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A study of incomplete similar models for tyre fragment impact
on fuselage structures
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Abstract: In order to reduce the cost for the impact test of the full-size airframe structures, an incomplete similar model was
established by the similarity theory. Based on dimensional analysis, the correction relation for the Johnson-Cook linear strain-
rate function was formulated. Due to the limitation of manufacturing technology, the effect of the incomplete similar model
with distorted thickness on similarity behaviors should be taken into account, so an exponential function was adopted to
establish the correction formula for the distorted thickness model. The validity of the simulation model was then verified by
comparisons relevant to the deformation on the fuselage, the strain-time curves of target plates and the final deformation
profile. In addition, the influences of fragment angle, material property, distortion thickness and light weight on the
deformation behavior of the fuselage structure were analyzed. The following main results were obtained. (1) Under the impact
velocity of 150 m/s, the most severe impact conditions appear at the impact angle of 90° and the fragment attitude of 180°; by
considering various factors, the 3.5-mm-thickness titanium alloy plate is regarded as the best choice for fuselage structures, and

it is used as a full-size prototype to verify the similar method. Besides, it’s worth noting that an unconventional phenomenon
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takes place at the impact angle of 30°, while a reasonable explanation is given. (2) The effect of strain rate on the impact of tire
fragments on the fuselage structure is not notable, so the incomplete similar model is in good agreement with the prototype
results. (3) The incomplete scaled-down model corrected by this method can effectively predict the deformation behavior of
prototype fuselage subjected to the impact of tyre fragments. Although there is a certain deviation between the model and the
prototype on the time scale, on the spatial dimensions, the incomplete scaled-down model can effectively correct the prediction
error for the maximum center deformation caused by the distortion thickness, and the corrected maximum error is less than
5.1%, indicating that the method can effectively guide the design for airframe structures.
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Table 1 Material parameters of fuselage’®!

ok p/(g-em™) E/GPa u A/MPa B/MPa N C m
Al 2024 2.71 72 0.33 225 406 0.34 0.015 1.0
Ti-6Al-4V 4.45 110 0.41 862 331 0.34 0.012 0.8
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Fig. 1 Deformation morphologies of the rubber tire fragment with the initial impact velocity of 135 m/s at the impact angle of 30°
after its impacting on an aluminum alloy target at different times obtained by high-speed photography!® and simulation
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Fig. 3 Time history of strain at the central point

F2 BRPORRARENIEERY SRIERNIL

Table 2 Comparison of the residual deformations at the centers of the target plates between experiment
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Fig. 4 Spatial positions of the fragments with different attitudes impacting into target plates
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Table 3 Response parameters at the centers of square aluminum plates
under different impact conditions
BIC) /%) v/(m-s™) R Fc R HR B /mm IR )% mm Jik 5i/ms
30 7.82 2.04 1.028
30
120 7.28 3.16 1.300
60 12.1 7.80 1.178
60 _ 150
150 14.6 10.4 1.420
90 15.0 10.2 1.260
90
180 17.2 13.6 1.450
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Fig. 5 Residual deformation profiles of target plates Fig. 6 Deflection time history at the center points of target plates
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Fig. 7 The finite element model for a tire fragment Fig. 8 Time histories of the maximum instantaneous deflections
impacting the fuselage at the centers of the fuselages
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Fig. 9 Equivalent stress and plastic strain of the fuselage structures at the instant of the maximum transient deformation
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Table 5 Comparison of the maximum displacement between the model and the prototype

Xif FL VR e H 7 HUHR L /mm SR b R (mes™) AR HERE /om PREMI R 22/% BRI TE T/ (mes™)

Ji 1 3.500 7.28

1/10 0.350 7.13 2.06 151.9
" 1/8 0.438 150 725 0.41 151.7
fHiAY

1/5 0.700 7.26 0.27 151.4

12 1.750 7.17 1.51 150.6
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Table 7 Comparison of the maximum deflection between the prototype and models
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