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Force characteristics of frange structure bolts

and seals under working pressure
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Abstract:In order to study the variation mechanism of bolt force and seal contact force in typical
flange structure under working pressure,firstly, the force analysis of the seal,flange and connecting bolts
in pre-tightening state and working state is carried out. The equilibrium equations of force and torque are
established for the flange in axial and rotational directions,and the relationship between the bolt force in-
crement and the working pressure increment is obtained through the theoretical derivation of equilibrium
equations. Secondly, the finite element model of flange seal is established and the simulation calculation
under the working pressure is carried out. The results show that the mechanical analysis of the flange is
accurate and reasonable ,which effectively verifies the derivation and correctness of the theoretical formu-
la. Finally,on the basis of the derived theoretical formula,the relationship between bolt force ,seal contact
force and seal inner radius R, distance L between bolt and seal, seal compression/tensile stiffness K dur-
ing the working process is accurately obtained , which provides a reference for the structural design and op-
timization of flange seal.
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Fig.1 Mechanical analysis of flange sealing structure
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Tab.1 Model parameters of flange connecting structure
R/m n/m N/m L/m K/(N-m™) K, /(N+-m™) K,/(N-m™)
0.378 0.325 0.351 3.74x107? 6. 14 x 10° 3.24 x 10" 5.08 x 10’
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Tab.2 Material parameters of flange connecting structure
HF VLR E/MPa HEL/N A
%= 206 000 0.28
HE A 206 000 0.30
wEE 1021 0.32
T e mmi e
035 | FANE R LIE
£ 030} \
g
e 0.25
o201
E— 0.15 +
?;3 0.10 —a— B TR S
" 0.05
0.00 L !
0.0 0.5 1.0 1.5 2.0
I =7
B4 ZHEEHREAEBRMESRE SRME

EEPHEL &

Fig. 4 Curve of seal compression during bolt pre-

tightening and actual loading
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Fig.5 Theoretical calculation curve and numerical

simulation curve of seal springback with pressure
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Fig. 6 Change curve of bolt force increment and

seal contact force reduction with R
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contact force reduction with L
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