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Impact Resistance Performance Analysis of Titanium Alloy Filter

Hou Zongzong, Sun Yaojun, Liang Chen, Zhang Hui
(Luoyang Ship Material Research Institute, Luoyang 471039, China)

Abstract; Taking the ballast water filter on ship as research object, the impact resistance was analyzed by dynamic
design analysis method. In order to verify the correctness of the calculation results of impact resistance, the impact
response spectrum was converted into positive and negative triangular wave loads by time-domain analysis method for
impact calculation. At the same time, different materials were used for impact analysis to analyze the impact resistance
of the filter. The results show that the dynamic design analysis method and the time-domain analysis method have the
similar impact stress and its distribution, which confirms the reliability of the impact resistance calculation. The stress
response in the vertical direction is the largest, followed by the horizontal, and the smallest is in the longitudinal direction.
The largest failure factor of ZTi60 alloy filter is 0. 347, which meets the design requirements of GJB1060. 1—1991.
The stress distribution of different materials filters are basically the same under the same impact, and the impact
resistance of the filter from high to low is ZTi60 alloy, TA2 pure titanium, QAI10-5-5 copper alloy.
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Fig. 1 Curve of time-domain under triangular load
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Fig. 2 Three-dimensional mode of filter
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Fig. 3 Mesh model of filter
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Table 1  Impact acceleration of filter in different directions
Direction Frequency/Hz M,/ Ay/mes”?
435. 656 0.043 49 960. 978
Horizontal
1155.750 0.007 53 977.948
449. 439 0.041 22 2405. 081
469. 277 0. 007 01 2445. 496
Vertical
1084. 270 0. 004 60 2448.394
1139. 460 0. 005 58 2447.218
469. 277 0.002 21 489. 099
Longitudinal 875.114 0.001 94 490. 319
951.981 0.055 45 477.731
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127.01 204.83 70.690
1A 179.23 61.855
95.259 153.62 53.019
79.384 128.02 44.184
63.508 102.42 35.348
47.633 76.815 26.513
31.758 51.213 17.678
15.882 25.610 8.8421
0.0068 0.0067 0.0067
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Fig. 4 Impact stress distribution nephograms of filter in different directions obtained by dynamic design analysis method :

(a) horizontal; (b) vertical; (¢) longitudinal
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Fig. 5 Curves of time-domain of filter under triangular wave load in different directions: (a) horizontal; (b) vertical; (c¢) longitudinal
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Stress/MPa Stress/MPa
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32.323 56.250
21.549 37.500
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Fig. 6 Impact stress distribution nephograms of filter in three directions obtained by time-domain analysis method :

(a) horizontal; (b) vertical; (c¢) longitudinal
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Table 2 Properties of different materials

TA2 ZTi60  QAI10-5-5
Density/kg - m 4505 4530 7650
Poisson ratio 0.34 0.34 0.25
Modulus/GPa 103 110 105
Yield stress/MPa 320 590 275
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Stress/MPa Stress/MPa

208.20 204.83
182.18 179.23
156.15 153.62
130.13 128.02
104.10 102.42
78.076 76.815
52.051 51.213
26.026 25.610

0.0012 0.0067
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90.081
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30.029
0.0033
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Fig. 7 Impact stress distribution nephograms of filters with different materials in vertical direction obtained by dynamic design

analysis method: (a) TA2 pure titanium; (b) ZTi60 alloy; (c¢) QAI10-5-5 copper alloy
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Table 3 Impact resistance of filters with different materials

TA2 ZTi60 QA110-5-5
0/ MPa 208. 26 204. 83 240. 21
n 0. 66 0.347 0.873
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