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Fracture Strength for Bonded Interface of
Al/SUS Structural Transition Joint

YAJIMA Hiroshi, KHO Yunbo, NISHIKAWA Kazuto, YAMAMOTO Motomichi,
KawaIcHI Katsumi, KAWANO Takayuki and INOUE Katsuaki

SUMMARY

Tanks of a spherical tank type LNG carrier are supported by cylindrical shells by the name of “skirt”.
On the one hand aluminum (Al) alloy (A5083) is used for the upper part of this skirt, on the other hand
stainless steel (SUS) is used for the lower part. In this case, because Al and SUS are not able to be
welded directly, therefore Al/SUS STJ (Structural Transition Joint) is used to connect these two kinds of
materials.

Recently, at Nagasaki Research & Development Center, Mitsubishi Heavy Industries, Ltd., the vac-
uum roll bonding method for producing the new-type AI/SUS STJ industrially is developed and investi-
gated instead of clad material produced by explosive welding method.

In this paper, in order to quantify the fracture strength of this new-type Al/SUS STJ produced by the
vacuum roll bonding method, a series of round bar tension tests and cruciform welded joint tension tests
were performed by using the three kinds of STJ produced under the three conditions. And, in order to in-
vestigate the fracture strength and breaking type of this new-type STJ in more detail, three-dimensional
elastoplastic FEM analysis was performed. As a result of the investigations described above, the follow-
ing conclusions were obtained:

(1) The faying surfaces of all three kinds of Al/SUS STJ used for the tests have almost equal strength
as the tensile strength of Al alloy (R.T. : about 110 N/mm’, — 165°C: about 150 N/mm?).

(2) The faying surfaces of all three kinds of Al/SUS STJ used for the tests have the about 3.8 times
strength safety factor at—165°C compared with the overestimated design stress for the skirt of the
spherical tank type LNG carrier.

(3) Plastic deformation of Al alloy part just on the faying surface is restrained by SUS having the
higher strength and rigidity because Al and SUS are bonded directly, therefore very high axial stress
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and hydrostatic stress occurred on this Al alloy part of the AI/SUS STJ produced by vacuum roll

bonding method.

(4) This new-type Al/SUS STJ can show the enough strength, because all kinds of fractures are able to

occur only after the Al alloy part just on the faying surface is deformed sufficiently.
(5) All three kinds of Al/SUS STJ used for tests are certified to be practicable for the tank skirt part of a
spherical tank type LNG carrier from the viewpoint of the fracture strength.
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Table 1  Chemical composition of materials for STJ

(a) Aluminum alloy (wt%)
Material Si Fe Cu Mn Mg Cr Zn Ti
A3003P-H14 | 0.26 | 0.65 | 0.15 | 1.05| 0.00 | 0.00 | 0.01 | 0.02

AJ00SP-O 0.25 | 0.64 | 0.15 | 1.05 | 0.00 | 0.00 | 0.01 | 0.02
(Reference)

(b) Stainless steel (wt%)
[ Maeral [ C | S | Mn ] P [ S [ Cr T Ni |

[ SUS304L_| 0.013 | 050 | 1.01 | 0.025 | 0.001 | 18.47 | 9.66 |

Table 2 Mechanical properties of materials for STJ

Tensile 0.2% El
Material Strength | Proof Stress| (o]
[N/mm2] [N/mm?]

