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Simulation of a new static balloon-launching system
By

Naoki Izutsu and Nobuyuki Yanma

Abstract: Several static balloon-launching procedures were numerically
analyzed. A balloon and suspension are divided into small segments with mass
and elasticity. They are influenced with drag force by motion and wind
condition. Simultaneous differential equations of motion were integrated nu-
merically. In the balloon ascent process from spool release to vertical position,
a head wind follows a smooth ascent without shocks. A new static balloon-
launching procedure is proposed. A payload is intially suspended from a cart
on a inclined rail held on a launcher vehicle. Then, it begins to go up by free
lift along the rail and is released at the end of the rail. The vehicle does not
move during the launch, however the rail direction can be changed with wind
condition. This method has the same effect as standard dynamic launching
way. The results show the smooth launching with samll acceleration of the
payload in the wide range of wind conditions.
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-3 3.54
-2 3.54
-1 3.54
0 0.00 0.00 3.54
1 0.-00 0.74 3.54
2 0.00 2.95 2.95 3.54
3 0.00 6. 64 6. 61 3.54
4 0.00 0.01 11.78 11.68 3.54
5 0.00 0.01 17.32 17.16 3.54
6 0.00 0. 01 17.32 17.25 3.54
7 0.00 0.02 3.65 11.62] 17.32 17.48 3.54
8 0.00 0.03 2.94 15.97) 17.32 11.72 3.54
9 0.00 0.03 2.56 20.38] 17.32 18.69 3.54
10 0.00 0.04 2.30 46.41| 17.32 23.43 3.54 53.08 58.36
11 3.54 25.94 61.50
12 3.54 22.09 65 43
5 Ty RIOMIEY - BEEE - HEHZ - FEERER S (m)  #997)1389kg
AiE | R=eTTLT,DORE TTEIFH S DK HAET 1 v Y KK
m/s) |1emy | meee | mie |mawes |y | me | s | mae | mps | me | mapns
-3 3.54
-2 3.54
-1 3.54
0 0. 00 0.00 3.54
1 0.-00 0.52 0.54 3.54
2 0.00 2.14 2.14 3.54
3 0.00 4. 83 4.78 3.54
4 0.00 8.58 8.47 3.54
5 0. 00 0. 01 13.36 13.18 3.54
6 0.00 0.01 17.32 17.11 3.54
7 0.00 0.0t 17.32 17.22 3.54
8 0.00 0.02 6.73 8.35] 17.32 17.35 3.54
9 0.00 0.02 4.72 16.53] 17.32 17.53 3.54
10 0.00 0.03 3.88 21.471 17.32 17.84 3.54
11 3.54
12 3.54
13 3.54 34.70 68.81
14 3.54 28.67 68.60
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3. 3 MEBORKERHABLTITL FIOIEE

B16i%. RERDH T — Bl hh bR . BART . BLUSORHOTHED L EEROBRR TN ENER
487kg, 826kg, 1389kgDIFHEIIDOVTRLTV15, #iF/1826kgDH5. VLT LTS ORI TIIRRE IO 2 542
BEDRRDDA L B05, BRI TLThLOREk, HAY T4 v 7 K TIRRKENIZARF I EREETH L, T2
T EFER, YT hEIFHRERE QEGE 6 m/sHURARTH A, THIIRLT, AT 1 v 7HEKRTIE I m, s CHERTT
HETHDH, CORFEML, BFDIVNSLCRDIIONTIEL RN BIFNPREL LD EREL D, #iF)1487kg
Tk, VT O0RERTIRBFHIOLSEREDOERIAIEL S, BAEDORFHEIZ, 7T RIFREkE e T RIFRK
KTl Adm,/ s, FAY T4y ZHREKTIZ Tm,/ skib, #iFH138%kgTid, 7T ETDHDOMERTIIEFED D2.24%
PLEDSEIH A LS, BOROBFEIL, 7T LIFHERE 2 T LIFRERCIZEnen Tm, s, 8m, /s, A7 1 v
TRERCIX12m, sk b,

