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Abstract: The shipbuilding industry uses large stationary tanks to store low-pressure air, which is used to open and
close large shut-off valves. However, when supplying air from the tank to a distant valve, there are problems related to
the need for supplementary pipes and the pressure drop during transportation. In this study, a portable welded vessel for
storing high-pressure nitrogen (11 kg, 10 L, and 50 bar) was designed to prevent air leakage and improve the
convenience of workers. This pressure vessel was elliptical to reduce the number of welded parts, which are structurally
weak. The thickness and ratio of the major and minor axes of the pressure vessel were calculated to verify its structure
stability at the working pressure (50 bar), and that the proposed weight and capacity were satisfactory. The residual
stress caused by the welding process was calculated by performing a transient thermal-structural coupled field analysis
using the ANSYS parametric design language (APDL), and the fatigue life of the vessel was verified based on the
Goodman criterion.
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Optimal design of portable welded
vessel for shipbuilding

1. Design of vessel’s
thickness

2. Design of vessel’s
outer shape

Determine ranges of radius and thickness
not exceeding 11kg and 10L using Eq. (3)

The existing cylindrical shape (3peices)
- new elliptical shape (2peices)

Calculate thickness satisfied with 11kg
and 10L using Eq. (4)

Calculate dimensions of major and
minor axis satisfied with 11kg and 10L

'

Verification of structural safety
of optimal vessel using FEA

1. Analysis of weld

. 2. Structural anal
residual stress caused clural analysis

3. Fatigue analysis

Calculate weld residual
stress through transient
thermal-structural
coupled field analysis
using APDL

Structural analysis of
optimal vessel
considering weld residual
stress and working
pressure

Fatigue analysis of
optimal vessel
considering repeated
working pressure

Fig. 1 Flow chart for design of portable welded-nitrogen
vessel

Fig. 2 Stress components of an axisymmetric pressure
vessel"

(o) % Aol B el(oy ok A @ @
1;1r'(1)

91, 02_P

71 + p) - t (1)

€)

(3)Ve ol&atel A7 sUs304<l &F 10
L] &7 2HE4=(50 bar)yS F-olatolS ul, F
A3 mm~7 mm) 2 WHE (80 mm~130 mm)°] U
871 Wil 2= SH& Atete] Fig 390
UERHATE wkgel AX AL FAZE Ao S &



Mutg Ty A

A |

Table 1 Design parameters for calculating thickness of
welded pressure vessel (SUS304)

p(MPa) | r(mm) | oy(MPa) n C(mm)
5 80~130 205 0.7~1 1
iggssma) :gm :igm N t=7mm
160
120
80
40

70 90 110 130 Radius(mm)

Fig. 3 Stress trend according to the thicknesses and radii
of cylindrical pressure vessel
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i Welded part

For reducing
welded part

i Welded part

N,

The existing cylinder vessel
(3pieces)

New elliptical vessels
(2peices)

Fig. 4 A new elliptical vessel for reducing welded part
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Fig. 5 Weights of elliptical vessels according to the
ratios of major axis and minor axis when the
capacity is 10 L and the thickness is 6 mm

160mm

Fig. 6 Elliptical vessel with maximum capacity, having
the weight of 11 kg
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Reactivation of
—»]
* second bead (2_1~2_10)
Application of ¢
material property
Convection
* (~20,000sec)
Modeling )
Reactivation of
J’ third bead (3_1~3_10)
Generation of mesh ¢
Convection
¢ (~30,000sec)
Assign mumbers to ¢
each bead (1_1 ~4_10)
Reactivation of
} fourth bead (4_1-4_10)
Inactivation of ¢
all beads
Convection
* (~40,000sec)
Reactivation of ¢
first bead (1_1~1_10)
¢ Finish
Convection
(~10,000sec)

Fig. 7 Process of transient thermal-structural coupled
field analysis using APDL
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(a) Cross section of the welding part

(b) Section model

Fig. 8 3D Modeling for transient thermal- structural
coupled field analysis
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Table 2 Analysis conditions of welding process
Weld Time Cumulative
Process speed | allocation time (sec)
1 First bead 94 9.27 9.27
2 First ; 9990.73 10000
convection
3 | Second bead | 10.16 8.72 10008.72
4 | Second ; 9991.28 20000
convection
5 Third bead 10.16 8.81 20008.81
6 Third 9991.19 30000
convection
7 Final bead 10.16 8.91 30008.91
8 Final 9991.09 40000
convection
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Fig. 9 The base material with inactivated beads before
welding process

Welding Residual
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ESEL,S,TYPE, 2,5
EKILL,ALL

(a) Inactivation of beads

Thermal
*DO,L,1,10
TIME,*0.927
TIMINT,ON
NSUBST, 10
CMSEL,S,WELD2_%I%
EALIVE,ALL
NSLE,, 1
D,ALL,TEMP, 1400
*IF,I,GE,2, THEN
CMSEL,S,WELD2_%(I-1)%
NSLE,, 1
DDELE,ALL, TEMP
*ENDIF
ALLSEL,ALL
SOLVE
*ENDDO

Structural
*DO,1,1,10
I=IS+
TIME,T_POINT(II)
CMSEL,S,WELD2_%I%
EALIVE,ALL
LDREAD,TEMP,,T_POINT(II), WRS3D_TMM’,”RTH’
ALLSEL,ALL
SOLVE
*ENDDO

(b) Reactivation of beads

Thermal
TIME, 10
NSUBST, 10
CMSEL,S,WELD2_%I%
DDELE,ALL, TEMP
ALLSEL,ALL
SOLVE
TIME, 10000
TIMINT,OFF
NSUBST, 1
SOLVE

Structural
*D0,J,1,10
JI=I1+]
TIME,T_POINT(J])
LDREAD,TEMP,,T_POINT(JJ),,’WRS3D_TMM’,”RTH’
ALLSEL,ALL
SOLVE
*ENDDO

(c) Convection

Fig. 10 APDL code developed for simulating welding

process
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Fig. 11 Reactivation of inactivated beads

Natural convection (20TC)

20T

20C

First bead Second bead Third bead  Forth bead

Fig. 12 Natural convection condition (20°C) after
reactivation of each bead
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Fig. 13 Generation of mesh for transient thermal-
structural coupled field analysis
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Fig. 14 Distribution of tensile residual stress caused by
welding process

Fig. 15 Load condition (50 bar) for structural analysis of
the elliptical vessel
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Fig. 16 Result of structural analysis considering both
working pressure and tensile residual stress
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Fig. 17 Fatigue analysis of the vessel using Goodman
criteria
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Analysis Type
Mean Stress Theory
Stress Component
|| Life Units
Units Name days
1 eycle is equal to 0.2 days

Stress Life
Goodman
Equivalent (Von Mises)

(a) Definition of 1 cycle

Mean Stress Correction Theory

— Goodman

0 Yield Ultimate

Endurance

(b) Application of Goodman criteria in FEA

Fig. 18 Boundary condition for fatigue analysis of the
pressure vessel

Type: Life (days)
Time: O

.MM‘!
2e5 Min

Welded part

2% 10%days = 1 x 10%cycles

Fig. 19 The result of the fatigue analysis of the pressure
vessel
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