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A stress wave propagation velocity model of standing trees
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Abstract: To improve the feasibility of nondestructive stress wave testing of standing trees, siress wave propa-
gation in healthy trees was analyzed using linear regression analysis and a mathematical model of the stress
wave propagation velocity was established. Several experiments were carried out for healthy trees of different
species, and simultaneously the tomogram imaging technology was used to validate the proposed propagation
velocity model of the stress wave. Experimental results of healthy trees showed that the linear regression rela-
tionship between the direction angle 6, the velocity (vy) for the propagation direction, and the radial velocity
(vg) could be expressed as vi/vg=-0.2 8* + 1, and the coefficient of determination R*>0.95, which demon-
strated that the proposed mathematical model was correct. [Ch, 6 fig. 3 tab. 12 ref.]
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Figure 1 Coordinate system of stress wave propagation on the cross section
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Figure 2 Position of detection
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Figure 3 Test results of the healthy ginkgo tree
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Table 1~ Stress wave propagation velocity at the height 80 ¢m in different directional angles
7 1) £ I+ 5 /m FofE
- T Hy
0 1 2 3 4 5 6 7 8 9 10 11 12 vilvg

1.40 785 797 811 769 798 757 802 872 814 751 699 778 786.08  0.635
1.12 856 956 891 997 914 958 838 954 866 847 792 971 903.33  0.730
0.84 1014 1105 1112 1052 1029 1077 968 1068 1007 934 985 1048 103325 0.835
0.56 1128 1216 1193 118 1168 1103 1097 1098 1050 1106 1138 1153 113625 0918
0.28 1175 1223 1266 1248 1189 118 1165 1201 118 1205 1220 1140 120025 0.970

0 1205 1259 1298 1229 1221 1183 1214 1249 1251 1219 1248 1276 1237.67 1.000
-028 1153 1226 1251 1179 1191 1195 1175 1183 1201 1126 1182 1189 1187.58 0.960
-056 1042 119 1126 108 1169 1162 1092 1164 1073 1099 1048 1142 1116.83 0.902
-0.84 995 1039 1001 954 1022 1107 998 1038 986 954 998 1055 101225 0.818
-1.12 859 986 847 846 950 1009 875 966 876 865 969 860 909.00  0.734
-1.40 794 871 705 816 867 755 751 814 757 792 745 711 781.50  0.631
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Table 2 Quadratic regression model of the each sensor between vy/ v and 6

[F I HE Y y=A x*+Bx+C

AF
1
28
s
do

A B c R? A BRiERR 22 F
1 -0.175 0.005 0.968 0.927 0.015 64.105
2 -0.173 -0.006 0.993 0.962 0.011 129.259
3 -0.214 0.031 0.973 0.968 0.012 152.969
4 -0.182 0.025 0.984 0.909 0.018 51.127
5 -0.167 -0.014 0.988 0.960 0.011 120.960
6 -0.182 -0.012 1.025 0.947 0.014 89.833
7 -0.180 0 0.963 0.940 0.014 79.077
8 -0.153 0.007 0.965 0.954 0.011 103.930
9 -0.175 0.005 0.941 0.906 0.018 49.269
10 -0.181 -0.006 0.954 0.901 0.019 46.256
11 -0.202 -0.021 0.962 0.915 0.019 55.147
12 -0.188 0.018 0.953 0.954 0.013 104.887
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Figure 4 Velocity trend lines of the stress wave Figure 5 Curve of the average velocity pattern
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Figure 6 Velocity trend lines of different trees
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Table 3 Relationship between vy /vy and 6 in different tree species

A R = B fem WA 4 A et R 250 R?
LA 40 y=—0.194x?+0.003x+0.984 -0.194 fidt B 0.994 8
AR 80 y=—0.181x2—0.002x+0.987 -0.181 lie353 0.992 6
T 2 Bk 40 y=—0.189x2—0.002x+1.001 -0.189 lie353 0.999 6
WA 125 y=—0.173x2+0.006x+0.999 -0.173 lie353 0.999 5
) = 40 y=—0.166x2—0.003x+1.011 -0.166 lie353 0.994 9
EiEN 120 y=—0.173x?-0.004x+0.993 -0.173 lic353 0.980 1
LIV 120 y=—0.209x?-0.003x+1.024 -0.209 fidt B 0.996 9
i) 100 y=—0.171x*+0.005x+0.994 -0.171 fidt i 0.995 6
iy JER y=—0.208x?+0.001x+0.989 -0.208 fidt i 0.993 9
R JE R y=—0.167x?-0.002x+1.004 -0.167 fidt B 0.982 9
& A JRKR y=—0.185x?-0.003x+0.992 -0.185 fidt B 0.990 2
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