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Measurement of Buckling Deformations of Elliptical Cylindrical
Shells by Moiré Topography Method
By
Yoichi HIRANO, Kenji AIHARA , Kazuo ICHIDA,
and Megumi SUNAKAWA

Abstract: Axial buckling tests of elliptical cylindrical shells were con-

ducted. Thirty specimens were used, and their major-minor axis ratio

ranged from 1 to 2. The shells were made of rigid-vinyl PVC sheet. The

sheet which was cut in size was wrapped around an aluminum mandrel,

and the overlap section along a line of maximum curvature was bonded.

Then the sheet was heated up to 120°C in an electrical furnace. At this

temperature the sheet softened, shrank, and was maintained in intimate

contact with the mandrel. After heat treatment the sheet retained its

elliptical shape, when it was removed from the mandrel. :

Experimental buckling loads were compared with the empirical ones

which were obtained by a formula based on maximum radius of curvature.

The qualitative agreements between them were good. Load-end shortening

curves for shells of various major-minor axis ratios were obtained. It was

observed that buckling occurred successively after first buckling, and that .
load increased above first buckling load for the shells whose major-minor

axis ratio was equal to 2. Buckling deformations were measured by mioré

topography method. By this method equal contour lines of the shells

before and after buckling were obtained. Equal contour lines for deforma-

tions were derived from the difference between the contour lines of the

shells before and after buckling.
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1. @3 L Hv &

SHIERERIEE A 20 25 MR O BEE (2 BRER O REE & R 28 E2R - Tw 5. FHE
FROMEFITBRENICMEGSRECY, Zhiexhitc U TRBIER & BErIcRAEdT 5. ki
OBMFER BB HRIC—E TRV S IKENT 5. ARETHE A OER R aR oM
fERR DEEERE R ORI A2 EZBRIC L DRAE LRIV THRET 5.

& MR Ol 4/ BEJE 1 D W T OITRI SR EERBIFLII 3 0 s T 5. Kempner
(1] BEAROBERSL t=01,/7,) [1+qcos (2s /7)) THZohAREH
&% (oval cylindrical shell) ®EIG/12Kk»7-. HL, EXT, BRoOBRAER 2 ~7,TH
Zondb0E L, s BAAMEE, ¢ (gl < 1IEREELEDT LD EST 5. Kempner
& S| g | AN 25 EIRR O REIE G /I3 Wi O i K IR AR D AR O B JE IS /7
L OEURICKRE BT EA2/R LT, Hutchinson [ 2113, Kempner ¥ 1 7DfE¥EME R RV
FE M E#E (elliptical cylindrical shell ) DI IC DWW THIHAEE & BH# -5 1 T B JEE % D% F)
AFORD EHICERBIEHEFE L. X, Mylar M TlE - FBEHBEIROER T-> T3
B3, JOVWEERERBEZAMLWVEES, Almroth— Brogan— Marlowe [ 3] 3 Z4nHkick OFEH
B D FEFB % DT 24TV, fIE —FEA RS 2 LI EORKED S D AFEROES &R
AR H HT ERHLPIC LIz, S6iC, EREDWV L DhDRICHind 284 %
K7z, Tennyson—Booton—Caswell [ 4] (3#EGFREIHIARK Ao HERR O KM ER %
T-7c. FBREIELSEEICK S =K+ vHARERROmE 7 v I - mcHES Licd
DT, PIEYIEESERIETO S, COEBRICK DERBIEEINGEITTT 2580 1 IR
R 1 RIEEREL LICHENEINT 256055 C EBHOpICENT. Fensten—
Erickson—Kempner [5] & Kempner ¥ 4 7ORFEME#IC DO T Mylar A # % B LE
LTHE- o skBRiAic £ D EIR EB AT > 7. COEBRTHEIE LR EMEREE O ER%
DEVENSEIE X 7o, fihic, Feinstein— Chen—Kempner [ 61, Tvergaard [ 7 ] DtFEHAH
Fons.

