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USED WELDING PROCESSES | L

SMAW ¢ GMAW + FCAW « SAW - SUBMARINEVESSELS

I

I USED WELDING PROCESSES
I

I

CHEMICAL TANKERS M~ F \ N | L by
[ | I 01 | :_ | -\...._‘_I I:I

SMAW = GMAW = FCAW = SAW

LIQUID GAS CARRIERS

USED WELDING PROCESSES

SMAW « GTAW = GMAW +« FCAW = SAW

ALUMINIUMBOATS

USED WELDING PRODCESSES

GTAW = GMAW
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Strength Levels Strength Levels Strength Levels

Grades of Steels

MILDSTEELCE HIGHSTRENGTHSTEEL CE
C [%] + (Mn [%0]/ 6) C+(Mn/6)+[Cr+Mo+V)/5+([Ni+Cu)/15
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Strength/MPa

a b,
High strength war ship steels Better waldability and low welding cost
o]
a HSLEAZIS!
= HSLA-100
=
550MPa g L
. L]
HY-80 Elightdeckiof HSLA-80 CVN-74
[] aircraftcarrier] ]
Pressure hull Nimitz class
of submarine ircraft carrier
1950" s 1960° s 1980" s 1980°s 1990° s 21st Century
PR 85 B0 2 AR K [E]K i A £ A2 {5+ DQ
Before CVN73 CVN 74 CVN75-CVN 77 CVX78
HY100/HYBO/HTS HSLA100/HSLABO/HTS HSLA100/HSLABO/HTS
HYT00/HYBO/HTS afew HSLA100/HSLABO afew HY100/HY80 afew HSLA115/HSLABS

20004

20104 >
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e HY-80 VS HLSA-80

» Cost
> Alloy (Ni ~ Cr ~ Mo) |
o Save 2000~3000 USD/ ton

0.4
onehls Zone 2:
Eﬁl High risk under
g =2 0.3 all conditions
» Weldability 5
: CE ‘L E 0.2
> Preheat temperature | s AB
R FREQRACD
o Interpass temperature l 9 0.1 LGS

HSLEABO/HSLEA1D0

Zoneladsalelundedmosiconditions)

0
0.2 03 0.4 0.5 0.6 0.7 0.8 0.9
Carbon Equivalent, w3

HIGHSTRENGTHSTEEL CE

C+[Mn/6)+[Cr+Mo+V)/5+[Ni+Cu)/15
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Carbon Manganese Chromium Nickel Molybderum Copper
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Welding Consumable specification.

T9074-BC-GIB-010/0200

FILLER MATERIALS FOR CRITICAL APPLICATIONS:
REQUIREMENTS FOR FLUX-CORED WELDING ELECTRODES, BARE WELDING

ELECTRODES AND FLUXES, AND COVERED WELDING ELECTRODES FOR
LOW-ALLOY STEEL APPLICATIONS ]
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Table . Summary of weld metal tests required for gualification. 1/
Schedule _
Test Test proceduras Requirements
Y B 2. 8/
: : AWS A5 2D and :
Chemical analysis X -- Main Body 4.8 Table | hersin
Alloy identity x --- AWS AS D1 Main Body 3.8
Diffusible hydrogen 5/ X — AWS A4.3 A3.1.3and AJ.14
herain
Welded test assembly X x |AWSAI28and A441 AWS A5.20
herein
. i Main Body Main Body 3.7.1 and
Nondestructive testing x x 45.1and 452 37.2
Visual and Dimensicnal X X Main Body 4.4.2 A315
Examination
Tension X X AWS B4.0 Table Il hersin
Tramsverse side bend X X AWS B4.0 Table Il hersin
Champy V-notch 3/ X X AWS B4.0 Table Il herein
Dynamic tear 3/ X X AWS B4.0 Table Il herein
Explosion test series 4/ --- X A44 2 herein Table Il herein
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SMAW-APPEDIX C

y SMAW-Chemical Composition

Element MIL-10018-M1 MIL-10718-M MIL-12018-M2
Carbon 0.06 0.07 0.07
Manganese 080-185 0.80-185 080-1.85
Silicon 0.65 0.60 0.65

Phosphorus 0.025 0.025 0.025
Sulfur 0.017 0.017 0.012
Chromium 0.40 4/ 0.40 4/ 0.65
Nickel 1.25-3.00 1.25-250 1.50 - 4.00
Maolybdenum 0.50 0.25-0.50 0.90
Vanadium 0.05 0.05 0.05
Copper 2 2/, 3/ 2/, 3/
Boron - 3/ 3f
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v FCAW-Chemical Composition& Mechanical Properties

Chemical composition (wt. percent) 2/ 3/
MIL-type 1/
Carbon |Manganese | Silicon |Phosphorus | Sulfur Nickel Chromium | Molybdenum | Vanadium | Copper
MIL-101TC
MIL-101TM 0.07 |0.50t01.50| 0.60 0.01% 0.015 | 1.30t0 3.75 0.20 0.50 0.05 0.06
101TC
MIL-type 101TM

Yield strength (1000 pounds per square inch) (ksi) 2/ 8210 110

Elongation in 2 inches min. (percent) 18

Transverse side bend 3

Charpy V-notch. Energy ft-lb minimum average @ 5@ (-60F)

