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CALCULATION METHOD FOR BEARING CAPACITY OF DISC SPRINGS
CONSIDERING BEARING SURFACE WIDTH

XU Long-he' , YANG Fu-xiong' , YUE Qing-rui?> , CHEN Peng' , XIE Xing-si' , ZHAO Xiao-qing?

(1. School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China;
2. Research Institute of Urbanization and City Safety, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: To study the effects of different widths of edge bearing surface on the mechanical properties of
combined disc springs, a typical representative was respectively selected from each of the A and B series disc
springs to compare and to analyze the errors of existing disc spring bearing capacity prediction formulas with
experimental and numerical simulation results. Numerical simulation analysis was conducted to investigate the
influence of the bearing surface width of different disc springs on the improvement of the bearing capacity. A
total of 11 different types of disc springs were selected upon the three series A, B and C disc springs, and a large
number of parametric analyses were performed upon the different bearing surface widths of each disc spring.
Based on the results of numerical simulation for the same spring series, the existing formula in specification for
predicting the bearing capacity of springs was modified by taking account into the bearing surface width. Eight
different sizes of disc springs were subsequently selected, and the prediction accuracy of the modified formula
was verified by numerical simulation and experimental results. The results indicate that bearing surface width has
a greater effect on the bearing capacity of the disc spring. The modified formula can accurately predict the bearing
capacity with different bearing surface widths, and have a good engineering practicability.
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Table 1 Reduced thickness ratio of disc springs
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Fig. 1 Characteristic curve of disc spring
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Fig. 2 Geometry relationships of the disc spring
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Fig. 3 Numerical model of the disc spring
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Table 2 Geometry of disc springs
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RSG5 D/mm d/mm t'/mm hj,/mm Hy/mm
Al 80 41 4.70 2.00 6.70
A2 125 64 7.50 3.10 10.60
A3 200 102 11.25 4.95 16.20
A4 250 127 13.10 6.50 19.60
B1 80 41 3.75 2.45 6.20
B2 125 64 4.70 3.80 8.50
B3 200 102 7.50 6.10 13.60
B4 250 127 9.40 7.60 17.00
Cl1 160 82 4.15 5.75 9.90
C2 200 102 5.30 7.20 12.50
C3 250 127 6.70 8.10 14.80
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Table 3 Bearing capacity results of A2 disc spring
BT/ I TI/KN

mm A b=Ilmm  bh=2mm  Hh=3mm  b=4 mm
18.22 20.49 23.05 26.00

1181 20.34 (104%)  (07%)  (133%)  (27.8%)
3543 39.77 44.63 50.20

1/4h 39.51 (103%)  (0.6%)  (12.9%)  (27.1%)
50.32 56.39 63.14 70.89

3/8h 606 l02%)  (06%)  (12.6%)  (26.5%)
66.46 74.10 83.02 92.85

1121 73.98 (10.1%)  (02%)  (122%)  (25.5%)
79.96 87.78 98.63 109.66

5/8h 89.67 (108%)  (2.1%)  (10.0%)  (223%)
92.74 100.52 113.31 125.40

3/4h 106.14 (12.6%)  (5.3%) (6.8%)  (18.1%)
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Fig. 9 Comparison of bearing capacity of numerical
simulation and theoretical solution for A2 disc spring
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Table 4 Bearing capacity results of B3 disc spring

