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Influence on macroscopic stiffness of rotor mesostructure

based on finite element method
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Abstract: A research thought of establishing the mapping function based on the rules of
dynamics parameters of macroscopic system due to the non-linear behavior of mesostructure
for rotor system was put forward which based on finite element method, and then the dimen-
sions of rotor systems were reduced legitimately. By simplifying the rotor model of contact
structure of rod bolt in a type of engine disk appropriately, the effects of inhomogeneous rod
bolt preload on the rotor macroscopic stiffness under different eccentric states of disks were
analysed with ANSYS, nonlinear characteristics of stiffness were obtained. Results show
that, when the bolts are evenly preloaded, along with the change of preload forces, the vari-
ation trend of nonlinear characteristics is related to the eccentric angle alteration; when half
of the bolts are loose, the eccentric angle is larger while the loose preload forces are smaller,

and the nonlinear characteristics are more obvious.
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Fig. 1 Three-dimensional solid model of rod rotor
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Table 1 Fitting coefficient when eccentric angle is 180°

Q. /N K, /10° (N/m) K. /10" (N/m*)
1980 16. 941 14. 292
9910 21. 865 5.872
13860 27.184 1.172
19800 29. 213 0.837
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Fig. 6 Fitting curve of displacement-centrifugal force

Table 2  Fitting coefficient when eccentric angle is 90°

with different preload forces when

eccentric angle of

90°
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Q,/N K, /10° (N/m) K. /10" (N/m®)
1980 4. 449 0.228
9910 5. 206 0. 264
13860 5. 555 0. 360
19800 6. 180 0.610
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Fig. 7 Fitting curve of displacement-centrifugal force

Table 3 Fitting coefficient when eccentric angle is 0°

Br#8/10°° m
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with different preload forces when

eccentric angle of 0°

R3 ROXRAHOCHNMERY

Q/N K:/10° (N/m) K. /10" (N/m*)
1980 2. 995 0.549
9910 3.012 0. 478
13860 4.159 0. 347
19800 4.377 0.316
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Fig. 8 Fitting curve of displacement-centrifugal force
with non-uniform preload of bolt when

eccentric angle of 0°
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Fig. 10 Fitting curve of displacement-centrifugal force
with non-uniform preload of bolt when

eccentric angle of 180°
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Table 4 Stiffness fitting coefficient when half of the bolts

are loosening preload

X B> e #5 / ()
% RS
180°  90° 0°
e K /10%(N/m) 18.412 4.434  3.008
Q=1980N K,/10"(N/m*) 9.090 1.034 0.541
e K, /10°(N/m) 19.874 5.128 3.263

Q=9910N K,/10"(N/m®) 17.392 1.128 0.670
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