#sisé}z 1389kg

fm?ﬁ 4a7kg feﬂ/} 826kg

T P 40000 L
b r mm: :li\i mmt 1 % mnﬁ ﬂﬂi aom 8
10000} ] 200001~ £& 4 b ﬁ s 2 ]
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L C E 20000 g
souf ] ool e :
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C ! L L L | Cov e L ] ol AJJJ_A_n_A_J__n_L_L_A_L_.L_J.J_Aj

: Rl 1 M P 1 ¢ Rigs

16 WERFEOBEERE T %Ok ) & DR £R
&;ﬁlﬁ 4B7kg %ﬁj} 826kg $21777 1389kg

g%zs _ g%%s
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L
gy
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i xd
ow

1
T

T S SN TR TN SN NN S S S {
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b 4 1
'Lc/ g L L |
L 4 + 1 L J
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0 0 ] 5 10 0
B (m/s) Rk (mys) R (m/s)

kG

L

K17 WERE:O T FoOBAInEE

BI17id, BEREED T BT DOFRANEE 5 BFHAENFN48Tkg, 826kg, 1389kgDIB AT DWVTRLTW S
FIFIIDI826kg DA, AT AL, LT EIPHERTOTY FSOBKIEESH2.1GTH DI LTS
SETEIFHIRTIZIF0.2G, FIAS T4 v 7 MERTIXE BINE L b, BIFNIVNS VI SIIIEEIZ AKX AD
BIFNDPRECHEIINEEIINEL %S, TRTOHERIIR6IZTEDOTH S,
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#6 BEKEBOITY FSORKMBE(G)

BiF ) 487kg 4Fh 826ke iFH138%g
A | xew |2 | ATk | XS | %8y | 2T | I TE | HRF ey | ke | LTE | HFRE
m/s) | Fi@iz | Etxek | oFiek | F49o | biBiE | bieek | iRk | Taoy | EBEE ERER | LR | 79D

-6

-5

-4

-3 0.730 0.190 0.120

-2 0.270 0. 130 0. 100

-1 0.210 0. 130 0. 090
0 0.250 2,330 0.180 0.190 2.150 0. 120, 0.160 1.960 _ 0.100
1 0.260 2.290 0.190 0.190 2.060  0.120 0. 160 1.860 0. 100]
2 0.270 2.330  0.240 0.190 2.130 0.150 0.160 1.750 0.120
3 0.340 2.310  0.330 0.220 2.120 0.190 0.180 1.810 0.150
4 0.450 2.330 0.450 0.260 2.100 0.260 0.200 1.720 0.190
5 X X 0. 600! 0.360 2.200 0.330 0.250 1.820 0. 240
6 0. 780 0.480 2:040  0.430 0.320 1.770  0.300
1 1. 000 X X 0. 540 0.420 1.770 0.370
8 X 0. 670, X 1.650  0.450
9 0.810 X 0. 540

10 X 0. 650

1 0. 760

12 0. 890!

13 X

4. HHYI(C
PR &GO LT, B FiP T — 5 =12 & 2 REROSE A T EITRHIBERIC A 2 BRR I, BE 5 ms
TERIFHOLMEUNTH S, S50, FPVETIEETF IO LIFELNERD | EAMTEITERL LD LDSMIIR
CHAY T4y 2 BEREIRBUC T 2RO E (L BERIEE IR S TRbN S, T, BERKIO T T
0)?1 e IERLT /NS (L BERUREER AW AT O BERIC IR 20, A RO EITE T VAT 2 R TTAHRT
5D L ICHIAER L DD T, S5ICEKNEET N E A LEETOFELIMRED TN FETH S,

SE ik
(7] FLELE. PEATHE. FEERER) . SeAGHZR. MBRE. SAUELF | S hiPREkE:, FHBHERT AT
RS 45, 1982, 3—16.
(2] FKLELJG. FIERER. MRS, WAMHE, mBGELF, TR 58 A C LIRS, BHAI624F KA SR
S URI YA, 1987, 12—14.,
(3] PR - GOERICRERCBIEHC D 5 HBICOWT, FHEAAIIERT . FHRE225 . 1988, 15—26.
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