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Abstract

This research aims to establish the finite-element modeling techniques for computational modal analyses of
liquid propellants and flange joints of launch-vehicle structures. MSC.NASTRAN is used for the present
computational modal analyses of the liquid-propellant tank and the small-scaled first-stage model. By means
of the correlation between the measured and computed natural frequencies, the finite modeling techniques for
liquid propellants and flange joints of launch-vehicle structures are established appropriately. This modal
analysis using the virtual-mass method predicts well the bell mode of the liquid-propellant tank containing
liquid. In addition, the present computation using RBE2 elements for modeling of flange joints predicts the
first and second bending-mode frequencies within a relative error of 10%, which is better than the measured
frequencies obtained from the modal test, for the small-scaled first-stage model containing liquid.
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Table 1 Geometric parameters of acrylic tank [9] Mol EAsh TaA zolEe & Au= Fig 37

Diameter, D 600 mm | Length, L 1200 mm
Thickness

Skin, tside 5 mm

Top and Bottom, teap 60 mm

<+ tside

Hwater

Fig. 1 Schematic diagram of
the liquid propellent tank [9]

Table 2 Material properties of acrylic [9]

Before After

correction correction
Elastic modulus 3.1 GPa 4.8 GPa
Poisson’s ratio 0.315 0.315
Density 1189 kg/m’ 1189 kg/m’
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Fig. 2 Schematic diagram of the small-
scaled first-stage model
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Fig. 3 Bodies of the small-scaled first-stage model
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Fig. 4 Flanges of small-scaled first-stage model
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Table 3 Geometric parameters of flange (t*)

Upper flange Lower flange

Fuel tank 10 mm 5 mm
Centerbody 5 mm 5 mm
Oxidizer tank 5 mm 10 mm
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Fig. 5 Finite element model for the small-scaled
first-stage model

Table 4 Summary of finite element modeling

Number of elements (Total: 25,104)

Fuel tank 7,680 | Oxidizer tank 11,520
Centerbody 5,472 | Bolt (RBE2) 432
Element size, mm
Minimum 2.5 | Maximum 5.0
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RBE2 elements
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Table 5 Modal analysis results: filling ratio= 0%

Mode 3rd 4th 5th
Modal test [9], Hz 134.8 146.5 187.1
NASTRAN, Hz 137.4 138.1 192.9
Error, % 1.9 -5.7 -3.1

5th mode

3rd mode

4th mode

Fig. 11 Mode shapes of a liquid propellent tank
(filling ratio= 0%)
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Table 6 Modal analysis results: filling ratio= 50%

Mode 1st Bell Bending
Modal test[9], Hz 33.0 117.2 145.0
NASTRAN, Hz 35.2 121.7 151.2
Error, % 6.7 3.9 4.3

Pey,
H
L

1st mode Bell mode Bending mode

Fig. 12 Mode shapes of a liquid propellent tank
(filling ratio= 50%)
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Table 7 Modal analysis results in terms of filling
ratio (units: Hz)
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Table 8 Modal test and analysis results
(filling ratio: 0%)

Bending modes First Second
Number of joints: 24

Modal test, Hz 154.3 424.3

MSC.NASTRAN, Hz 151.8 414.9

Error, % -1.6 -2.2
Number of joints: 12

Modal test, Hz 151.4 420.7

MSC.NASTRAN, Hz 140.0 399.4

Error, % -7.5 -5.1
Number of joints: 6

Modal test, Hz 140.7 420.0

MSC.NASTRAN, Hz 117.3 364.2

Error, % -16.6 -13.3

Table 9 Modal test and analysis results
(filling ratio: 25%)

Bending modes First Second
Number of joints: 24
Modal test, Hz 123.6 373.6
MSC.NASTRAN, Hz 121.4 396.1
Error, % -1.8 5.7
{
151.8 Hz 414.9 Hz

(a) 1st bending mode  (b) 2nd bending mode

Fig. 14 Predicted bending mode shapes
(filling ratio: 25% & Num. of joints: 24)
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