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Abstract: The stable vertical performance of thick lead-rubber bearings (TLRB) is conducive to
achieving vertical isolation (vibration). An analytical framework based on the probability density evo-
lution method (PDEM) is designed to quantify the influence of material and dimensional variability on
vertical performance uncertainty of TLRB. The robustness of this numerical model is validated
through comparison with experimental results. Three types of bearings with typical plane sizes are tak-
en as objects, considering the influence of the first shape factor (S1) and the second shape factor
(S2). The sensitivity of vertical stiffness is analyzed based on the GF-discrepancy for point selection.
An uncertainty analysis is carried out using PDEM with error requirements of Chinese current code.
The results show that S1 is the key factor affecting the sensitivity of vertical performance while the in-
fluence of S1 can be ignored. Based on the sensitivity results, the key parameters of bearing produc-

tion quality control are proposed. S1 is also the key factor affecting the uncertainty of vertical perfor-
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mance. The nonlinear compression process of TLLRB aggravates the uncertainty of vertical perfor-

mance. The quantitative relationship between parameter variations and the confidence interval of verti-

cal stiffness was established by employing fitting techniques. The effect of bearing plane size has little

influence on the sensitivity and uncertainty results. The findings of this research can provide references

for the manufacturing process and vertical isolation reliability evaluation of TLRB.

Keywords: thick lead-rubber bearing; vertical performance; probability density evolution method;

sensitivity ; uncertainty
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Table 1 Design parameters of LRB300 for verification
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Table 2 Model stiffness verification results
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Table 3 Bearing types for analysis

R % 5 D/mm d/mm t/mm n z/mm S, S,
LRB300(% i ) -1 300 60 2.4 25 2 31.3 5
-1 300 60 5 12 2.5 15.0 5

TLRB300(EE) -2 300 60 7.5 8 3.5 10.0 5
-3 300 60 15 4 7.5 5.0 5

-2a 300 60 7.5 12 3.5 10.0 3.3

LRB600( i ) -1 600 100 4.1 29 2.3 36.6 5
-1 600 100 10 12 5 15.0 5

TLRB600(&)Z) -2 600 100 15 8 7.5 10.0 5
-3 600 100 30 4 15 5.0 5

LRB1200( i ) -1 1 200 220 7 28 3.5 42.9 5
-1 1 200 220 20 12 10 15.0 5

TLRB1200(&)Z) -2 1 200 220 30 8 15 10.0 5
-3 1200 220 60 4 25 5.0 5
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Table 4 Cases for sensitivity analysis
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Table 5 Difference of variation coefficient of K, between $,=5.0 and S,=3.3

fiii BrmEERLR ADEIAEE WRJR R E %i;;m %ggﬂﬁ LN EAR  EER BRKRERE
8,=0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8,=0.02 0.000 —0.001 —0.002 0.003  —0.001  —0.003 0.001 —0.002
8,=0.06 —0.001 —0.001 —0.005 —0.004 0.000  —0.001 0.001 —0.002
6,~=0.10 —0.002 —0.001 —0.006 —0.004 0.000 0.000 0.000 0.025
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Table 6 Parameter sensitivity
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Table 7 Variation coefficients of parameters

38 S AR itk ELAR PR 2 5 AR BY VAR B U e R 5 1
TLRB300—(1~3) 0.003 0.008 0.033
TLRB600—(1~3) 0.003 0.005 0.033 X=0,0.02.,0.06.,0.10
TLRB1200—(1~3) 0.001 0.002 0.033
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Fig.12 Formula fitting effect
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