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The proposed method in this paper. termed the substructural reanalysis techique, util-
izes the computational merits of the component mode synthesis technique and of
reanalysis technique for the design sensitivities of the dynamic characteristics of sub—
structurally combined structure. It is shown that the dynamic characteristics of the en-
tire structure can be obtained by synthesizing the substructural eigensolution and the
charcteristics of the eigensolution for the design variables of the modifiable substruc-
tureﬁ) 9)*24)‘

In this paper. the characteristics of the eigenvalue problems obtained by this proposed
method are compared to exact eigensolution in terms of accuracy and computational effi-
ciency. and the advantage of this proposed method as compared to the direct applica-
tion of the whole structure and experimental results is demonstrated through examples
of numerical calculation for the dynamic characteristics(natural freguencies and mode
shapes) of a flexible vibration of thin cylinderical shell with branch shell under 2-end
fixed positions, boundary condition.

Thin cylinderical shell of overall length 1280mm . external diameter 360mm_ thick-
ness 3mm with branch shell is made of mild steel.

The load condition for dynamic response in this paper is impulsive load of which
magnitude is 10kgf. which have short duration of 0.1 sec. and time interval applied
to calculate, 4T is 1.0x10 * seconds.
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Table 1. Particulars of the cylinderical shell with branch shell
(a) Main cylinderical shell(Sub-1)

Model for numerical analysis Model for experiment
Length 1280. mm 1268.5 mm
Radius 180. mm 180. mm
Thickness 3. mm 3. mm
Material mild steel mild steel
Young Modulus 2.1x10%g/mm’ 2.1x10%g/mm’
Density 7.85¢/em’ 7.85g/cm’
Circumferential division 32 12
Length division 8 6
(b) Branch cylinderical shell(Sub-1/-1 ")
Model for numerical analysis Model for
(Sub- 1) (Sub-1 ") experiment
Length 300. mm 500. mm 297. mm
Radius 81.28 mm 81.28 mm 80. mm
Thickness 3. mm 3. mm 3.5 mm
Material mild steel mild steel mild steel
Circum - ferential division 32 32 12
Length division 8 8 6
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Table 3. Natural frequencies of each cylinderical Shell (Unit : H,)
branch modfied main shell | main shell main shell main shell
Mode shell branch shell with branch | with modified | with modified
m-n } (Sub- | +1) branch branch
(sub-1) (Sub-1 ") (Sub- ) (Sub-1"+1) | (Sub- 1"+ 1)
2-1 (1st) 610.27 367.06 10.60 10.75 9.02 9.18
2-1 (2nd) 612.55 371.38 33.57 32.35 28.36 29.48
3-1 (3rd) 900.23 563.63 35.45 33.26 29.22 30.82
3-1 (4th) 908.83 565.08 61.02 58.99 43.71 45.43
End1(5th) 1281.3 852.14 63.46 61.87 59.78 61.79
End2(6th) 1281.3 860.66 101.81 105.43 101.34 104.62
-1 (7th) 1637.5 1061.9 123.91 126.49 102.71 105.15
4-1 (8th) 1638.3 1066.9 170.37 136.34 117.65 122.71
3-2 (9th) 1676.5 1108.9 170.95 171.45 163.50 171.44
3-2(10th) 1676.7 1128.4 197.71 197.38 179.46 184.08
4-2(11th) 1978.8 1548.2 238.11 204 .08 184.88 190.56
4-2(12th) 1982.4 1594.2 239.55 238.45 190.72 201.15
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Fig. 5. Real of transfer function at 1 point.
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where. m and n define the nodal arrangements around the circumference and along cylind-

erical shell. respectively.
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Fig. 16. Distortion and natural frequencies of thin cylinderical shell in vacuo using 8-node quadrila-
teral shell elements” where, m and n define the nodal arrangements around the circumfer-
ence and along the cylinderical shell, repectively.

Table 4. Max. value of nomalized displacement for time at max

Node Displacement Maximum Time at S
Number Component Value Maximum
35 1 1.7432E-01 2.0000E-02
35 2 3.7841E-05 3.8000E-02
35 3 1.0397E-01 2.0000E-02
35 4 8.7042E-04 1.9000E-02
35 5 7.2071E-01 2.0000E-02
Table 5. Max. absolute value of displacement from each time steps
x-dir. y-dir. z-dir. x-Tot. y-rot. z-rot.
(normalized) | (normalized) | (normalized) (deg.) (deg.) (deg.)
Node No. 192 199 153 189 189 189
Maxima 6.09E-1 2.63E-1 2.51E-1 2.39E0 2.31E0 4.21E0
Time sec. 0.02 0.02 0.02 0.02 0.02 0.02
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10 ‘22 3ted 3512184 0.01-0.14}01] TEES ZdYste] e 7 Ry 2o B
Helelk 3A Wl S99 time history® Fig. EXR7} FREO HE A trmoﬂ e 23
17-2890 Melth @, 358NN BA WF  Fusel BRe wALY, 7wy pre) B
SE9 T E Table 4,50 2t} = W3S ThA] A sk Alsy 7]‘@—% A2 st
3o, branch 4% 7t 33 9% 4 72
e 1H JE " MY 7.34% u% FEM
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Fig. 17. Normalized displacement time history
for x-axis at node #35.
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Fig. i9. Normalized displacement time history
for z-axis at node #35.
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Fig. 21. Time history of rotational displace-
ment for y-axis at node #35.
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Fig. 18. Normalized displacement time history
for y-axis at node #35.
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Fig. 20. Time history of rotational displace-
ment for x-axis at node #35.
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Fig. 22 Time history of rotational displace-
ment for z-axis at node #35.
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Fig. 23. Normalized displacement time history
for x-axis at node #121.
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Fig. 25. Normalized displacement time history
for z-axis at node #121.
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Fig. 27. Time history of rotational displace-
ment for y-axis at node #121.
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Fig. 24. Normalized displacement time history
for y-axis at node #121.
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Fig. 26. Time history of rotational displace-
ment for x-axis at node #121.
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Fig. 28. Time history of rotational displace-
ment for z-axis at node #121.
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