Temperature (degrees Fahrenheit) (F) 4/ 60@(0F)

Dynamic tear. Energy ft-lb minimum average @ 300@(-20F) 5/

Temperature (degrees Fahrenheit) (F) 450 @(+30F) &/

Explosion crack starter test 7/
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GMAW&SAW-APPEDIX
» GMAW & SAW-Chemical Composition

Welding process ALL GSF'.;TMW ALL GSHLT
Type 2/ 100S-1 100S-1C 120S-1 120S-1C
= 100S-2 100S-2C 1205-2 1205-2C
Chemical composition
(weight percent) 1/
Carbon 0.07 3/ 0.07 3/ 0.0703/, 4/ | 0.070 3/, 4/
Manganese 1.25-18 1.25-25 0.90-2.35 14-38
Silicon 0.20-0.55 0.20-0.55 0.60 0.20-0.55
Phosphorus 0.012 0.012 0.012 0.012
Sulfur 0.008 0.010 0.008 0.010
Nickel 1.40-2.10 1.40-2.10 1.00-3.0 1.00-3.5
Molybdenum 0.25-0.55 0.25-0.55 0.30-1.00 0.30-1.10
Chromium 0.30 &/ 0.30 8/ 0.80 0.60
Vanadium 0.05 0.04 0.03 0.04
Aluminum 0.10 0.05 0.10 0.05
Titanium 0.10 0.10 0.10 0.10
Zirconium 0.10 0.10 0.10 0.10
Copper 5/, 6/, 7/ 5,6/, 7/ 5, 6/, 7/ 5/ 6/, 7/
Boron 1/ T/ I} I
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GMAW&SAW-APPEDIX

» GMAW & SAW-Mechanic Properties

100S-1 120S-1

Tvpe 2/ 100S-1F 120S-1F
ype < 1005-2 1205-2

100S-2F 120S-2F
Yield Strength (1000 pounds per square inch) (ksi) 82 to 120 3/, 12/ 10210 ?é? 3, 4/,
Elongation in 2 inches min. (percent) 16 15
Transverse side bend 5 LTl
Charpy V-notch. Energy fi-lb min. average @ 3h@(-60F) & 45@(-60F) &/, 1/
Temperature (degrees Fahrenheit) (F) 60@(0F) &/ 60@(0F) &/

Dynamic tear. Energy fi-lb minimum average @
Temperature (degrees Fahrenheit) (F)

300@(-20F) 8/, 9/
450@(+30F) 9/, 10/

400@(-20F) 8/, 9/
575@(+30F) 9/, 10/

Explosion test series

11/

11/
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Property Condition MIL-10018-M1 MIL-10718-M MIL-12018-M2
A Ided az2-110 aa-122 27 1% 102-123 2/, ¥
Yield strength (ksi) welde = = 1= < 2
Stress relieved a0 a6 —
Ultimate tensile strength (ksi) & 4f 4
o As-welded 20 & 205 18 &
Elongation in 2 inches {percent) i
Stress relieved 20 20 e
Transverse side bend &/ &f &/
35@i-60F) 35@(-60F) 45@(-60F) 8/
A Ided =
Charpy V-notch &/ swee 60@(0F) 60@(0F) 60@(0F)
Energy fi-lb average @ Temperature (F) i 20@(-60F) 20@/(-60F)
Stress relieved 50@(0F) 50@(0F) e
Dynamic tear, Energy fi-lb average @ As-welded 300ER(-20F) 300@&@(-20F) 400@(-20F )
Temperature (F) 9, 107 450@(30F) 450@(30F) 575@(30F)

Explosion test series

11

11

117
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https://zh.wikipedia.org/wiki/File:Electron_shell_025_Manganese_-_no_label.svg
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https://zh.wikipedia.org/wiki/File:Electron_shell_006_Carbon_-_no_label.svg
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https://zh.wikipedia.org/wiki/File:Electron_shell_014_Silicon_-_no_label.svg

et

Pr 7 11 1S
| o | L
WY AFTE
i

KUANG TAI

S EH /%

A

100
90

&0

70

60

40

20

IR E-

0.4
TR B TER%

AR &SR E

fiihisE = /MPa

T00

600

500

400

T

o 187

o YRR HIRE

L

1

04 06 08
JRgE SR Yo

1.0




= e e
LSO E RN
i -

HFNE
RYAYFeE
N
KUANG TA ‘59 — % B/ 488 ‘fEE Eﬂ L&L
IE N V2
Bl 37,7 250 =
200 i 200
7150 = 150
& =
= =
V= JII_:I-
= 100 £ 100
50 50
I::]I i 1 i i ] ] {_] . i 1 i ! 1
-80 -60 -40 -20 0 20 -80 -60 -40 -20 0 20
HEHRESC IR AT
(a) 18 (b) JERER ks
\‘ L

Siztst#0.2~0.6 24



http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjAns7A1LbQAhXLU7wKHRSqCVIQjRwIBw&url=http://tw.clipartlogo.com/free/idea.html&psig=AFQjCNEF65Non7yIx3zhdlP-1xzyIE8k-g&ust=1479708131580654

Pl 7 1L S
‘SErFLsEs>-
RYAYFeE

e

HKUANG TAI

e



https://zh.wikipedia.org/wiki/File:Electron_shell_042_Molybdenum_-_no_label.svg
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