2. HBREOBEEIRUT®

SRER A3 AFE X 0.3 mm OREHAL E = — WA - CEFE LT, T OE T 3 84
Blick x>0, WMmORMTS G/NHEREERT) TIOommEBEREGHLETT 7 ) v Rl
BHRITHELS L, BE® AR > TERFICAN, £2BEE 120°C K- cREr o &
DREIC 30 MR LK, FOMBEELELY-L DBHITS. @REESERICE S
SEMACH LBtk A4 5., WERLe = — iGN I OINEET 20 TRIIEE LTE
BRI s NS, rEDRERICUIM Lok, 51 XICBIE/RT 7ov 3 BisEiic sk A
A3 OIAABREELEEBICH LiAD. ULOFIETHEMHBERRBRANS RS H5. EERiCft
LicidBRiAiz a /b (B &Kk 1.0, 1.25, 1.5, 1.75, 2.0 5 &, ARl
12200 mm & 250 mmdD 2 R TLET I0EHETH 5. {FEHICOV T3 2o > R E
AER LT, £28WT30ETHS. X, BFEABBZROERIER 7,55 80mm O HEHRD
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ZTNEFHEL2 7 x80=503mm TH5. RARAEDTEELE LHTHEI RITRT. MH
DY VI REGEFRFAEMAESRICEDRDIFEROEHLD E=311. 6 kg/ mm? &
L7z, BliREAERF O~ 3 25K 260 mm, M40 mm, #RZ 0. 3 mm THELBE##IE 100 mm T
b5, FHLCEARFEBEHRRREREECBERERE TS, ABED /7 ox~y N
Ei30.1lmm/ /min THs. 1id, BHE = —1DY Y IFREIZD7 ) —THHEDILD
BAEEICIE TRIES. 20T, BB IRROEMBEXRIEDO 7 o 2~y FEEL

B U CEE -7 D LY v S EAEE L.

F1Ek HEBREHETE

a/b 1.0 1.25 1.5 1.75 2.0

e 2 C E1 E 2 E 3 E 4
E & a 80 88. 62 95. 05 99. 95 103. 76
% & b 80 70.89 63. 37 57. 12 51.88
BARHIZEEE R,y or 80 110. 78 142. 57 174. 90 207.52
MR ER (kg) 3.0 3.0 2.9 2.8 2.7
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ABCL3;+ AB'C'L,
£0

BC :BC'=b:a (2)
B'CTREEETOE Y F S, THEH512)KLD

BC =S,b/a (3)
2185, Ly XOEAERE [ET5E

1/a+1/b=1/f | (4)
ERRBH A, (11 &EB)XEFE-T

hil=S8Sob(hi+b)/a (5)
155, 20TM)REBIKLD

hi=b(b—f)So/Lfl—(b—f)S,] (6)
BRHON S, [ERRIC LT NIROBOEE TOMEEE 2y i3

hv=bCb—fINSo/[fl—(b—fINS,] (7)

L1553,
KERTIIS,=0.025mm (40&K,"mm) O FEM 7. X, f=80.4mm, /=
220mm, 6=846 mmXi3 876 mmT, A =0.914mm¥Xi30.984 mmTdh 3. hiliAk
RRIRBINCHB) LTV, REBR TR S NIDThy=Nh & LTHIEHBELS 2 555
RTRONBBENA I TELLOORBELIFROFERTHB0T, BELEFEEKD 3

WIS EERT & BRI E OSEEBOLETH S .

