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Deflection of Orthotropic Rectangular Membrane under

Uniform Pressure

by

Nobuo Ocui & Masuji UEMURA

Abstract : The mechanical problein of membrane is purely nonlinear since the
flexural and compressive rigidities of a membrane are riegligible and the normal
component of membrane tension due to curvature is a governing factor, different from
the plate problem. Deflection patterns observed experimentally are quite different from
those of a thin plate analyzed by using a few of trigoncmetrical functions in energry . -
methods such as Galerkin and Ritz methods. Accordingly, two finite difference ;
methods are used to estimate the deformations in a basic orthotropic membrane in
which the principal directions of elastictiy are arbitrarily oblique to the rectangular
edges with the ultimate purpose of applyim the procodure to general memnibrane
structures with arbitrary shapes, pressure distributions and boundary conditions in
future. The numerical solutions obtained by the nonlinear relaxation-iteration
technique for solving nonlinear, simultaneous, partial differential equations iuvolving
three displacement components converged well. The numerically determined deflection
patterns and nonlinear relations between the pressure iand the central deflection

agreed with the experimental results.

#® L3

RSO BN OERLE LT, T EREERERFERESE—TED
%50 BEAOHENBETIC OV T HEOMT & KRETE, AELZLERNT 2. K
MR ZA LIS 700, fEROEROAES ERMEEE 3D, BN
BEED A HKE T 2 FRIE TR G HEROMIICRE S 5. EREO Bk
—fRANICILIIC LTRRZ LT 2 b0 ET 588, FRTHS WRLRRE, ROz
FVFBIC K BENBRBRTOBETREL TV A RE L@ LIRS, ZCTAXT
REROMILR, EHAH, BAREOBAICOBATE 2EMELEAT 5. OB
| CBABMICET 5 ISR UHS FERICKERE L EERT R, 8BRS

¥ EEREHERRNRRER

This document is provided by JAXA.



356 RAKRFT B BT FL0% B35 (A)

ICBY 2 B IR BRI ERAEMEE BAT 3 FEERA R, $BICk 250E
APURIED R <, ERTEON B BRIEAWHE EHES O FRWBEE R < BT
BLENTEBCEERT.

L % 2 # %

F v YNRILEHRIEA R A O 2% (Membrane Structure) Tit, EMIZBIESD
BTHEE SOBRER S, POLEAREMEHEDAIL L > TEBIC Lo bEENICHER
BLEMTEBET, SHFLOEELE LTHIARTU>o55,. BEERIANLTIS0
R, ThbB ’

(1) BEEEEMECOBENE52TERL, 7Y 2lE (EHEOR) 7560
2RI EBZ EICED W ZE 42 ik T 2 BB ER % (Suspension Structure) &,

(2) BECHESEMA, WAENSZICX ZEANELETBRC X 3 BEHON &8

BDE, AU AMEASEOHMEERME T, WHEMAEHNT 5 2%l (Preumatic
Structure)
AT ENB. BHEOREE LTI, KZMMEOTHE, BEM, % - H - 5o
BES, BROEBHEZEBBET O, ~E )4 Y - B - REEEYE LTHET 32, #
TEFH A T O MR - MROAMOBME, L—F— F— A, SR SR L b, FH
EMOBEY~OBB OS2, FREKA S VEBEP LR THRAR—Z « 2 b5/ F 4 &
LTORENHEINSG. ’

BRI Ui & 5 ICEEN O & TR EHEDHS, T I EH & fhd o L R
FEEN. AT, f{ﬁ%fo\%ﬁ!é@ﬂ%/f%k@ﬁ? HIRE 233" 2104E D, BRbRANLE
& UTHRRFREREEEET D 1, A, BRI & 285 L —aT
E@mwa%éwﬁim%@comfﬁu,ﬁﬁkﬁﬁwm%gaﬁa.

BHETE, EAWERBEEMEC L 2 MEDOEBERS & XA, B e LTRIERE
EAKRMREEE T 2 REAREICRE SN BH, REROH, It EEplE s 2R D,
FMUESHEE TRV AIEETHY, BIFEREIC LTV 5. ik [1], #ik
5 (2] RT FURIEIC & » CRE BRI EE AT Lo hs, B W07 ft k0 M i M O RER I
ETOTAMULUIIYD, EBROEEREZER L TORWEL NS -7, 2 TAXTIRES
WA ZR U b, ERBBR, TEAEST, EEERel, TE0RFEFHOBRA
LI TE BMIETH 5 C EABNL, HAEICK 3 IERBMIFLRS, RO 3 LE
BRIC & B T L DRY: & g 2 & 61T, WRIEIC X ATEEER O AR, AEhE
BRESREE B BT BT EERT.

