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Abstract Aiming at the design and analysis of stratospheric airship rigid and flexible integrated large
complex structure system, this paper carried out the simulation analysis of dynamic characteristics of
airship envelope material with concentrated mass. The structural parts with high stiffness and relatively
concentrated mass are simplified as concentrated mass. The airship envelope is simplified as a biaxially
stretched cross envelope material sample. Firstly, the influences of the number of open arm slits on the
stress transfer uniformity in the central region of the cross envelop material sample are analyzed. Then
the influences of pretension, mass and concentrated mass of the size on the natural frequency of cross
film material sample are analyzed. The influence of the mass and concentrated mass of the size on the
natural frequency of the airship capsule is also reflected. The results show that the uniformity of stress

transfer in the central region of the cross envelop material sample is better with the increase of the num-
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ber of arm slits. When the number of arm slits is 3, the proportional coefficient of stress transfer unifor-

mity is 0.943. In addition, the natural frequency of the sample increases with the pretension increase, de-

creases with the mass of the concentrated mass increase, and increases with the side length of the con-

nection between the concentrated mass and the sample increase. The fundamental frequency of the sam-

ple is independent of the height of the concentrated mass, but the second and third order frequencies de-

crease with the height of the concentrated mass increase. The second and third order frequencies are sig-

nificantly more affected by various physical quantities than the first order. Under the condition of the

same pretension and mass, the influence of the height of the concentrated mass on the second and third

order frequencies of the cross envelop sample is higher than that of the side length. The research results

provide a theoretical basis for the overall design and analysis of airship structure and the further dynam-

ic experiments of airship envelope materials with concentrated mass.

Key words

0 5%

SR M B s R | 0 R L A
P AR MR | S A v 4k S AT L AT T R PR AT
SO e tbh R A F RS MR, ECRER AT g
S A s, R 2 A W
B2 B R A X A P A T S e T
1 X AR A 1 3 25 M B R 2R S0 T i ek i
BT IAE. B, TR N R, £
ZER BT AETR ST AL K | B, X
BB 1 2P S TR LA TR 3L

AT B O R ) 2 PERE RO T 9T R B4R thfE R
MR TR R AN R LS B, R
BETRAZ 3K T, RPHEOBDRLIEA T TR T 8 H ™ A= A
ORI, FHRIRHTAN R T. R AE S A 75 5
IR FH T 432 3] S B A7 (0 PR P, BRI By
PRI AE 57 148 I B B i 17 g A A O 3 ELAR
i 5 5 32 PR S I A 7 IR, 220 2235 AR 1
{1 25 K S A A1 R AR AR 16 BRI AR O S0, S TR
BRIl DA AN E 2N N S DS EaA )
F3R/NZ A 211, BRI o 4 Ak b4 Ak 7 RS ] H 481
(2:1) SURFLHOIRES T B9 722 P REHEA TS 76 XUl
R AR5 AR M, SR IR AT
G 3F Bt R R PR e il
T BRRE O XN 145 TN A), TN LS M
BT 2 CAETE IR 3 TARIRZS R 30 bh Rl 2 51
JE H 5 ST BRI 2 e R, A5 39 B XL R Ak
5. Peng Z Bl ARSI EEr, W HFIARRE PO I

Stratospheric airship, Envelope material sample, Concentrated mass, Dynamic characteristic

DX RN T3 0 A3 32 SIVEEA TR ST, EBEA X Hpls DXz
1 S PEEAT IR SE. Wang 2609 J3 47 T 45 B
SR A [RHEAR B R i e e+ XU iz Ak
RELS R PRBN R RN, 252 s BN B R R AR
XHAREIR BN PE AR M AR N, 7E A 1Y SCHR R, Bz
TEANR A HZRAET, S i S iRk
AR R BE R RHIURE Bl g A R R i ) T
G, XA G TR Y AR BB R Bl 1 2R i
BRIEAL, 2T Rt — 2 BT
AR SORE 8 A AR A S U] B A B - B AR
FORHECRE, e MIRE R | o AR X 4 Hh ) 25 4 2 3 1
P B, 7 WA 4R b BRI AR
TR BROTRETY, JF M Bk 1 R/D, i rp o (9 o
RGP PR A R AR R s, it
7T A5 21 445 g 5 3 A1 J i A R0 R 8 A [ A 91
IR, o CRESSH ) BB R S e S {1t
HT.

