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ABSTRACT

A Study on the Characterzation of Properties in the
Welding Conditions of ATOS80 High-strength Steels

Baek, Jung-Hwan
Advisor : Prof. Choi, Byung-Ky, Ph.D.
Department of Mechanical Engineering

Graduate School of Chosun University

In this study, mechanical properties were investigated and compared such
as tensile strength, yield strength, elongation, hardness, and brittleness
in ATOS80 specimens which were welded using a flux cored arc
welding. Welding failures were revealed through macroscopic
examination of the welded part, microscopic weld examination, and
radiograph testing. The results are presented as follows:

1. For a tensile strength test, performance of a specimen which was
welded with 4 passes under the same conditions was better than that
of a specimen welded with 5 passes. There was no significant
difference found when gas used was 15¢/min. or 20¢/min. and it was
suggested that the elongation for pure carbon dioxide shielding gas
was 2 6% higher than that for mixed gas because the pure carbon
dioxide had more deoxidation effect. The ratio of COy and argon of
20:80 produced better results than other ratios of mixed gases and
there was no significant difference for preheating.
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2. In a hardness test of welded specimens, the hardness of the

specimen which was welded with 5 passes was higher than that of a
specimen welded with 4 passes under the same welding conditions
because of micro fissures as heat input into the weld is large when
the specimen is welded with 5 passes. In comparing data on the mix
of protective gases and constraints, when the bevel angle was 50°
rather than 40° or 60° the hardness was more stable. The
bmm-thick specimens welded had more stable hardness than the
3mm-thick welded specimens, and at a mix ratio 30:70 for COs and
argon with more carbon dioxide, hardness was lower. The reason that
the hardness value was stable was due to the higher deoxidation
effect.

. In an impact test of the weld specimens, it was discovered that the
specimen welded with 4 passes had a higher impact value than that
of the specimen welded with 5 passes. A shield gas flow rate of 20¢
/min. had the highest impact value, and it was believed that when 250
/min. of gas was used, the weld could not be properly shielded
because of turbulence. Also when the CO; was 100% and the gap
welding of the unconstrained weld was 50° the absorption energy was
the highest because internal stress was contained in the weld. The
impact test for weld specimens which were not preheated had a
higher absorption energy than the preheated weld specimen it was
probably because ductility increased due to coarse fissures.

. In a macroscopic test of the welds, the specimens were welded with
4 passes, shield gas flow rate of 20¢/min. and a gap of 50° had less
failures and a normal dendritic structure was found in the entire
weld, but the rest of the specimens had weaker micro—structures and
dendritic structures developed in terms of root gaps or the mixed gas
ratio. In the case where the weld specimen was bmm thick and the
gas ratio was 20:80 for COz and argon there were no welding
failures, but the other specimens had welding failures.

. In a microscopic tests of the weld, under the same welding conditions
for 4 passes, shield gas flow rate of 20¢/min. and gap welding of
40°and 50°, the ground of the specimen was ferrite with a micro

_ix_



martensite structure, and the boundary was ferrite ground with a
pearlite structure; but the other welds had a ferrite ground with some
Bainite or Pearlite structures on the micro martensite structure. In
terms of the root gap or mixed gas ratio, all of the specimens had
stable micro structures.

6. In a radiograph test, it was discovered that the specimens were
welded under the same welding conditions of 4 passes, shield gas
flow rate of 20¢/min, and gap welding of 50°, and steel thickness of
3mm and 5mm, the mixed gas ratio of 20:80 for CO:; and argon had
no or the least welding failures, but the other specimens had a lot of
welding failures.

[ Desired Effects ]

This study was recommended that through tests of v-shaped flux
cored arc welding of 12mm thick ATOS80 high tensile steel, the
following conditions are the most appropriate: 4 pass welding,
unconstrained, 100% CO, shielding gas, 5[mm] of root gap, 20¢/min of
shielding gas, 50°f gap welding, 200[A] of welding current, 24[V] of
arc voltage, preheating to 160[C] and flux arc welding ceramic for
backing.
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Table 2-1. Specturm of strain ratio

f i ..
Range o .stram Test conditions and appearance
velocity

10°%10° s Creep test in fixed load or stress

10510 g7 Silence tensile test of tention tester in hydrodynamic
and screw

10 ~10° s Dynamic Tensile or compression test

10210° S High speed test to impact test

(consider to spread effect of wave form)