| 4 EBEE

KEREBEOLBAHEINIC, AYEBOBELE ARIRYT. RBAD LK | mEEn i
CREEBARE L. 2F, WEOOKETET LEEAE-7c. COEHEDET LI
P12, BIORIKESN S LD IcEHICETTH S, 20T, RBKO 7 ox~y FiF
B 0.1 mm/ minTHEZHNBRE S, HEERBREOEMSBOMHAE X —Y 08
AL, BEAMEOZBMAETE & bIcRA L, T CHIEICED & 52 & sk
7o, PR (C) DBEITIE | IREEBRAE R DTS O D85 SRS U 1% 2 IR EEJE 254 U7+
Hs, MhDRBRK DB EICIZ | IREER %O THIR ICh T » THEBOSRAE L. BAER0%
BT FHFRM GERD B3 2 ORH GERAD ORAMBEEDOMABEEL, D
TZOFHMDSEERE Lo, B b1 M 1 £ & BT R RS BNETh B0, E
BRIZRMBIER E S ST L IREEGA US EEX OGNS, Tl & BAEH OB AR

This document is provided by JAXA.



408 R FE T HMZE I RITIREG F11%E 15 (B)

AR ET L VETT T 4 ENREEE

This document is provided by JAXA.



19813 B FH - BFREREETYSES 409

RERY TEEIEA A Uik, S5 RIFEA O &L icth D ED SERMERIIC BB R L TV » 7.
ETVEHEI I REBERIOEAA, | RERERGBEYSEHICEHEEL T -k, &R
KB L DB LT

FEIEHEDOERMELHE 2 RICTT., ERIZFHCOZ I[O20HBEEE 1o p o4
T30 BMoRBRECO>VWTiITONI. AEROEEMEG 1 REEDETHZ. Sbic, [

W2k FEERCKHEBEAE LHEMR

C E 1 E 2 E 3 E 4
¢ % 71.0 59.0 60.9 49.8 45. 7
=2
mm 65.0 ‘ 49.0 51. 4 24.8 31. 7
77.0 55.5 52.9 28.8 36.7
= 250 79.8 45. 2 48. 1 31.0 B.2
=25
mm 70.5 50.5 51.9 37.8 3. 2
75.5 55.5 3R. 4 47.3 35. 7
H F B 107.8 77.9 60. 5 49. 4 41.6
Pcr (kg>
100 | x £ =250 mm
A ¢ =200 mm
pal
A
50 [
C E1l E2 E3 E4
. P | Il 1 1
01 80 120 160 200

Rmax (mm)
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Lo C Wi D KBHER R 7 pe 2 DB D BRI S 0, 1C KD < FfE A EE OHEE (B %
A EDRHTRLUT.

067:0-6<t/7mar)E (8)

Pcr:< 271'7'9_1L 10)lLUcr (9)

BL, EXT7 380 mmTdsb. H5KITHRAMPBRE 7,,, ZHEEIICE > THEREMES
AL, ERBO) R L2 MEMTH 2. EEBEIEIHEEEOER E L —H LTS T &
Bomd. T, EM ERRNOR L ICHEER A > THRBAIEOHELZITO T Ehthk L
9

LRBRAEDOME LA EDOBEFRAEE KO H I0KIcRY. HFHeXLDHLMLEIIC
MBI OEASE 1 IRIERFF I KX BHER TIPS D, £NLEOME LA ITE ALV E
Wo Tk, UL, BAREROESIZ | REEEOMEMETPHFEREEZFL LV, K
iZ, E4RBRARDEEICIE 1 R EL LICHEOEMBA LN 5.

11 MLBIICEE 250 mm O E&OSHEOFHBKIC OV TOET VEEE UG
TEHAEMNMOHFSHRR AR LI, T TOHEMEINFEROBFIICERHHMDOEMTH O,
ZICHIOF M CTEE S ROEM TRV, ZMNOESHITBIRKDO X i LTRHIz, 7,
HEMEFOEBROE T VEHEAR L &HCETIcESR e 7 LR Blbh s, 20T, &
Egoe7 VEEARS. COFHEILZELLBEROFESHTH L. ©ERDIO DI EE
CEAEMNOEERTH AL, BIEAIEBOET LVESHROEDL S EDAERDRER

70+

60 -

LOAD (kg)

50+

40

30k ]
20}

10+
a b

I 1 L L 1 1 L L 1

0 0.2 0.4 0.6 0.8 Lo 12
SHORTENING (mm)