2 ® i

M1ICRT &5 CE—AHNE £ 220 2 BIEEOBERRFHIEL FHE (2ax2b) %

EZ, WS XY ) QEEH v ) & 0 OMEENTLOLT . FRHED

HEREIK X 20#EL % wo, AFICL2EA%E w &L, BIERECEXTUMN VLD L#E
Z5.

This document is provided by JAXA.



19744 7 A BRI PEROTEC : 2 BHHE - 357

y(v)

X

- x(u)

— X, U

1

4

1 B—hEEE 50 2 ERES BRI

2.1 E@LLIBERR ‘
AT IC S TR T, j:%éfé}ﬁ@%ﬁac; > TRDFEAXTHEI NS, -
(1) T|EEMODOEEHKA
ez=u, z+(1/2)(w, z*+ 2w, zw, z)
er=", y+(1/2)(w, *+2ws, y10, 1) (1)
Tay=U, y+ 0, 2+ W, z2W, y+ Wo, 2W, y + Wo, yW, z
CCT €z, &y T2y BENERS, % v, w X 2,9, 2 FADOENRKITHS. BARSTD
BE 2, Y Rz, y iKY ARESEEDT.
(2) FEHENX o _
(6T¢/5x)+(6Txy/6y)=0 } (2)
(0T zy/0x)+ (0T y/0y)=0
T2(w, 2z +Wo, z2)+ 2T 2y (W, zy+ Wo, zy)+ Ty(w, yy+wo, yy)+ =0  (3)
CZT Te, Ty, Tzy ZHEAIEYS O ODEEANHDRDTH 5.
(3) BLEAIRS & OBKR | |
T:_c air aiz a 2 .
{Tszt [51/} (4)
T2y Tzy A '

aiz Az, a3

a3 azz ass

€z . Cu Ci2 Cus T.‘c. . -
Ey = (—1—) C12 sz' Czs Ty ( 5 )
T2y Ciz Caz C33 ) | Tzy .

CZTtRER, a; BLU Cii BENFhEREFEBERE I3V FS5314 7 ‘/iﬁe
BThs BEBRIERBRIFUBEOFEEHFWMOY v 7/ #¥ Ex, Ev, SRR Gxy, BT
VY VH ovx, oy BLU ' '

This document is provided by JAXA.



358 RARFEFHER S F10% 35 (A)

l=cos 0, m=sin 0 (6)
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K = pa/(Ext) (30)
E=xla, np=yl/b, A=bla
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290 = (1/32) sin TE[1— (vy/A2) +cos 7]
70 = (1/322) sin Tp[ 1 — A2vx-+cos TE] - (31)
@ =cos & cos TY

i) Wit a 9 IKBRRTARENDT, $7 21 Koz T EEFBEXPOHRETEC LI
L, 20t &3 u, v REEGT—EEL L, w 0AOMEKERLT. (21) ROALDF% Re-
sidual operator R;; TE#Z , Rii OEAFRFIC/NX LT3 wij @{‘é‘% (i, 7) BT ETDR
P L5 5.

i) 2hicid 0Ri/0w:; #EHE L, Rij #1535 FET B wi; DEER dwi; 2R
T52%. ‘ » '

dwi;=—oR;;/(0R:;/0w:;) | (32)
T o BINEARY 27250 overrelaxation factor Ty, 1<o<2 OfEx & 3.
w)wu@%(MJ)&ﬂMEYWﬁ“’i'%k&ﬁMﬁlwﬂ’%ﬁﬁTWEﬁéc&
cEvBons.
wi =10, 4w (33)
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F Lm0 Ex b, BIREOR AT MORHKE HEHEREICGE N O L, HiEOH0
R OB L PRI TEA DAY BRERT 5 C L HHHINTS 3.

