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Abstract - To optimize the design of fuel cylinder for LNG vehicles, we introduced the design parameters
of the inner and the outer tank of the vessel support structure by analyzing the structural characteristics of
conventional design. We selected the inner and outer diameter of the hollow support bars and a dimension of
the inner structure of the vessel among the design parameters for design optimization. In this study the
temperature distribution and thermal stress of the support structure were evaluated by using the utility program
as MSC/MARC. The evaluation criteria are first mode natural frequency, total transferred energy through
support structure and thermal stress. The developed design satisfied the design criteria and it was made of
prototype. The prototype was verified through three-dimensional vibration testing and thermal performance
test.
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Fig. 1. Conventional patent design of cryogenic
tank support structure[9].
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Fig. 2. Cause effect diagram for LNG tank
design.
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Table 1. Design parameters and objectives of
detail design

Design Objectives of
Parts . .
parameters detail design
* Maximization of section
Support bar |° Diameters modulus
PP « Sectional area * Minimization of heat
transfer area
« Location of * Between support bar and
Insulator at | outer shell
insulator o
supports . . |* Maximization of thermal
* Insulator material .. .
conductivity and stiffness
* Adaptability to thermal
shrinkage
* Arrangement . .
Structure . * Space for insulation
* Reinforcement .
* Reinforcement for outer
shell support
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Fig. 3. Cross sectional view of support structures
of cylinder for LNG vehicle - (a) Fixed
support side (b) Sliding support side.
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Table 2. Finite element modeling

. Heat Transfer/Transient

Analysis type Modal Thermal-Mechanical

Dimension 3D 2D-axisymmetry

No. of 15,017 417

elements

No. of nodes 29,746 836
3D Solid Coupled/ Axisymmetry Solid/|

Element type (Hexagonal) Full Integration

32k XF 7F

Fig. 4. Analysis result : natural frequency analy-
sis of cylinder for LNG vehicle : 1st mode

natural frequency 618.9 Hz.

Analysis result : heat transfer analysis of
cylinder for LNG vehicle (2D axisymme-
try model - enlarged figure of the suppor-
ting structure part).

Analysis result
of cylinder for LNG vehicle - Von-Mises
Stress (2D axisymmetry model - total
model and enlarged figure of the sup-
porting structure parts).

: thermal stress analysis
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Table 3. Design level and design value for op-
timization of cylinder for LNG vehicle

Design Design

parameters level Remarks

Design value [mm]

D-1 | (D, Do = (21, 29)

Diameter of

support bar D-2 (Di, Dy) = (46, 54) | Middle point

D-3 D, D) = (71, 79)

R-1 R=0
Comner radius
of R-2 R =20 Middle point
blocking cap
R-3 R =40

Table 4. Design level and Performance values for
optimization of cylinder for LNG vehicle

. Performance values
Design
level
Natural frequency| Thermal Energy | Thermal stress

D-1, R-1 0.8951 Hz 2.546728x10° J | 277.8 MPa
D-2, R-2 57.84 Hz 5.050560%10° J 171.1 MPa
D-3, R-3 130.8 Hz 8.362754x10° ] 161.3 MPa
D-1, R3|  0.8946 Hz 2.528745x10° J | 161.1 MPa
D-3, R-1 131.6 Hz 8.384601x10° J | 277.8 MPa
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Fig. 7. Three dimensional vibration test : (a) Test
apparatus (b) X-directional test result (c)
Y-directional test result (d) Normal direc-
tional test result.
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Fig. 8. Thermal performance test results of cryo-
genic tanks [kgf/cmz].
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