FOR MEEE (C) OFE - fEAdhi
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LOAD (kg)

LOAD (kg)

60}
El-12
501 El-11
40r E1-13
301 E1-12
E1-13
20| El-11
10f
a b c d
I 1 1 1 1 1 I i 1 1 1
0 0.2 0.4 0.6 0.8 1.0
SHORTENING (mm)
BIX MBS (E1) ORE -F4ihig
60}
501
40 E2-12
E2-1
30k E2-13
201
10}
a b c d
1 1 1 Ji 1 1 | 1 i 1 1
0 0.2 0.4 0.6 0.8 1.0

SHORTENING (mm)

FOR FMRER (E 2) OfE AR
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LOAD (kg)

LOAD (kg

50

40

30

20

10

60

40

30

20

10

AT ZE WSS A RS 917 %

FOR KPR

L E3-12
et} E3-12
= 37 £3-11
E3-7
a b [¢ d
! L L ! ! ! | | ! | !
0 0.2 0.4 0.6 0.8 1.0

SHORTENING (mm)

(E 3) OfifsE —#iH b

%10 W T

L E4-12
E4-15
r E4-8
a b c d
1 | ! 1 | { 1 1 1 1 1
0.2 0.4 0.6 0.8 1.0 1.2

SHORTENING (mm)

(E 4) oOfifE —fisH Hhi

H1%5 (B)
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LIV, Z0kwic, TFERHOEROET LEEOREMAEIZE 25 L, TS ey
VB EDOREEED. DVT, COEREDME ICHIGT 5 LR OBIRE & ET1% DK
BOELRDIE, ZOMBEOEMDOKE SBBREEDE TRD bNE. 2RHUICHONT
FROBIEAITY, FUBKREEDAEEDEEMOSSEIRD >N, B 11 LB
RLUABHENRE 3 OEAERE | REBHSEMICE CBATH 5. E 3 OEAIZEM
1T 1 REEFEMWFAE LIRS IS D D TEHEESR AR I i o1, 118, ¥R EFRD
EEBEb X, C, E1, E20HA846mm, E3, E4DEA876mmTHs. -7, C,
El, E20—&DZ£30.914mm, E3, E40—fHD#30.984 mmTH3. & 11X
LBOROFAXFD a, b, ¢ FRFHOME—MWAHMBEFTD a, b, ¢ FxBLTH
3. 7 VEEO EHICK LA BFREAFEORRPRBICB Y 2 EKEEED LTV 3.
ERHESHRH O LHOMFIR 213 0 WA OBRM CEEICHET BB IEALTHD,
—FEORT —AVOBREE LTV S . ENESHNORFRRD SN EROBREEED L
THD, +IBRRFEBELOMNIHMARL, —RBRZOFHEERL TS, X,

[ ch D & Rl 0[5 A5 1 R AR OO s SIS LT B

5. © ¢ U
AHE CHMERAEL S0 2HAESROEEERIC SV GR . EEE I EREE,
FER I DR E — G EREAEE, ET7 L ME75 7 4 ick 3EEERHIHOESOK
KRTh2., BRICLZERHEORAMBLR T MM Z O¥EE B> MR BE
IB/CED CHEEBOMEM E L —HK LTV, BIE S N ME a5 4 i3 e
LHEMBEBOEL R ->SORLTVE. BHERCRERSERIICGETT2CE, M
BRI 1 IREBEEROREB/ TN NTH BT E, a/b=200EA1ci | REBRIEL FicEE
JE%DREBINESH Z Ehbh3, ET L BT T 7 4 5iIC L ZEEFKOEGEEDFIR
PEHREID, BAOESHRERD LT Estiskic. 12750, TOESBRIIEFRORTH
it 2L EH ThH 5. AEBROBHITIERMNEIR AR OBMEBRAS -7 C & S EE
ERLASCENCRE L ETH 5. ME LBRBEMARITIC L 2R & T 2 &8
SHOBETHS .
19804E 11 H 20 B #iZe /12
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