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Abstract; The distortion similarity relation of thin-walled conical shells was established by using
the natural frequency of transition model based on least square method, aiming at the limitation of
traditional similarity model design method, dimension analysis method and equation analysis
method in some cases, a method for determining the applicable interval of distortion model was
also proposed. The boundary equation of the applicable interval of geometric structure of a single
material thin-walled conical shell with similar distortion model of different orders was obtained by
polynomial fitting method, based on the method for determining the applicable interval of
distortion model size when the model and prototype are similar in natural characteristics ( natural
frequencies are proportional mapping relationship, and mode shapes are consistent). The accuracy
of derivation of distortion similarity relation is proved by experiment verification, which provides
theoretical basis for dynamic similarity of thin-walled conical shell structure test model.
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Fig. 1 Structural diagram of thin-walled conical shell

x1 BEREER/LASH

Table 1 Geometric parameters of thin-walled conical
shell
BHIRKE  %BEp  KEL JEER PR
Pa kg:m™’ mm mm mm
2 x10" 7 850 173.2 2 200
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Table 2 Natural frequency of transition model with
different proportions

N Ay Y, ../ Hz Ay
1 0.9 1026.7 1111
2 0.95 972. 66 1.053
3 1 924. 02 1

4 1.05 880. 02 0.9524
5 1.1 840. 02 0.909 1
6 1.15 803. 50 0.869 6
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Table 3 Natural frequency of transition model with
different proportional thickness h

N Axpm Y, ./Hz Ay
1 0.9 888. 95 0.9620
2 0.95 906. 26 0.980 8
3 1 924. 02 1

4 1. 05 942. 19 1.0197
5 1.1 960. 72 1.0391
6 1.15 979. 59 1.060 1
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Table 4 Natural frequency of transition model with
different proportional axial length /

N At Y, ./Hz Ay
1 0.9423 961. 37 1.040 4
2 0.971 1 942. 41 1.0199
3 1 924. 02 1
4 1.028 9 906. 25 0.980 8
5 1.0577 886. 43 0.959 3
6 1.086 6 869. 84 0.9415
R 3 53 4 MK (10) AJ15
a,=-0.7098 , (17)
a,=0.4001 . (18)
WRAE(14) K (16) ~(18) A4
a, = -0.6903 . (19)
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o, =-0.7.
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Fig. 2 Fifth-order polynomial fitting prediction curve
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Interval boundary value of discrete point
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Table 5

C ) IX ]
C WEUE
H 2= - 100 652. 51C° +426 731.92C* -719 139. 59C°

(0.678,1.04)
[0.68,0.75,0.82,0.89,0.96,1.03 ]

BAEFE  +602903. 6C* —251 663. 13C +42 963. 05
a)p/HZ 1142.6
n<1% EHXEAMRC,, =0.9692,C,  =1.0304
c C,.=0.9692,C,.=1.0304
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Table 6 Interval boundary value of discrete point
["=0.98

C By IX[H]
C WEUE
FHBr£m - 41 532.58C° + 191 826. 56C* —351 765. 88C°
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Table 7 Interval boundary value of discrete point
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Table 8 Interval boundary value of discrete point
r=1.14
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Table 9 Interval boundary value of discrete point

r=1.23
C X [H] (0.92,1.41)
C HIUE [0.91,1.01,1.11,1.21,1.31,1.41]
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7 <1% FEHIX BB # C,y =1.209 6
c C,,=0.92,C =1.2096
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Table 10 Interval boundary value of discrete point

r=1.3
C X [H] (0.98,1.49)
C HUH [0.98,1.08,1.18,1.28,1.38,1.48]
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Fig. 3 First-order geometric applicable interval boundary
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Fig. 4 Conical shell structure and test operation chart
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Table 11 Size and material parameters of thin-walled
conical shells

WK I E #Ep

KEL BEER kEr

X4 Pa kg-m™® mm mm mm
15  7x10" 2780 130 1.5 150
25 7x10" 2780 117 1.2 115
35 7x10" 2780 108 1.3 129
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Table 12 Natural characteristics of thin-walled conical hells
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Table 13 Prediction results of natural frequencies

Bk 2 SHUE Hz 3 S HUNAE/ Hz M AR AE AL G R 2 SR E/% 3 SR/ %
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