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A Study on the Deformation of Type B LNG Fuel Tank
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MOMENCLATURE

M : Bending Moment

: Second moment of area

~

: Modulus of Elasticity

0 . Angular Distortion

K . Proportionality Constant

Q . Heat Input

o : Moment Arm Length ( 1/2 of Breath)
d : Diameter

a : Thickness

b : Width

L, : Original Guage Length

L, : Parallel Length

Sy : Original Cross Sectional Area

R . Transition Radius

D . External Tube Diameter

t, . Plate thickness

T : Temperature(C)

p : Density (kg/mm?)

c : Specific Heat (cal/kg*C)

t : Time (sec)

A : Thermal Conductivity (cal/mm+sec*T)
4y : Net Heat Generated per Unit Volume per unit of time by heat

sources or sinks (cal/sec*mm?®)
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ABSTRACT

A Study on the Deformation of Physical Properties of
Line-Heated for Type B LNG Fuel tank with
9% Nickel Steel plate

Lee Ji Han

Advisor : Prof. Bang, Hee—Seon, Ph.D.
Department of Welding and

Joining Science Engineering,

Graduate School of Chosun University

Container vessels continue to grow in size, led by global shipowners.
Larger ships can be loaded more cargo at a time, reducing the cost of
transportation per teu. This eventually leads to economies of scale, in
which the production cost per unit decreases with increasing output. Larger
ships, however, are cost-intensive, with a significant increase in the use of
ship fuel, and large amounts of sulfur oxides are a major source of marine
air pollution due to increased bunker C oil usage. Accordingly, in
accordance with the 70th Convention of the Marine Environment Protection
Committee of the International Maritime Organization, as of January 1,
2020, MARPOL Annex VI Regulation 14.1.3 will be effective. For vessels
that do not meet these criteria to reduce SOx emissions and reduce NOx
emissions by reducing the content of manned sulfur oxides from 3.5% to
less than 0.5%, IACS Member States Entry to the port is denied.

The introduction of LNG propulsion ships is the best alternative to meet
environmental regulations and can remove 100% of sulfur oxide emissions
compared to existing ship fuels. When the engine is in a four—stroke cycle,
it can reduce NOx by 90%, reduce particulate matter (PM) by 90%, and

reduce carbon dioxide (CO2) by 15%. It is an environmentally friendly fuel

- VIl -
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that can be greatly reduced. Recently, 9% Nickel-steel is widely used as a
fuel to store LNG condensed at low temperatures. This steel has a low
brittle ductility transition temperature, and thus has ductility at extremely low
temperatures. LNG storage tank, which is made of 9% Nickel-steel, is
manufactured by welding, and it is inevitable that the bending work by heat
is inevitable after the welding is completed. Locally existing residual
stresses caused by this heat can reduce fatigue strength or increase crack
propagation. So each shipyard is conducting research on this. Most
shipyards focus on minimizing heat through cold forming for 9%
Nickel-steel bending.

In this study, the characteristics of the material after line heating ( 600°C,
700, 800°C, 900C) of 9% Ni steel used in the manufacture of LNG fuel
tank of ship were verified using by mechanical test. In the heating method
by line heating, the initial properties of steel are changed by variables such
as temperature, time, and speed. The experimental data of line heating
presented in this paper confirmed that the initial change of 9% Ni steel

could be minimized.
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Table. 1 Implementation IMO SOx Regulation
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2 A0 MEE ME= = H= 9% Nickel 24X 722l LR Grade 9NI (LR 9NI)
A 24 & JHHE E4d2 Otci Table. 201 LIEHE

°f £H= 12mmE A ZOIULMH XUII OIS

4l

SRS
2
=

o2 MHEGIYL. 2EIJ|IHO2= FCAW (Flux Cored Arc

Table. 2 9% Nickel Steel Mechanical Properties

YP.YS TS Impact Chemical Composition(%)
Plate

(N/mmz2) | (N/mm2) W Jc |s |wm |p slcu [N |cr | Mo
9% Ni 670 718 285 0.07 | 0.22| 0.65 | 0.003 | 0 | 0.02 | 9.07 | 0.01 | 0.04
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Table. 3 Typical Welding Parameters for Butt Joint with Single V—Bevel

Collection @ chosun

Typical Welding Parameters (28 X2H)
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Heating
Torch

Fig. 2.3 Mechanism of Plate by Line Heating
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Fig. 2.6 Triangularity Heating
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Fig. 2.7 Manual Heating Torch

Fig. 2.8 Auto back Heating Torch
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Figure Tip Spec. Thickness

~ 1000 Below 10mm(Thin)

2000 10 ~ 30mmt

Fig. 2.9 Torch Tip Specification
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ftem Standard Limit Remarks

Conventional Water cooling just Under 650°C
Process after heating
AH32-EH32 &
AH36-EH36

Ajr cooling after Under 900°C
TMCP type heating
AH36-EH36

(Ceq.>0.38%)

Air cooling and Under 900°C (starting
subsequent water temperature of water
cooling after cooling to be under
heating 500°C)