10~10° S ! High-speed impulse from gas rifle or explosion

reclaim 041(spread of shock wave form)
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Fig. 2-3. Vickers hardness testing in the surface area of indention
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Fig. 2-5. Ductility—malleability transition temperature

Table 2-2. Media and Temperature

Temperature Media
500~200C Gas(Use to heat)
200C ~ 2= High temperature oil(Oil tank)
0cC Ice and water
0cC ~ -70TC Alcohol or acetone was cooled in dry ice
-70C ~ -155T Isopentane was cooled in liquid nitrogen
-196C Liquid nitrogen
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Table 2-3¢l| A AFm & wpe} o] wlAaz2 22 v 7hy FAe] 54 91X
wel ohe ) o] TN EFH T
© w9 Al GEe 24 514 44, 9% A6, dEd, E 5
FURe 24 AN, 4FL, VE 5
@ 1 v =24 1 71E, A=, Folx, BA #d, SAF gd, T &
Table 2-3. Tip of visual structure inspection
Prepara bt
Objective Etchant acid tion Operating result a stra
contact
The first liquid
1 acid _ immersion 5- 10
ammon?um chloride minute at the Appeared to
ammonium(II) .
190 distilled room Primary of
4 , istille
dendritic & temperature, Balance
structure water1000cc ) . ) C
. L abrasiv | second liquid assumption,
recrystallized | 2 acid : . steel
) . e paper | wash in the Forged state )
structure ammonium chloride special
hardened ammonium(I 120g, for water after appears, Quench steel
structure strong #1000 immersion for hardening part
Hydrochloric acid 30-60minute and | appears in
50ce.  distilled then wash in black.
water 1000cc the alcohol and
dried
Liquid —Quenching :
temperature Uneven- - black,
hit . . 60~707C, - Slack :
white spot, hydrochloric acid : . ac )
segregation, | .. . L 30~60minute Cross—section - -
distilled water =  polishing ) . .
slack, 1:1 after Immersion, | image of point,
irregularity ’ wash warm Longitudinal
water or alcohol | section --image
and dried of line
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Preparat

Objective Etchant acid ion Operating result al;sttr
contact
Photo paper
immersed in
liquid for 5
) minutes, Remove
abrasive ) ) )
moisture, it will | FeS, MnS
transverse | 2~3% paper ]
. . . detecting surface | appears as
velocity Sulfuric Acid for
attached to one dark brown.
#1000 ]
minute after that
the wasing,
drying washing
settle.
Wasing, drying
) ] A large part of
L ) abrasive | after detecting ]
] Picric acid- -5g P is colored Heat
Detection paper surface corrode . o
. alcogol ) quickly tinti
of P,S ] for lightly and then
acid- -100cc ] FeS----Purple | ng
#1000 heating color on .
] MnS - - - - White
the iron plate.
After Liquid If large
droping on the number of P
copper detecting surface | that less
chloride(Il)--10g abrasive | one minute precipitation of
. magnesium .
Detection of ] paper maintenance, copper
chloride- - 40g )
p . for droped back to Determine the
hydrochloric
. #1000 Al and than amount of P
acid- - - - 20cc

alcohol- - 1000cc

Copper 1is settled
to wasing,

drying

according to
the settled

copper amount.
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Table 2-4. Types and symbols in the macro structures

Macro picture

Term and symbol

Explanation of term

Dendrite

That 1s after forge welding or
vaccum the First crystal developed
for arborescence on the coagulation
of steel ingot that have as it is the
form or vaccum

Ingot pattern

That is Corrosion of concentration on
contour appeared from coagulation of
steel ingot process that changes of
crystalline state or ingredient
deviation

Looseness

that is Appeared to on the water. it
all steel sections or Corrosion
progress in a short time on midmost

Pit

T

That is steel cross section the whole
or midmost a Corroded By corrosion
that the shape of the hole is formed
it can be seen with the naked eye
size

Center segregation

Sc

That is concentration in the midmost
appeared from deviation of ingredient
in the coagulation of steel ingot
process

Center looseness

That is Appeared to on the water it
corrosion progress in a short time at

Le middle of steel cross section
Center pit ) )
That is the midmost steel cross
section make hole it can be seen
Te with the naked eye size
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Blow hole

That is Ingot of the bubble or pin
hole be traces remain to Not
completely squeezed

