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A Study on the Modified Energy Theory for the Bellows Problem

o ¢ 94 A #H O ooa*
Wan Ik Lee,  Tae Wan Kim
ABSTRACT

In this paper, the bellows problem under axial load were investigated. A modified ener- .
gy theory, which has the improved strain energy and stress description taken from governing equa-
tion of general shells of revolution, were proposed. From the analysis, the results obtained from
the ‘modified theory were more accurate and in stable state with varing geometric parameter of

bellows than those of other theory.
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Tablel A typical stress distribution of bellows (annulor typed)

tress| Circumferential Meridional Circumferential Meridional
memebrane membrane bending bending
cas stress (0 ;) stress (04,) stress (04 stregs (0,4
angle F.E M.|Present{HamadalF. E.M.|Present; F.E.M Present|Hamada/F. E.M.{Present
0° 0021|0001 |—0.00410.041 | 0.032 | 0.013 |—0.107|—0.083|—0.10 | 0.001 | 0.004 | 0.001
10° | 0.046 | 0.02 0.02 10.06 | 0.044 | 0031 | 0.089| 0.082( 0.018 | 0.632 | 0.621 | 0.567
20° | 0129 [ 0.112 | 0.10 [0.075 | 0.053 | 0.041 | 0.266] 0.259| 0.224 | 1.183 | 1.181 | 1.027
0° ] 0258|0255 | 0.227(0.085 | 0064 | 0.049 | 042 | 0418 0.357 | 1.641 | 1.663 | 1.423
40° | 0413 | 0.431 | 0.378]0.09 | 0.066 | 0.053 | 0.547| 0.548{ 0475 2.005 | 2.036 | 1.780
50° | 0.576 | 0.616 | 0.538(0.089 | 0.067 | 0.055 | 0.647| 0651| 0.575| 2.276 | 2.306 | 2.041
60° | 0.726 | 0.81 0.687]10.084 | 0.067 | 0.055 | 0.719] 0.723( 0.733 | 2.465 | 2.493 | 2.280
70° | 0848 | 0.9 0.8110.076 | 0.067 | 0053 { 0.767| 0.769| 0.793 | 2.587 | 2.602 | 2.480
80° 10926 [ 1.014 | 0.893(0.067 | 0.068 | 0.047 | 0.794| 0.796| 0.793 | 2.645 | 2.687 | 2.650
90° 1 0.9%6 | 1.051 | 0.935(0.066 | 0.068 | 0046 | 0.799| 0.806| 0.812 | 2661 | 2.687 | 2.710
note) E =21000kg/mn’, v=0.3 ¢=Imm, ¢=10mm, 7, =250mm
Axial load =100kg
6 B
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Fig. 16 A comparision between modified theory
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bellows with varing a/rl. (rf = 200mm,
t=1mm, load=100kg)
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Appendix

elements of [Gy)

A=a/ri, q=r/r

Grn=A{g*(1+v)+ 1‘—y}/.(q2_1)

Gru= —2q4/(¢*—1)

Grn = 4.”{42(1 +u)+1 ¥v}/6q’“1)(1—v’)
Grs=—8qu/(g* — 1) (1 —v*)
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Gra = 2421/0]2—1) (1-—].;2)
Gru=—qi{g?(1—)+14+v}/(¢*—1) Gri2=Gr1a =Gy15 =Gy = Grza = Craq =
Grse = — 8¢ p/2(¢*— 1)1 — %) Grar =_Gf32 = Gyas=GCroa = Gras = Grer=
Grss = 4qt{g*(1—w)+ 1+ v}/p(e® — 1) G =Gror = Grsa=Grsi =0

H
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ridional bending stress ” 2] title ] M= HHemz AA I B, $HUV
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