m

ore global trade-off .

FlightB
alloon D

iam
Suspended w

eightT
ake offE

nd of flightD
urationR

eason forinterruptionPV
-110 m

18 K
gJanuary 22

ndFebruary 20
th29 daysL

ow
 energy (1)PV

-210 m
18 K

gJanuary 22
ndFebruary 6

th14 daysT
rajectoryPV

-48.5 m
18 K

gJanuary 26thFebruary 3
rd8 daysT

rajectoryPV
-58.5 m

18 K
gFebruary 1

stFebruary 11
th10 daysT

rajectoryPV
-610 m

23 K
gFebruary 4thM

arch 21
st45daysL

ow
 energy (1)PV

-710 m
23 K

gFebruary 5thFebruary 11th6 daysSpurious low
altitude alarm
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M
ain

 co
n

clu
sio

n
s after P

re-V
o

rco
re flig

h
ts :

ÿ
B

allo
o

n
 :

¸
O

ne of the balloon did burst w
hen reaching float altitude

¸
B

ased on leakage rate derived from
 flight param

eters m
easurem

ents :

-
A

ll other balloons w
ere com

pliant w
ith the required gas tightness

for the specified 3 w
eeks duration

-
M

ost of the balloons w
ere com

pliant w
ith the 2 m

onths design
lifetim

e

¸
B

ased on 10 long duration flights, a reliability level higher than 90%
 has

been dem
onstrated

ÿ
L

au
n

ch
 m

ean
s an

d
 p

ro
ced

u
res :

¸
 7 launches in 15 days, launch rate could have been higher if requested,
it w

as actually driven by V
ortex situation and gondola preparation .

¸
S

everal launches w
ere perform

ed under very cold ground conditions (-
30

°C
)



  P
age 20

1/10/02
V

O
R

C
O

R
E

/S
T

R
A

T
E

O
L

E

C
N

E
S

,  D
IV

IS
IO

N
 B

A
LLO

N
S

philippe.cocquerez@
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V
O

R
C

O
R

E
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T
R

A
T

E
O

LE
 w

orkshop
P

aris, S
eptem

ber 16-17, 2002 
Q

U
A

L
IF

IC
A

T
IO

N
 R

E
S

U
L

T
S

ÿ
G

o
n

d
o

la :

¸
O

ne gondola failed after less than the 3 w
eeks specified lifetim

e

-
the failure has been w

ell understood : spurious low
 altitude alarm

caused by extrem
ely low

 tem
perature inside the gondola caused by

long night tim
e period ( 50H

, see com
m

ent p 13)

-
A

lthough such conditions w
ill not be m

et during V
orcore-V

oredge,
the gondola w

ill be m
odified in order to to avoid such a spurious

alarm
.

¸
T

w
o gondolas failed after less than the 2 m

onths design lifetim
e

-
C

aused by a slow
 convergence to 3D

 m
ode on som

e of the G
P

S
receivers

-
F

or V
orcore, the m

anagem
ent strategy of the G

P
S

 receiver w
ill be

m
odified to avoid unnecessary pow

er consum
ption

¸
B

ased on the 9 long duration flights a reliability level higher than 88%
 has

been dem
onstrated
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U
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IC
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T
IO

N
 R

E
S

U
L

T
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D
evelo

p
m

en
t  is n

o
w

 co
m

p
leted

 :

w
S

ystem
 q

u
alificatio

n
 h

as b
een

 ach
ieved

ÿ
U

p
 to

 n
o

w
 system

 reliab
ility is 80%

ÿ
M

in
o

r im
p

ro
vem

en
ts o

f th
e g

o
n

d
o

la w
ill in

crease th
is level

w
F

o
r V

o
rco

re m
o

st o
f th

e b
allo

o
n

s (70%
) sh

o
u

ld
 m

eet

th
e tw

o
 m

o
n

th
s d

esig
n

 lifetim
e
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R
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o

: co
o

p
eratio

n
 w

ith
 N

S
F

ÿ
 W

ell in
sid

e th
e V

o
rtex (78°S

)

ÿ
U

n
iq

u
e lo

g
istic su

p
p

o
rt fo

r early

S
p

rin
g

 cam
p

aig
n
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u
acy fo

r b
allo

o
n

 lau
n

ch
es :

ÿ
C

h
ecked

 w
ith

 N
S

F

ÿ
In

clu
d

ed
 a visit O

ct. 2001
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 IM
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L
E

M
E

N
T

A
T

IO
N

w
L

au
n

ch
 strateg

y :

ÿ
N

o
m

in
ally 20 lau

n
ch

es :

l
10 balloons D

10m

l
4 balloons D

10m
 w

ith

additional payload

T
urbulence

l
6 balloons D

8.5m

ÿ
L

au
n

ch
 w

in
d

o
w

 :

l
10/09/04 - 15/11/04

l
T

entatively all launches

before end of O
ctober
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u
le

ÿ
L

o
g

istics co
n

strain
t fo

r A
n

tarctica w
ill req

u
ire :

l
H

ardw
are shipm

ent by boat during the A
ustral S

um
m

er

2003/2004

¸
M

ust be ready for shipm
ent from

 E
urope in O

ctober 2003

l
T

eam
 transfer to M

cM
urdo late A

ugust 2004,  on “W
infly”

¸
O

nly very lim
ited hardw

are shipm
ent at that tim

e