1 BT 0=45 DBADBASHRNER 9 ICRY.

(4) thoels~E NI |

B ETORKES we LEN p & OFHBEEE, EAVE 0=0° 0BA), Hk
B (0=145 OHA) KOV TENZNE 10, BILIRY. Kik p~we BEAT 557
3 MBI FERIE AR T

4. HERRLIEBRERLOLRIGEH

HITAC 5020 T 3HEHIC & 2 30 ME 3 BERE 35 & T O MM BN T 0 B ERBESR &
DOHEBBREEZTIED. '

41 & & R T

(1) EFHEE (=0 ofa)

¥iEEE & LT3 Galerkin 3, Ritz 3Eic X BT RB L OESE N.R M) itk 3¥
A ERREZR T ICENENERE, SR, ERTRT. =X vFE kB BABTKRTFH=
ﬁaﬁwzf%nfiob X, Y M s moEEOMERREL, ERTEONHRER ERE

LA LI, —FEHE N.RM) ck3@TiE, BEORE, v FRERE, REoR
W HHERCH LEDIREEELD, EBREREBAKT 5. RELOBERAL :IIEE%B%%C
BOTHKRICEHETH 5.

(2) HERE (0=45° OBH)

Ritz Jic L 2B EEB LUESE NRM) itk 2HEH EHRENBICZNENA
o EETRT. ERERICKZE, BE OBV IARFROBERKKLEICENOICH
L, BlEOB K ARFHORER I hRFcELASAHT IRESRONS. Riz ZETR 2
FEELTWVEY, T THEREERELZOICKL, E4H (N.RM) <X 38T EEBE
LEC—KLTING., TAVFETOEARFOSLFREETTIINIZE LB,

M9 0EAEEBRICONT S ESE N.RM) it L2813, RitzElD bEPICRIE
BREEABKLTVAS. ‘

4.2 hREDEHS w. ~EEH p OBK .

HRBIC LD L, THES w OBVLBAKIE pocwd OERBRILT 5.

(1) EHEE (0=0 OEA)

Galerkin 7, Ritz #Eic X 3BTRS L UESEICL A REFERBREZ TN THER, A
B, ERTRI0ITRT. ZoE N.RM) Kk3 p~we O 3RMMOHHBEBRE LR —
B 2h, MOFECLZBIVTN S PRPERES we BAEBAES. 25K N.RM)
KEBHEFERS pa/Ext>2X1073 0135 &, EREDOHH we BREVH, ChiZERA
B A IR 2 8 U CIERRBIMEMEHIRICA 2 6 E BN 5.

(2) 4HEE (0=0~90° DHA)

EREDES, a, Ex 22— LTEZ 3L, TARY bk bla OFL, Ev/Ex DX
Litic wela B BAARLT S, Ritz i X 2R IR 10 ERARIC we DEIZER
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BEOKREL NS, 2 TR icizESE NRM) L 23EEROAERL, EBE
ZHBRUTRY. COBAES pa/Ext>2X107° <152, HEREOHBHEMEIDKEL
55, ,
FHAFHARE 0 OB O T, HEMTIR O H 90°, 67.5°, 45°, 0°, 22.5° DJEIC we
BREND, ERETIZ A5 & 0° LOJERLSETH PN RFHEBEAK LTS, L
UZ ORNS, Ev/Ex, bla, ¥IAEEA IS EICRET 2O T—HRIICGRNS C L3 TS,

5. ¢ 7 U

(1) BEREFEHAEOEERBOME, HHOBLEE ML b SR ETRS

BkH 2 WHELT B ENPEOALERY, TE~EADERUBERNE ST

(2) —HERmBEE LT, IBREBNERICET  EAHKIC X 2 BB R, EBRKE
oo TR —H L, BOERMNEMBOBENERELBS D . ARRIEEBER, &
BENSM, EEBARKET TOMERO IFEHBBORITICIIET 22 LM TE3L, 4
BSOS 2 HAICOHEATHTH 5.

(3) Galerkin #, Ritz P& x AV FEIZBARHMARET 2 BENH 508, FEHE
ZLEDBORY, EBRERIBCHPTERNNLS>THS. SRENERF &8s w &
DIEMBIH N B F 2R D EUIC K B BB EE RS 03, PORHED S TROEREE S
NIS - 7D TREHRBORMAS 5. & I FHREO MO RRIONTHEOE L, 4
%2 DRIEH LR O NFIHERIC OV TE S L EROBEND 5.

BMICEREBOBFICELTHNILTFS » LT 5 L OB A M 28 L
TFE >R UBALHICE R#OBELELET.
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