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Abstract The finite element simulation method of bolt torsion under the tightening torque process was carried out, a
quantitative relation between the tightening torque and the bolt preload was established for an actual structure. Firstly, the
geometric model of the bolt with three-dimensional oblique thread was built, and the finite element mesh with thread was divided
by using Hypermesh software, and the corresponding mechanical contact pairs were redefined. Then, Ansys Workbench software
was used to apply the different sizes of tightening torque to the lower surface of the nut to obtain the magnitude of the
corresponding axial force, so that the functional relation between the tightening torque and the bolt tension could be obtained.
Finally, a bolt preload test was designed and the experimental, emulational and theoretical results were compared to verify the
method. The results show that the results of the finite element simulation model are closer to the experimental results compared to
the theoretical calculation results. The high-fidelity finite element model of bolt preload in this paper provides an important
method for further accurate analysis of the bolt mechanics mechanism.
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Fig. 3  Hexahedral 3D mesh model of the bolt
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Tab.1 Material parameter
e W A bR/ Jogt i JEE BRI A2 il ErES
Material Density Modulus of elasticity Poisson’s Yield strength Tensile strength Percentage Percentage reduction
atena p/ (kg/m*) E/GPa ratio v R./MPa R, /MPa extension e/ % of area Z/%
45 N 7 810 200. 1 0.269 355.0 696. 6 =16 =40
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Tab.2 Parameter data

Z B8 Parameter value

Z% Parameter

WREUATRE AR 15.00
Nominal diameter of thread d/mm ’
1285 Pitch P/mm 1.50
20 H14% Middle diameter 14.03
of thread d, /mm ’
B2 S| #f Threaded tooth
, 30
lateral angle &’ /(°)
HHEINAE Support surface
. . 16. 00
inner diameter d, /mm
SCHETAME Outside diameter .00

of support surface d;, /mm
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Fig. 9 Schematic diagram of test equipment
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Tab.3 Main technical parameters of CFBLY pressure sensor

M BRI
Parameter Technical indicator
K F 2 Maximum range m, /t 2
REYE Sensitivity S/ (mV/N) 0. 024+0. 005
Fil AFELBH. Input resistance R,/Q 750420
4t HLBH. Output resistance R,/Q 700+5
Heps O P

Recommended excitation voltage Up/V 10~15

R4 NEWRMFEIERRSH

Tab.4 Main technical parameters of the torque wrench

2% Parameter 2 Magnitude

1 100

Measuring range M/ (N + m)
#BEBE ST Overload capacity/ % 120
TAEHLIE Operating current I/mA <8

R Temperature 0~40 °C

N i i
ARG Operating environment AAXT I Relative humidity <90%
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