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Research on morphological analysis method of long-span

inflatable membrane structures
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Abstract: In order to solve the accurate morphology of large-span inflatable membrane structures, a morphological
analysis method is proposed. The analysis process is to construct the initial shape, assume the initial state,
iteratively solve the prestress and deformation, change the initial shape by reverse displacement, and then
iteratively calculate the inverse displacement shape to obtain the equilibrium shape. Taking an inflatable membrane
structure as an example, the minimum von Mises stress is 0. 723X 10° N/mm®, and the maximum von Mises stress
is 13.4X10° N/mm®. The results show that the maximum deformation §,,, is 0. 014 5 m, the average deformation
18 0. 002 11 m, and the deformation mean square error is 0. 001 68 m. The calculation accuracy meets the

requirement. Finally, an engineering application of large span inflatable membrane structure is introduced.

Key words: long-span; Inflatable membrane structures; morphological analysis; form-finding; force-finding

FEAMELE N R SRR LA R
FoohJifl . WREMR R GENF A, TERYIE . AE %,
TIRE ., WA, MR KATEs. TRER. Ll
itk 54 R g e AR B R T, iR e T
HEWOR B PR OR 2R, AR 2 78 UM 3 bR 37 1 4k
A, GG AT Ty R BBk, K. H#ED
S, I R i A AR AR IR, SR FEANK L B
AHMEARIN | 23 18] TR 85 A4 A

T 2553 M7 R 56 UM 25 4 BE i 5 23 BT i) B SO0
P&, ARIE MRS PR WA, R & E T
FEAEJTE)TZ N M T AR 4 p, L4
SR R = e B A iR g ik RS

Wi HE: 2020-10-26

E¥fBEE: 2021-05-08

W IRIE S BT 20 LLSE 7 0 i TR A WE TSR &R, R B
SRR AL ik, S o A W R T Ok B %
ifﬁl‘[&lo] .

SE PR AR R Y K 5 B T B & 4 3 D AR SR
Sy TRL, TGk e LU A AT AR RS T R E e
RS G IR [F) S5 B, SR /N o1 A5 B 7 M DA
EAIBEEEY N Y NG S o eI B AW s g | B
Tk R0 0 36 7R R B, H Bk = B R 4 4T Y
ek

LB E TR S i,
ORI BB AT TR =5
Bk, g S

Agife i —
ZIDSELE ST

EETH : THAREDTT T R6 B H (BK20191290) 5 H S i A S AR BHIFll 55 9% % T 9% 42 95 B BT H (30920021143)
FE—1EF . %1986 —), B, BiL, WEIEIN, EENFBELERFEEWERPIR T Email: liyui3@163. com



5 3 39

BHTE, A KIS B TR LML S T 7 R 345

1 RRERESHELR

FEAUNRGE ) 38 3 A A FE 2 45 T 1) S0P 5k
I RCTRL F3, AT 7= A 25 A W) 8 SR 1K AR A T,
FEAMERT 32 W) B J7 . gk T R AN ) 17 7R 6 R 56
Z, ] p O A B O e S AR AT O R A Rl
AU AZ AN 22 4 M T 32 T Bz A2 dk, R BLIB AR
518 64 LA HE A A AE
1.1 fBHA=E

WETT A SR A, RAIER Rk, KRB
ANREAR  TEHTES W EE RIS RE AR 32 R T R

R A5 9 T R B 3wl R

L, T

P==-+ (1)
I8t o

K. PRHPERES; T, T, ARG S5 r.
ro WA RN 7 ] 1) i 2R

R4 I e v 5 B, e A e AR R R ) 5 T AR
s/ . N JUART f BE ok, BT it 2 A 4k
Sl sk S35 4k, m &I B A % N ) 8UA 5 R
TIH ) GG TE A5 il T

e ST HR R Al 2 ) iy TR ) B A

K =X X2, (2)

K, AL A HEME.

(1) K=>0 i), Skt 2 ihm, ek,

(2)2 K<<0 W, i rh = ihim,
Hi T .

(3)4 K=0 i, HZEmlrihZdhm,
FE T

(c) [EIAF T
El1 SHrshZEimE

Fig. 1 Gaussian curvature surface

TERAE N 7 50 E T, SERIEZ B K 1 AR
2T kA B Sk T AR 2 (D) e =l 4

XA T
_ 5P @ B
<= s (T @)

AH: T HBERFIR T 20 vy 2 B EBFR; a.
b M TR K i 7 K
L= f B, 2=y=0,
_32P(d’ ) f

T — (4)
5a°b°
K, [T,
Xt 152 1 1
R 5)
r . d-
"+

X r BRABEIE R, d hERIEIRE
i,

o AT TR o 18
P__opf (8)

T = ,
. d
(f+4)

1.2 FLMARTE

SEBR AR Y T84 A L T 43 A AR AR AN
¥ow, EEEARTCERNEATERR HE
4 T B BT N .

FETEEE ) ) ~F- 15 7 A ] Rk

[K]{AU} = (P} — {F| (7)
Aof, [KTL {AU (PEL TF 20 50 G W EE R
e SAIRRRERE . AU AR B ST RT3 &
ST R T 1)

R AW — R AR & ROT R X AR (7) TT A
BEAT SR AR AR B 5 BT BR TC TR 2573 A B0 N 25

XTI T A PR AR AT i TR LU SR R
I, TR0 H 8 R AN st ik . NP T A1)
URRAE AR, 0 47 AR T 408, h T B 5k
THE . T 5 T T AR —— X L.

— A P AR AT TR A AE SR D TR, R
FANEE R Ty B -7 o TG, o A 5K B B b TR
ARBIABUIN HAfE DL B #2800, S5 - AL
GSEE ARTPFHERRAEES RELSHE
EB IR TE” F R HR AR A AF TSR fEE i H
PRIEZS. BEI, SR /MR 53 A7 3R 20 B4 i T T AR
MR T 46 B b T B, TR CE B0 R B 3
FAEDRZE, BOHE R S B o Ik A B 1 B3 SCAR A i
S, WEEERS RN IR AR WSO, e
oy S B AR AR R R AR B 2P R 2



346 [N S A S s PN

¥ RERPHEM) 553 %

2 WESWHIE

SE b RE B ) 78 AN 25 4 2SR N R oK 23 )
H#ERMERE, 2 AN ITHmE, KA %N T
T B T 2R 54T 7 i B ELAT SRR 1.

KA FERELERIES i 2 HamE 2
FRR.

A 7 TR 2
ET R A B EE
ELE S A RAR TS ) ST

160 i S L 5 BT T

FRGEACRIR TR /) ] A2 T

RPN HY A

B2 BESHREE
Fig. 2 Flow chart of morphological analysis
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Fig. 7 Von mises stress after inverse deformation iteration
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Fig. 8 Morphological comparison before and after inverse deformation
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Tab. 1 Surface error of initial configuration

BRI Suux/m SFHEIE 1/m ABTEIT5 % 6/m

UX 1. 476 0. 000 95 0.218
Uy 1. 328 0. 000 6 0.148
Uz 1. 247 0.179 0. 28
USUM 1. 686 0. 294 0. 306
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Tab. 2 Surface error of equilibrium configuration

BRI S /m PRI /m ARIEETTZE o/m

UX 0. 005 41 0. 000 12 0. 000 89
uy 0. 005 74 0. 000 9 0. 000 90
Uz 0. 009 52 0. 001 64 0.001 71
USUM 0.014 5 0.002 11 0. 001 68
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