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Dynamic load predictive model for aircraft taxiing
excitation and landing impact
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Abstract: To accurately predict the dynamic load effect of the aircraft on the airport runway, full-
scale virtual prototype models of seven representative civil aircraft types were developed using
ADAMS/ Aircraft. Multi-state ground movement simulations of the aircraft were conducted,

including the taxiing excitation under different taxiing speeds and runway roughness conditions
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during the takeoff stage, and the landing impact under different sink rates and pitch angles during
the landing stage. Dynamic load coefficients under different conditions were calculated, and the
influence rules of multiple factors were revealed. A predictive model for the dynamic load
coefficient was established through mechanical derivation and regression analysis. The sum of the
mean value and three times the standard deviation of the dynamic load coefficient of taxiing
excitation was taken as the upper limit value, and the most unfavorable conditions of taxiing
excitation and landing impact were analyzed. Research results indicate that the dynamic load
coefficient of aircraft taxiing excitation follows a normal distribution. The mean value decreases
with the increase of taxiing speed, and the standard deviation increases with the increase of
runway roughness and taxiing speed. The fitting accuracies of the predictive models for the mean
value and standard deviation of the dynamic load coefficient are higher than 0. 997 and 0. 948,
respectively. Under the most unfavorable condition, the sensitive speed and the maximum
dynamic load coefficient of the aircraft increase with the aggravation of the deterioration degree of
runway roughness. Under the combined action of lift and runway unevenness, the maximum
dynamic load during aircraft taxiing is greater than the static load. The peak value of the dynamic
load coefficient of aircraft landing impact significantly increases with the increase of sink rate and
slightly decreases with the increase of pitch angle. The fitting accuracy of the predictive model for
the peak value of the dynamic load coefficient of landing impact is higher than 0. 971. Because the
maximum landing weight of the aircraft is less than the maximum takeoff weight, the maximum
impact dynamic load during normal landing is less than the maximum dynamic load during takeoff
taxiing. However, when the aircraft approaches the limit sink rate, the maximum impact
dynamic load is higher than the maximum dynamic load of taxiing. Thus, it is necessary to
consider them simultaneously when analyzing the most unfavorable condition. The established
predictive model for aircraft dynamic loads can provide more reasonable load parameters for
runway design and analysis.
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Table 1 Main geometric characteristics of typical aircraft
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Table 3 Lift parameter of typical aircraft

HLEY BB/ m? | PR/ m | MIERE
A320neo 143. 48 4.54 1. 269
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Table 5 Mean values and standard deviations of aircraft MLLG dynamic load coefficient
AR/ (km « h™ 1) F 8 74 42 2 80 R K0 7 B8 b ol 22
HLAY C 50 100 150 200 250
MDLC OpLC HDLC OpLC HMDLC ODLC HDLC ODLC HDLC OpLC
0.1 0.986 7 0.011 4 0.947 6 0.0135 0.883 2 0.015 3 0.796 5 0.020 4 0.689 3 0.025 2
0.3 0.986 9 0.014 9 0.948 1 0.020 6 0.882 6 0.023 9 0.794 2 0.029 3 0.687 6 0.036 0
A320neo
0.5 0.986 1 0.022 2 0.947 2 0.023 6 0.882 3 0.032 8 0.794 3 0.044 6 0.687 3 0.051 6
0.9 0.988 3 0.029 1 0.945 8 0.035 2 0.881 8 0.041 9 0.791 3 0.058 0 0.684 5 0.067 1
0.1 0.980 2 0.011 9 0.923 4 0.015 0 0.8317 0.015 9 0.706 0 0.017 8 0.553 5 0.018 6
0.3 0.979 5 0.014 8 0.924 0 0.019 7 0.8319 0.022 9 0.706 4 0.025 3 0.5517 0.026 8
B737-800
0.5 0.980 2 0.025 2 0.925 5 0.032 0 0.832 7 0.035 6 0.705 6 0.038 6 0.553 8 0.039 6
0.9 0.980 8 0.027 7 0.921 3 0.036 9 0.8319 0.047 7 0.707 1 0.050 9 0.553 6 0.055 9
0.1 0.989 8 0.010 4 0.966 7 0.012 9 0.912 1 0.017 6 0.844 6 0.018 6 0.747 0 0.020 3
0.3 0.989 6 0.017 6 0.967 9 0.021 9 0.913 1 0.024 1 0.845 6 0.028 3 0.747 5 0.033 8
B757-200
0.5 0.990 2 0.021 5 0.967 2 0.028 7 0.913 1 0.029 5 0. 846 6 0.0350 0.749 9 0.041 1
0.9 0.989 3 0.027 7 0.966 8 0.0315 0.912 4 0.038 2 0.849 7 0.046 5 0.7515 0.053 2
0.1 0.982 5 0.007 7 0.931 5 0.014 7 0.847 3 0.021 1 0.732 9 0.024 5 0.597 2 0.030 1
0.3 0.982 5 0.015 9 0.930 9 0.027 7 0.846 7 0.038 9 0.732 5 0.042 8 0.596 9 0.053 7
B787-8
0.5 0.982 2 0.023 9 0.9310 0.037 9 0.846 9 0.051 5 0.7331 0.056 2 0.597 4 0.063 3
0.9 0.982 9 0.042 1 0.931 2 0.055 7 0.846 7 0.069 6 0.7315 0.075 9 0.596 3 0.086 4
0.1 0.989 3 0.008 1 0.959 4 0.015 3 0.908 2 0.017 1 0.835 3 0.018 9 0.739 0 0.022 3
0.3 0.989 9 0.014 8 0.958 9 0.028 1 0.907 2 0.032 5 0.834 8 0.036 4 0.7375 0.040 2
A330-200
0.5 0.989 9 0.018 8 0.959 7 0.039 7 0.908 6 0.042 0 0.836 2 0.046 9 0.739 0 0.052 0
0.9 0.989 4 0.026 1 0.959 6 0.045 3 0.907 1 0.058 1 0.8351 0.061 6 0.738 0 0.066 5
0.1 0.976 0 0.006 6 0.918 1 0.0115 0.823 6 0.016 4 0.695 1 0.021 3 0.546 1 0.027 5
0.3 0.975 6 0.012 3 0.917 8 0.022 8 0.823 3 0.030 8 0.694 3 0.041 3 0.545 2 0.044 8
B777-300ER
0.5 0.975 8 0.016 5 0.918 1 0.033 9 0.823 8 0.042 5 0.695 0 0.054 0 0.544 6 0.058 7
0.9 0.975 7 0.025 1 0.918 0 0.047 0 0.822 8 0.058 6 0.694 5 0.063 9 0.544 2 0.069 9
0.1 0.986 2 0.007 4 0.947 0 0.009 2 0.881 2 0.010 3 0.793 6 0.0115 0. 680 3 0.013 8
0.3 0.985 9 0.014 7 0.947 7 0.019 5 0.880 9 0.020 9 0.793 6 0.024 0 0.681 8 0.024 4
B747-400
0.5 0.986 2 0.016 5 0.946 5 0.020 1 0. 880 6 0.024 7 0.793 2 0.026 6 0.679 9 0.027 9
0.9 0.986 0 0.023 8 0.947 2 0.027 9 0.879 9 0.034 6 0.794 2 0.0355 0.680 6 0.040 2
opc =k /Co (25) Coreu = pore + 30 (26)
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Table 6 Predictive model of upper limit value of aircraft
dynamic load coefficient
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Fig. 14 Maximum dynamic load coefficients during aircraft

taxiing under different pavement roughness level
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