A3003P-H14 1562 142 17
A3003P-O _

(Reference) 109 o1
SUS304L 560 217 58
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Table 4 Weldi diti
Table 3 Results of round bar tension test o = e EIoTS
Tensil Material (w:|lgii:g uaet‘:::l) s Cu[ﬁm vo[l\lzge s(cp:rﬁf Hﬁ/&ﬁ)}m ;2:2.3{'?;]
Specimen| Diameter e Breaking Semi-automatic | 1 | 280 52~55 [8.86~10.04] 24~25
Strength . Al | MIGWelding [2~6| ~ |29~30| 65~B0 | 6.09~8.03] 38~49
Mark (mm) (N/mm?) Location (A5183WYN') [ 7| 290 115~119] 4.09~4.54 | 37~47
Semivautoma_ﬁc 1 180 40 7.83 30~33
A2 10.01 133 Al Part sus c%\,‘p’_%g;‘ﬁ'-‘?',"g 2~4] 200 | 2% s0~at | 764925 as~ao
A5 10.01 136 Al Par‘t “Nippon Light Metal **Kobe Steel
VA A1 10.01 131 Faying Part
A3 10.01 127 Faying Part )
A4 10.01 129 Faying Part S
CKNEess . mm
A6 | 10.01 126 | Faying Part ‘
B2 | 10.01 128 Al Part AS083 g 33 36 ’038 :’f
B5 | 10.01 130 Al Part TS 13 N
VB B1 10.01 127 Faying Part Eé\g/ 18 0]
B3 10.01 125 Faying Part A3003P-H14 T
B4| 1001 | 126 | Faying Par sussoaL 80 aﬁI
B6 | 10.01 129 Faying Part ;[E
C2| 10.01 128 Al Part o W
C5| 10.00 | 135 Al Part SUSS04T-1 & 24 [mm)
Ve Cé6 | 10.00 135 Al Part
C1 10.00 130 Faying Part (*Rolling Compressive Rate)
C3| 10.01 130 Faying Part
ca | 10.01 134 Faying Part Fig.5 Cruciform welded joint specimen for tension test
Table 5 Results of cruciform welded joint
,\/\ tension test
Faying Surface Max. R
N | Specimen | Length between| Temp. | Tensile | Breaking Type
No. Notch Tips [C] Load
S . (A-2a) [mm] (kN] L R
S/ . 5 VA2 29.0 RT. | 108 [ @ | @
5 VA1 49.3 RT. | 1838 | @ | @
4 gl VA-4 59.1 RT. | 219 @ @
2 VA| VA6 39.9 165 | 196 | ® | @
VA-3 49.8 -165 | 248 | @ [|@+®
VA7 58.8 -165 | 253 [©) [©)
VA-5 59.6 165 | 284 | @ | ®
VB-2 29.9 R.T. 10 | @ @
> ]\ [/ VB-1 49.6 RT. | 177 | @ [®@-@
);% 3 VB-4 60.6 RT. | 199 |®-@|®-®@
4 4 VB | VB-6 39.7 -165 | 204 @ @
VB-3 50.1 165 | 245 | @ | @
,\/\ SUS304 VB-7 59.1 465 | 217 |0~@| @
VB-5 59.6 -165 | 258 [@—Q@|®—-@
Fig.4 Groove shape and pass sequence VG2 290 RT. |10 ] @ ] @
VC-1 50.2 R.T. 181 @ @
VC-4 59.0 RT. | 206 | @ @
2 A A g 0 S VC|VC-6 39.9 -165 | 201 | @ | @
s 1‘%%[@(&.%#&%%%1’? L72o %, ifidk VC-3 49.6 -165 | 248 | @ |@-®@
i, BBy v 2 TR LNG D ¥ v 7 A% — b VC7| 589 65 | 258 | @ | @
CERHLTWALMER—IZ L7 (Fig. 4, Table 4 wool ooa | 06 | 2o IGial O

ZH),

— . Breaking type shifted to other breaking type

=+ @ Two breaking types occured at same time
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Table 6 Maximum load obtained from
FEM analysis and tension test

Notch Length| Max. Load, P [kN]
a [mm] FEM Exp.
0 242 =
10 210 208
15 196 180
25 104 109

Table 7 Material properties for FEM analysis

Material | gy | ome | mume | Y | " 1% | tumme)
A3003P-O | 6.86X10* 45 109 0.33 0.21 ] 0.0011 151
A5083-H321| 7.06X10* 269 360 0.33 0.21 | 0.0504 500

SUS304L | 1.94X10° 217 560 0.28 | 0.48 | 0.0646 934

SUS304 1.94X10° 284 657 0.28 | 0.48]0.0816 797

E : Young's modulus, 0 oz @ 0.2% Proof stress, o Tensile strength
v : Poisson's ratio, n : Strain-hardening rate
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Fig.13 True stress~true strain curves for FEM
analysis
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