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Shape design of zero pressure high altitude balloon and

sensitivity analysis of key parameters
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Abstract; High altitude balloon provides a reliable platform for high altitude scientific experiments. The shape of the balloon is directly related

to the whole process of making and flying. The multiple-shooting method was combined with the sequence of two quadratic programming method ,

and the under-expansion shape and optimum-expansion shape were obtained. In addition, the finite element method was used to analyze the

stability and stress and strain of the sphere to verify the correctness of the derived sphere. On this basis, the sensitivity analysis and related

application of the key parameters affecting the balloon shape were carried out, and the effects of balloon load, flight altitude and temperature

difference between day and night on the balloon shape were obtained quantitatively.

Keywords: near space vehicle; high altitude balloon; balloon shape design; multi-segment target method ; sensitivity analysis

0 23 BRI R B /N T2 S S R A 1
T AT /AT R T A AR 3h A kAT 8%, A
AT R AR B E R O RS B
SCIGA R T AT R 5 . BAT, M2 R
PENAINEZE R INAT 43 Z e SRR 0k, &
FEAFRNCHA HERAE 5 KA, B RSk 5
SRR PR AT LA A T R 2 T A R TE 3 5]
THBR R A HE— 2 BT AR et BIRER
ROME W FRERTE , H BRI RZ R T A RTE
RPN 1782 AR BRE — IR A= Z 5 1)
150 Z4EHL, I B HEAT i RGBS TER AT ST, T
PRI AR B0 Pe 4 7 3% 40 1 BRIE | B KR % g
HARTE IR . L F 1939 4, Upson 42H T
RILTERIMEE  HUE BT 58 5 TP 07 1)
AR BRI 7 A J& [0 7 1 BG4 2, I HLA e

I

« YT EHA2018 —04 — 14

SHABRIZR TR, 20 {4 50 4EAL, BF 5T A B
SR EIRTE 528 SRR R R G M A 7 T 4K
2ERRIR TR ELR i 15 3] — A B B dE e 3h TR
REREESE o 1965 4F, Smalley 3 — 4 i i3
SEHUVEECR A2 T B i AN 58 B 1 B A0
HAERBH P8 T 2brs Y . Z e mEE
B THRRAE H RIS BRI RERE_E DT oG Y, A0 3%
Li 257F 20 fH20 80 4R (CHR B IR ATE " BRIES LU
Jz Yajima ZE4R B = ZERRIE B
FRIEERIE 75 P A & 1] LUK () 0 — 430
e FESR AR D53 b, W B AR ME ) Runge-Kutta
Ik, AR MR R T R T Gill 3577,
Baginski S5 FIFTHL LIS 2 BRIMNE A I8 H Al
FH 22 BT #0395 3R A 350 4 B IR 25 R BRIE Y PT 47
PE o AEICEER L A SCHR s 22 B T S e

EEWE : ER A RRA RSO H (91638301 ) ; b [E A2 e [ B 857 444 %t Bt H (CXJT - 16M206 )
TEE R 5lEw) (1982—) 35 TR MA, BIDEFE 6, ke, AT 2 il yangyanchu@ aoe. ac. en



o514

Waed) , 45 : F He X i a8 SBREROE B+ 5 25Ut 43 ©59-

AT B 0 A5 28 R M KI ( Equality  constrained
Quadratic Programs, EQP) & k454, #Em R f# i 58
ISR RIS T ISR BRI IR

o S IR IR B TR B0 o JE 58 A TR T, AR AE
. fE LT R, i TR BN T8 5
BERS AR R, BRI AR 58 2 9k T, AR 7ERE B 4, 3K
MRS IR ERER IS TR R o . X BREERE
B S R 53 BT V5 B e R AR 56 38 SR 4B H)
Wraemrse ) BRIBBET b e AT —
[T At Smalley 5| AT “ad hoc” fRi% , I\ K58
R T 280 TERBRIEY 5 M1 7 Rl 6 R
G3AT TR BRI IR IR B 1) 5 AR B o 1) 67 28 o =
o, RO 7 TE SR IR B A BRI R
Baginski 25 W DAa] — R K AL 58 2 I K BKOE 5
A I B R A1 2 A2 1 B (B S BRI 23 1 AR Ak
PR F- , BB 40 Tk DR 285 A3 BB % B LA 75 Bk {4
Jor AR AR AS T AR DR AR e, 2 1T 22 W R A %
Z AR R, 15 3] S ERTE TS 20 I BKCIRAS  Bk
i [R] BE 58 A gk T R BRIES . A SCAR R AT
Baginski (40 H 77 1k, 4 3K 1 2% 3 AR O A2 5 Ab
BT I RS T BRI AR AR AT 53T o

1 BRAEKEARESKBERE

1.1 BAMKESLMSTRARS
BRERRE A rH R 20 pum ZEA7 BRI,
JREREIL/ N T ERARUEE A S IO e B e, BT
HESPFAHARSECE LIF 1,9 HBERIR T
AT S0 AP 1 iR, o B CAsORAE B

x1 HEXSHEX

Tab.1 Definition of related parameters

(i) EY
Tt > T2 BREAL [ 1 S
7. BRI v b 7
r B
z T 1w ) v
a ABRE e e
o Bk ER AL
HhL Il 2 [ Y 2 £
URLE B R T R
§ BRI
A AEREFMR
v SIRIER
w i i
L BRI
b AP BARAS R R PR I

by FE R MARE TR BRI T T
P WINEZZ L P =by(z+a))

P=b(z+a)

e ,
e . ’ o N
rd P ’
e ? . '
/ , ;
/ ’
/ . '
’ '
I’ \
’ L
K h
1

7 \\
/\___
\
N \

Bl 1 SEREREER T
Fig.1 Balloon film unit

H o] 543 52 J0 R e R

&+$=P+wsin6 (1)

A I
. _ _[1+(dr/olz)2:|3/2 T dr
A= d*r/d7 T2 = cos®° ds

1 Q— g_ @_ av. _ 2
sm@,ds —cosﬁ,dz =tand, ds =2xr, 5 = 71’ cosf,
BHARAR (1) HAL 52,

ro, %+0‘00080:P+w5in0 (2)

FERIAT B B3 T L T =27, , 7E5R
K7y gt d (2mre,,) /ds 5 J8 18] )i 3 76 9K
KI5 iy i AR I E A AE I (3) Frn K &

d(2
% =270, sinf + 2mrwcosd (3)
= (3) 15
d
% =g _sinf + rwcosf (4)
s

BRIESHE A AL 3 e L= (5) frm, A Y
PR TARIKNE L S AT (PE by i) Xk
A AR

L
r=(5,)
Y = (2q-r) <1/3>b(:)/\

HARIE IR E MmN S o, =0, DL B
LA IRIE o R4 . FF (A Simulink $45 7
P EFET, i 2 FoR .

1.2 BREAERAHEKRRE

X5 A BRI K, IR AR 46 #f 3R
KO,HBHFFEM =2 =0,r, =0,r,.2, HFIK
TERAEAR R B r, HRIRTUG RS s — AT

173

(5)




$ 60 - e AN o 4

41

dg/ds e
oJfus |—1 d2/ds
S | A 1
RE—RR# 3+
o dm/ds

h fen
(:}F%ﬁ&ﬁ

]

K2 Simulink 54 &
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Tab.2 Requirements for balloon design
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Tab.3 Calculation results of some parameters
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Tab.4  Comparison of calculation results
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