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Buckling load computation-of spherical-cone diaphragms

based on Kriging metameodel

ZHOU\Suan', QIANG Hong-fu', WANG Xue-ren',
WANG Guang', ZHOU Zhi-qing®
(1. Power Engineering Department, Xi'an Hi-Tech Institute,
Xi'an 710025, China;
2. Survival"Technology and Efficiency Assessment of Aerospacecraft Laboratory,

Equipment Academy of the Second Artillery Force, Beijing 100085, China)

Abstract: Regarding typical structural characteristics of radius and thickness of dia-
phragms, height and angle of cone section, a method was built to compute the buckling load
of diaphragms based on Kriging metamodel. The Kriging metamodel was validated by typi-
cal samples. Research results show that: for the Kriging metamodel based on Cubic correla-
tion function, the error percentage to compute buckling loads at untried inputs is less than
5%, more suitable for computing the buckling loads of spherical-cone diaphragms than that
based on Gauss correlation function; the metamodel could precisely compute buckling loads
at untried inputs, without need of modeling and simulation by finite element method; the
metamodel could compute parameter values of typical structural characteristics according to a
set buckling load, and also could be used as bound function or object function for structural

optimization design of spherical-cone diaphragms.

Wi HHEE:2012-11-19
ELWB : {HEE S AP LRI (61338)
TEE R A 1984—) B B W A, 1 A BRSO 1) 9 S AR ) 2 S5 85 M Ak 53T



112 fi =

g %

529 %

Key words: spherical-cone diaphragms; buckling load; orthogonal test design;

metamodel; Kriging; Cubic correlation function

< 58 I e s ) 3 2 AR 8 X HE R 5 S AT
) Rt A 10 25 L HG o T A R P A
£ < s 5% o O T P 1 A o a5 B B Lk
K A SRAB TR T 3 BOHE 3 790 37 3 A 3 2. 4 s M
Jr EAT AR IR ] B U T R RO L R EDIR S
32 TP R AR /N AR S Tz T
SRSk 5 | 280 A8 B L 0TS B A M K A
b.20 4l 60 4EAR, SE TV IF 4R TR A AR
AR SCHIF ST, 1978 45, “ FIP- £ L35 7 Y B 38 5
S CMIXO 35 4 R 300 I A D9 i 7 4 0 )
BT BRG] 0 BRI 3, 3041 A5 4K 8% I A, HE =5
BORRT 98. 800 fifpthe T WM HEZE R G vl FE1E S
JRAS Z ] 1 27 I8 . 1] PR T s k2 B R R i e
Tl KA I IR Tl RS AR R B AT T
FHOGHIF ST 76 1 M 2R 4 it 3 R 4 o ek A
T 4 R A

Jor v A R P 9 e ) A 3l AT LR
5 A 12 i m TAR S A b T e B S S 5
B s FUAB R R 7 B K 1) A 3 K 0 A el B
¥ R oy 5 R B R R B AR R LA
SER A 2%  Z A SR L T A8y 1 A A i A RE AR
GBI AR 5 IR L B e BE A AT i Y
S5 R R AE X JBE R T R AT 1 R e S R DR, T
FEBCTE A DB 58— b A 2R AT R 44 i
MR H, AR T 2R I kst A, T
VERURMAR. A SCHEE T Kriging (R AL, 2 37 —
il R A 5 TR L B e BE S A R A i Y
S5 R R A A TSR i e A TR 7 vk R AR
R N7 R B8 TR AU ] I Sy S A TR I )
SRyt PR AT v T, B — 8 19 TR N
#rH.

1 ERERTE

<5 Jm 5% IR R AR KT A Sl BIL AR a2 ) 3t
G0 B AL A (I D), B ST R Y
A7 5 B 4 R R AR 1 AR R R
AR o T R AR DN B T A R AL TR
SMEZEAERIR B 7 AR R AR N LA ER B A =
BRI A R B G 0 A L 0 O
TR0 0 7 AN Rk 4 e R A A S I
TR 0 A o T O T R S
THRODE S . TR G 1Y 4 T I o A I AR

LR o B B BE A IR 2R R AE 1 S
OO0 o o 52 e 2 Ao £ TRV L

1 ek FIEE N R 4
Fig. 1 /Propellant supply system
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Fig. 2 Algorithm flow chart for building

Kriging metamodel

Set Buckling load(x)
x=[R,h,H.,qa]
s.t. 200 mm<<R<{300 mm
0. 4 mm<<h<<0. 9mm
50 mm<< H<<100 mm
5°<La<10°
3.3 EXKWigit
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Table 1 Orthogonal test table

F5 R/mm h/mm H/mm o/ (%)
01~06 200 0.4,0.5,0.6,0.7,0.8,0.9 50,60,70,80,90,100 5,6,7,8,9,10
07~12 220 0.4,0.5,0.6,0.7,0.8,0.9 60,70,80,90,100,50 10,5,6,7,8,9
13~18 240 0.4,0.5,0.6,0.7,0.8,0.9 70,80,90,100,50,60 9,10,5,6,7,8
19~24 260 0.4,0.5,0.6,0.7,0.8,0.9 80,90,100,50,60,70 8,9,10,5,6,7
25~30 280 0.4,0.5,0.6,0.7,0.8,0.9 90,100,50,60,70,80 7,8,9,10,5,6
31~36 300 0.4,0.5,0.6,0.7,0.8,0.9 100,50,60,70,80,90 6,7,8,9,10,5
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Table 3 P value forregression model

& B 52 B B
Gauss 0.2556 —0.2617 0.9391 —0:4831 0.0166
Cubic 0.8553 —0.3176 0.9772 —0.4710 0.0070
x4 mLO0E
Table 4 Optimization value for 0
WA (6 ~60 HAIE 6 ~ 6 SRURIS
Gauss [0.2997,0.1,0.1,0.1] 26
{0.2,0.2,0.2,0.2]
Cubic [0.2119,0.2529,0.2466,0. 1] 30
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Table 5 Accuracy test for Kriging metamodel
o ZH AT REBRHEE  R%/% REBEEAE R%E/Y%
=)
R/mm h/mm H/mm o/(°) TR (Gauss) (Gauss) (Cubic) (Cubic)
1 210 0. 65 75 7.5 0.2213 0.2407 8.77 0.2234 0. 95
2 230 0. 55 65 6.5 0.1477 0.2050 38.79 0.1503 1.76
3 250 0.75 85 8.5 0.2070 0.2463 18.99 0.1991 —3.82
4 270 0.45 55 5.5 0. 0866 0.1306 50. 81 0.0834 —3.70
5 290 0.85 95 9.5 0.1971 0.2056 4.31 0.1963 —0.41
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Table 6 Structural parameters and buckling loads

F5 R/mm h/mm H/mm o/ (") JiflZ&6r/MPa

1 240 0.6 60 6 0.2005

2 240 0.7 80 7 0.1988

3 260 0.6 50 10 0.1999

4 260 0.7 70 8 0.1990

5 260 0.8 100 5 0.1996

6 280 0.7 70 5 0.1982
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