TMCP type Water cooling just Under 1000°C

AH32-DH32 & | after heating or air
AH36-DH36 cooling
{Ceq. =0.38%)

TMCP type Water cooling just Under 900°C
EH32 & EH36 | after heating or air
{Ceq. £0.38%) | cooling

Mo Cr+Mo+V Mi+Cu
+ +
6 3 15

(25)

Fig. 2.10 Maximum Heating Temperature on Surface for Line Heating
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e | ; L, = original gauge length
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R = ftransition radius
L o D = external tube diameter
. | r = plate thickness
Fig. 2.17 Tensile—shear Test Specimen
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Charpy V-noich specimen size (mm) | Minimum average energy of three specimens

10x10 KV
10%.7.9 5/6 KV
10x%50 213 KV

(KV : Minimum average energy value, J)

Fig. 2.18 Minimum Absorbing Energy Value
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e

-:l_..:r'lr-r..
S Ir ekt

Fig. 2.19 Test Piece Dimension
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Table. 5 Hardness Acceptance Value (IACS UR W28)

Yield Strength HY
(ReH),

ReH <420 Max. 350 HV10

420 < ReH <690 Max. 420 HV10
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Fig. 3.4 Line Heating Temperature for Butt Weld
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Fig. 3.5 Distortion Graph of Butt Weld after Line Heating
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Table. 6 Tensile Test Results for Butt Joint

11.60 25.00 206221.12 711.11 Weld Metal

1A-1

709.78 Base Metal

11.60 25.00 205835.73

1AN-1

12.00 25.00 230714.58 769.05 Weld Metal

2A-1

749.69 Base Metal

25.00 217409.29

11.60

2AN-1

11.50 25.00 215401.29 749.22 Weld Metal

3A-1

11.20 25.00 209604.50 748.59 Base Metal

1W-1

742.67 Base Metal

11.70 25.00 217232.12

1WN-1
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3.3.2 8k AlIE

BT 2k =32 ¥AM =8 HH 2 XS HEGIRCH 2= EF 2= Ok
Table. 71t 201 20 &C. 2 =& EX= ISO 6506-1, I1ISO 6507-18 HEoIA2
O 2% =329 2 =2 JACS UR W28 (Welding Procedure qualification test of
steels for hull construction and marine structure)@ =Z0oIQCH AT =& fAXe
Fig. 3.701Ad 28 & = UX0| BEEF 4T, otF T 4SS SHoIULD SISR =
0l 2 il &0l SItct=Xl oI5t <o 2t2 0.5mm=Z 0IMl 2&E =36t
UL =zl 2& SHYU2 SSSRUM 262.58 JISSHIA2H =M #20A 2756t=
Z 318 2 g (420, HV10)2 EXl &= Z2UE BHELL Fig. 3.8 JAHZUHAN 2
B2 = AX0 B= AEY daitgs EHE L= 200-270, HV10 E& &t &2
XM Ol= 9% Ni It R7ot= =0l X 2 X €8s &€ = of Z2UE
EUZ 2 A 21 SHF2 SHLHE0 et Mol 2 25 =X bl sS=2&
= 2 = UULL
max . 0.5mm | max . 2 mm
F %2 454 10 19 12 13 14 qf"n_mnzu 222
T
R

IACS(International Association of Classification Societies) W28 Fig. 2

Fig. 3.7 Hardness Check Point for Butt joint
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Table. 7 Hardness Value for Butt Joint

Hardness Value (HV10)

1 2 3 4 5 6 7 8 9
211.02 207.06 209.04 220.9 211.0 190.2 224.9 223.9 254.6

10 11 12 13 14 15 16 17 18
FACE  200.12 203.09 201.11 203.1 206.1 257.6 238.8 251.6 262.5
19 20 21 22
203.09 214.98 218.94 213.0
23 24 25 26 27 28 29 30 31
214.98 222.91 213.00 233.8 242.7 239.7 232.8 219.9 235.8
32 33 34 35 36 37 38 39 40
sl 241.72 212.01 196.16 194.2 225.9 245.7 253.6 234.8 251.6
4 42 43 44

236.77 205.07 213.00 226.9
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Hardness Value (HV10)
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Fig. 3.8 Hardness Value Graph for Butt Joint
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Table. 8 Impact Test Results for Butt Joint with Single V-Bevel

WM

1A-4 -196°C (Face) 10x10x55 97.8 84.1 97.8 93.2
FL

1A-5 -196°C (Face) 10x10x55 107.2 97.8 111.9 105.6
FL

1A-6 -196°C + 1 mm 10x10x55 145.6 150.5 165.3 153.8
FL

1A-7 -196°C + 3 mm 10x10x55 215.3 220.3 2454 227.0
FL

1A-8 -196°C + 5 mm 10x10x55 265.2 260.3 289.6 271.7

(WM : Weld Metal, FL : Fusion Line)

Single V- Bevel

- S Dsorbrad Energyl ! leeefbsorbed Energyil jlsaebibsorbed Enargyll) ANG.

Fig. 3.10 Impact Test Results Gragh for Butt Joint with Single V-Bevel
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