I e SI2 2L vy SR A ]
A R

XX R AR R IR ZE R TR AR IR R AR R
RFEREA TR T, IE o 48 S B00 T IR AR M R}
TR DXBN ) A5 3 X5 S PR R 5
1.1 +FREES BRI

PEARDRME R 226 m T ARIBORE, 505 3 1A bR
M2 — 3. M5 ST e 8l g 52 5 i 8L R AR AT
St B REAAZ O XA 160 mmx 160 mm, B8



348

KK 160 mm, JEEE K 0.2 mm, 8 18 =855
B T IR R ARM RARE, B AR N 120 mm, B
ZETEE N 1 mm.

1.2 +FREEVENERRIT O

PR BHARE 5 T2 BRI AT R TR], T
W R 150 gm °, BPERR N 1.2x10" Pa, IAHA
4 0.3.

X HR F A9 SHELL181 B0 5 FH 3 if A sl ith
TR, S HIC R 4 735 f s, AR 6 M E M,
6 Ttk Kl fR N AR AR LM AT, I Hix
JUAL T RN AR 1Y 58 A AR L MR RE . S 1 A ) I
BEAL AR AN S], A F BRI RS 3 RO A B i
B WA K/NR 1 mm, HFITER 120740, 1 SR
122904.

T IR 4 Ao S, FEAR SRR [ S
Uiy he B win 28 2 PR DA I 3R o R A
Hih F %R

w(ac, y)|z:—240,240 mm, y=0 = 0,
W(T,Y)|y=—240,240 mm, 2=0 = 0. (1)

FE 2 Fly 77 ) 43 0] (W)t o/ INAR ] 8 $ 5K 77
itk 725 Lhagias 5 B 0T 203450 43 A 70 0B [ 520,
BE BT ST AR AZ O XN ) oy B R /INVEE T X
i :

0'1:?. (2)

Horp, FRTGKTT, ¢ AR R AR

v (Warp)
Arm slit
R
x (Wett)
160 160 N 160
480 mm

(SIS SO E YL o e 172 JUN Ay S nv e
Fig. 1  Three evenly distributed arm slit cross

envelop material sample

Chin. J. Space Sci. =RAFFIR 2024, 44(2)

DT F1 K /1N 2000 Nom ' K9], 4 5L 44 Rt
fnggam il 2 s, MAE (2) Al e KBRS 1
J1o IR K 1107 Pa.

3 IR BE Y 51 o A R EE SR 0~5 45T
FICARFEHATA BRI T, A T LLgs W m B, #%
B REF 0 80 mm x 80 mm X I A 2544 1 ) 2 &l iF
THeEE, 3 43500 0~5 2558 4 2K v X Jel 45
B = .

R T B R R [ 57 a7 2 (B ) 35T M A ik 5]
TG X, SIA B RS g, HACEFRA N

02

q= 0—1- (3)
ot oo SRy el X8 BRIT 40 745 2 A9 - 24 7 1A,
GIEBREZE T 1, Ud B[] 2 o 1) T 5K 07 4538 35 5 A%
AR AT ARV A ST IR B TR 1, B
1 ATLUE Y, B 2 5003, o B3 it 1;
BEEE 5800 3 I oMK T 0.94, BEH S804, of
(R HERAR /DN, 25 R 3R [ S o R RS, P 48K
ANHKZ, It BEUE 25508 3.

2 MHASET R RER R
Bl T4

i L ST WA A v B A R AT FROT AR
B, SEATEN SIS T, 3BTk F R/ N S B
BT At | 20K oG JEE o S (A Rt [ A A ) S

Displacement
[BJ Line pressure 2:2000 N-m™'
@ Line pressure 3:2000 N-m'
B Line pressure 4:2000 N-m '
Displacement

B Line pressure: 2000 N-m™

K2 e SR At i 2 7 11
Fig. 2 Schematic diagram of sample boundary

conditions and loads



AZSEI 0 WA KPR 0 AR A A

Stress / MPa

7.8709 max
7.8490
7.8270
7.8051
7.7832
7.7613
7.7394
7.7174
7.6955
7.6736 min

(a)
(©)
9.2636 max
9.2549
9.2462
9.2375
9.2288
9.2202
9.2115
9.2028
9.1941
9.1854 min
(e)

9.5724 max
9.5691
9.5658
9.5626
9.5593
9.5560
9.5528
9.5495
9.5462
9.5430 min

349

Stress / MPa (b)

8.9655 max
8.9303
8.8950
8.8597
8.8245
8.7892
8.7539
8.7187
8.6834
8.6482 min

(d)
9.4420 max
9.4394
9.4368
9.4343
9.4317
9.4292
9.4266
9.4240
9.4215
9.4189 min

9.6469 max
9.6454
9.6439
9.6424
9.6409
9.6394
9.6379
9.6365
9.6350
9.6335 min

Il e S GRNNESE R SPA PNES

Fig. 3

Equivalent stress nephogram of the central region with different number of arm slits
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