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Abstract; To compare the accuracy of the calculation method of sphere hinge stress in rotating
body construction based on different assumptions, and to put forward Suggestions on the
modification of the calculation method in combination with the finite element analysis. The contact
stress of ball hinge was calculated by national standard, elastic mechanics analytical method and
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non-Hertz contact theory, taking an overpass project as an example. Then finite element software
was used to simulate the stress distribution of sphere hinge,and the calculation formula of sphere
hinge contact stress was modified by combining the finite element analysis results. Finally, the
measured engineering data was collected to check the calculation results. The average errors of
national standard, elastic mechanics analytical method, non-Hertz contact theory and the finite
element analysis results were 13.7% , 14.68% and 23.4% , respectively. However, from the
perspective of the stress variation trend, the national standard and elastic mechanics analytical
method were quite different from the finite element method, and the non-Hertz contact theoretical
calculation method was the closest to the finite element analysis result. Conclusion The non-
uniform contact stress of spherical hinge should be considered when calculating the stress of sphere
hinge. According to the finite element analysis results, the error between the modified calculation
formula of non-Hertz contact theory and the measured engineering data is less than 10% . The
modified formula has good applicability.

Key words: bridge engineering; rotating body construction; sphere hinge stress; simplified

algorithm ; the finite element
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Fig. 1 Section of the rotating system
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Fig.2 Force diagram of sphere hinge
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Fig. 3 Radial stress on contact surface
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Fig. 4 Detailed structure diagram of steel sphere hinge
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Table 1 Theoretical calculation results

7 1/ MPa
L T W
WREES/mm AL -
e pis TR
-2 250 13.21 — 13. 10
-1 950 13.21 — 13.20
-1 650 13.21 — 13.29
-1 350 13.21 9.09 13.32
-1 050 13.21 15.74 13.38
=750 13.21 14. 80 13.42
-450 13.21 12.77 13.43
-150 13.21 11.33 13.45
150 13.21 11.33 13. 45
450 13.21 12.77 13.43
750 13.21 14. 80 13.42
1 050 13.21 15.74 13.38
1 350 13.21 9.09 13.32
1 650 13.21 — 13.29
1 950 13.21 — 13.20
2 250 13.21 — 13. 10
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Table 2 Material parameters of sphere hinge
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Fig. 6 Finite element analysis results
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Table 3 Results error comparison

SERE BRI T LR/ %
OB ARICY fifte dERRE B
B/mm  #/MPa 5 fi 3 i fif i
-2 250 14.93 29.1 — 28.1
-1 950 9.37 5.3 — 5.1
-1 650 8.63 1.5 — 2.0
-1 350 7.79 1.5 30. 1 2.4
-1 050 8.03 6.0 26.4 7.4
=750 6.47 17.7 32.3 19.6
-450 7.85 26.5 22.3 28.7
-150 6.37 25.1 7.7 27.4
150 6.37 23.7 7.8 25.9
450 7.85 26.7 22.4 28.8
750 6.47 16.5 30.8 18.3
1 050 8.03 4.4 24.5 5.8
1 350 7.79 1.5 30. 1 2.4
1 650 8.63 1.5 — 2.1
1 950 9.37 4.3 — 4.2
2 250 14.93 27.8 — 26.7
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Table 4 Detailed parameters of measurement points

NS TiEy et
R/mm  L/mm

ik F/kN
f/MPa  {i/MPa

[17] 50000 1500 1260 5.23 5.15

100 5.81 5.59
[18] 59600 1320 500 6.37 6.32
1 000 7. 68 7.62

0 5.53 4.1

500 5.8 4.9
[19] 11800 1900

1000  6.55 5.8

1500  7.44 8.1
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