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Engineering Calculation Method and Criterion to the In—plane
Instability of Non-reinforced U-shape Bellows under Combined
Internal Pressure and Axial Compression Displacement
LI Shuangyin, LIU Yan

(Luoyang Sunrui Special Equipment Co. Ltd., Luoyang 471000, China)

Abstract: Engineering calculation method to the in—plane instability of non—reinforced U —shape bellows under combined

internal pressure and axial compression displacement is established through calculating formulas for meridional bending stress es

due to pressure 0, and pressure o at different positions of bellows based on beam mechanical model. The corresponding criterion

of the bellow affected by internal pressure and axial compression displacement is also defined according to experimental data and

calculation. The experimental data shows that the engineering calculation method and criterion are effective to engineering

application and safety design of bellows.
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Fig.1 The mechanical model of meridional bending stress due to pressure
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Fig.2 The distribution of bending moment along the

convolution height due to pressure
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Fig.3 The distribution of meridional bending stress due to pressure at the crest and the root
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Fig.4 The mechanical model of meridional bending stress due to deflection
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Fig.5 The distribution of bending moment along the

convolution height due to deflection
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Fig.6  The distribution of meridional bending stress due

to pressure at the crest and the root
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Fig.7 The change trend of normal meridional bending

stress from the root to the crest
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Fig.8 The distribution of Mises stress along the

convolution height
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Table 1 The experimental data of bellows
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D,/mm mm mm 8/mm .
/mm AE/ MPa
MPa
RZ10-150B T 159 23 25 0.5 2 6 2.42 510 1.50
RZ16-250BI 273 33 37 0.8 3 7 3.5 487 2.40
DN250 1# 273 36 36 0.8 1 4 5.0 487 0.51
DN250 2# 273 36 36 0.8 1 4 3.0 487 0.75
RZ10-300BT 324 44 43 0.8 3 6 5.5 500 1.50
DN400 426 53 50 1.2 1 4 4.0 487 0.75
DN700” 700 36 54 1.0 1 7 5.7 487 0.30
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Table 2 Spread length of plastic region in half convolution

" BAREAR A B ‘fﬁrél%%rﬁx AP X TR/
/mm /U T ) mm
RZ10-1508B 1 159 WA IR 0.040 3.3
RZ16-250B II 273 WA IR 0.043 4.7
DN250 1# 273 B4 BRI 0.047 53
DN250 2# 273 WAy BRI 0.030 4.2
RZ10-300B [ 324 B4y, LIRS 0.041 5.5
DN400 426 WA IR 0.020 4.8
DN700 700 WAy, AL 0.020 5.1
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Table 3 Calculated value and test data of limiting internal pressure based on inplane

- WA EAR %ﬁé’i%llﬁﬁﬁéﬁ RATER 9% (p,=p)/p) /%
/mm HEH p,/MPa FE 52 p/MPa

RZ10-150B [ 159 1.52 1.50 1.30
RZ16-250B I 273 2.49 2.40 3.75
DN250 1# 273 0.48 0.51 -5.90
DN250 24# 273 0.86 0.75 14.7
RZ10-300B | 324 1.33 1.50 -11.3
DN400 426 0.79 0.75 5.30
DN700 700 0.29 0.30 0.30
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Table 4  Comparison of calculated values and test data of inplane instability of PL-DN 500 bellow
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