FKIRTI/KN

AR B /mm
N 3 b=1 mm b=2mm b=3 mm b=4 mm
18.65 2024 21.13 23.05
1/81 20.87 (10.6%)  (3.0%) (1.2%) (10.4%)
33.50 36.28 37.66 41.02
1/4h, 37.23 (10.1%)  (2.6%) (1.1%) (10.1%)
47.41 51.23 52.87 57.47
3/8hg, 52:30 (94%)  (2.0%) (1.1%) (9.9%)
59.48 64.14 65.80 71.41
1721 65.06 (8.6%)  (1.4%) (1.1%) (9.8%)
69.50 74.72 76.24 82.98
5/81, 7561 (8.1%)  (1.2%) (0.8%) (9.7%)
78.16 82.82 84.73 92.80
3/4h; 84.84 (7.9%)  (2.4%) (0.1%) (9.4%)
85.36 90.24 91.63 102.47
7/8h, 93.60 (88%)  (3.6%) (2.1%) (9.5%)
", 10127 9122 964:2 98%5 110;)43
(92%)  (4.8%) (3.0%) (9.0%)
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Table 5 Geometry of disc springs for validation

Al’ 112 57 5.60 2.90 8.50
A2’ 140 72 7.50 3.70 11.20
A3’ 200 112 11.25 4.95 16.20
A4’ 225 112 11.25 5.75 17.00
B1' 112 57 3.45 3.75 7.20
B2’ 180 92 5.50 5.60 11.10
C1’ 180 92 6.40 4.60 11.00
c2’ 225 112 7.40 6.20 13.60
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Fig. 10 Comparison of three load-displacement curves
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Table 6  Errors of the modified formula for disc springs

AN
G5 JLRE/mm 0.25h) 0.5h) 0.75h) BRRFE%)  BIRRIEX NI
e M BIE RE OBNE OB BIE RE M R BIE RE

1 1428 14.15 0.89 2677 2645 121 3741 3674 1.79 3.8 0.847)
Al 2 16.54 1627 1623 124 3091 3052 3009 141 4371 4122 4043 192 2.87 0.86/)

3 1822 17.93 156 3419 3351 198 46.16 4511 227 2.69 0.87H,

1 2743 27.14 1.06 5574 5508 1.19 79.01 7775 159 2.16 0.821)
A 2 31.90 3243 3198 138 5997 5926 5835 1.54 8525 8692 8537 1.78 2.45 078

3 37.02 3634 1.84 6833 66.90 2.10 9535 93.14 232 253

0.8174)




8 T ® h %
Hk 6
TRES1/KN
%5 P /mm 0.251, 0.5/, 0.75h,, BRKRFEE/%) KRz N AR
PG OB BIE WE OIS B BIE RE ML B BIE RE
1 60.68 59.65 1.69 10921 107.15 1.89 159.72 156.08 2.28 3.05 0.82A)
A4 2 6450 66.48 6542 1.60 12072 12894 126.16 2.16 171.05 178.64 17435 2.40 3.12 0.83)
3 7484 7347 184 16547 161.62 2.33 193.93 186.87 3.64 3.74 0.851,
1 839 821 2.09 1353 1324 213 16.88 1648 237 241 0.741)
BI' 2 8.19 10.07 988 186 1386 1543 1517 1.69 17.75 1875 1835 2.13 236 0.77H,
3 12.17 1189 228 1785 17.39  2.61 4432 4320 253 2.65 0.781,
1 1638 1596 2.56 2723 2639 3.06 3422 33.10 328 3.67 0.79h
B2’ 2 17.87 17.54 17.11 247 2977 2892 2808 291 3750 36.17 35.06 3.08 2.79 0.71H
3 1890 1834 296 3095 2987 3.49 3853 37.13 3.62 3.74 0.761,
1 13.11 1291 1.56 1960 1924 1.82 2220 2161 227 235 0.731)
cr 2 1535 1496 1477 126 2339 2185 2149 1.67 2644 2417 23.64 2.19 226 0.71H)
3 1645 1623 136 2376 2334 1.79 2623 2565 215 231 0.691,
1 20.00 1943 2.84 3137 3038 3.16 3731 3588 3.67 3.85 0.77h,
c 2 2358 2171 2134 1.69 3742 3355 32.87 201 4458 39.86 3870 2.89 3.24 0.80A)
3 2407 2345 261 36.85 3558 3.44 43.08 4130 4.13 438 0.837,
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Fig. 12 Experimental validation result
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