Non-metallic inclusion

that is non-metallic inclusions it can
be seen with the naked eye size

N
Pipe That is primary or secondary pipe
fully uncompressed for solidification
and Shrinkage of steel ingot and than
P the trace remains in the center
Air crack
That 1s hair-shaped thin furrow to
cross section from corrosion.
H
Seam laps .
That is laps from blowhole of steel
around or Rolling and forging, besides
K laps to steel outer perimeter
Forging) That is rupture in the midmost from
Improper forging operations or rolling
work
F
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Az 2HH4AE A 25 FAAZE2 Table 2-59 2t

Table 2-5. Standard etching time with macro structure inspection

Standard Symbol
etching
time Forging or rolling Annealing Normalizing
STSAD, SS534, 5541, SS50
20M SS34, 5541, SS50, SSH5 | STS410, ' ' '
SSH5
STS430
SM25C ~ SMb5C
SMEC SMBC SCra45 SF35, 40, 45, 50,
gong | DSOS 420, 450, 455, 40 o0 30, aa7 55, 60, 65

SCM432, 435, 440, 445, 822

STCI, 2 4 ~
SPS3. 4. 5, 7. 9, 9A. 10, 11A , 2,3, 4,5 6, 7| SM25C~SM55C

SM10C ~ SM2SC SM10C ~ SM20C
SM10C ~ SM20C
N CMS25C SMO9CK,
40M | SNCI73, 21, 22
SNC21, 22, HRS1, 23 | SMI5CK,
CMS21~23 N
CMS175, 21723 SM20CK

U daz 2334 O
1) &22-F=729 Iz g

Te g TR HMF AN oR Yigs] QelA T5~80TE sHAste] A
gaele 24 Fo) Ave] B Wast 474 YEE @k

@ 2¥AH 23 - WEZ WAz ZHPA B
Ay sHAAG D UGG, 4 Ao n RAx o7 Ak %
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Fig. 2-11. Fe-C equilibrium diagram and standard structure of steel
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Fig. 2-12. Structure deformation of steel according in Fe-C carbon amount
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Fig. 2-14. Geometric effect of test body-film
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2 Aol ALEgt Ase EFAE CoollA AAHE E~

K

1397k ATOS 802

TOS 80 =7l 71AA AdS Ldotr7] ffsto] A A & AT
AGAIE 2 KSB 0801wt Aldstglon, FEAHL vlo]az HALA
=715 ARESH AESAE AFH Y 3We AnbA #2,0009F F 9 =(cpl000) =
ol Abgete] Antdt § Abst R (ALOs, 0.3um)E 8 Zheekion, Aol At
|3 stF 2 500g, sts 2H&AIZE 30sece] Zxstel A 603 545k

Table 3-1& & A3ol] AH&¥ ATOS80 i2gd=74e 34 s vetdlon, <
AP AEAES S 7 71AA AdEL Table 3-201 YER AT

Table 3-1. Chemical compositions of ATOS80 high tensile strength
steel(Wt.%)

C Si Mn P S Cr Mo \% Fe
0.071 0.06 1.68 0.0136 0.038 0.02 0.15 0.06 BAL

Table 3-2. Mechanical properties of ATOS80 high tensile strength steel

Yield Stress Tensile Stress Elongation Hardness
(Mpa) (Mpa) (%) (Hv)
581 773 15 195

2. €8 A998

ATOS80 g#7%d &Fols & 49 Sz stfrlols &4 o F7
L5~16mmt VE4 o2 77 12~38mme XFFolud Udds Adaes Ho gle
U FCAE 9wt o b s
Holghel A 2Fe X ol grnthe ¥ AYdNE A% 2ol VY o & I
Aoz Adta e} A

detel §PAARL ALt
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Fig. 3-1. Non-restraint welding joint shape of specimens
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3. &4 =3

B oATAAE JAH AW, $HEAIAL, PAAIA 9] 5te] ATOS 80 13 %
20 27 aeste] AAH 42, §H2H

o] §HAES dotr7] flstel &4
|4 Wl - et Aase Hrhste] Bk

ATOS 80 =4 &xol=H9 148 & Z7e 4= we 744 44
27 feiA dEdFS dolm dAHA 4T 5 d= Auto carriageE ol &3 A
Flux cored arc welding

ATOS 80 =4 &xolaHo =12 va3 2.

AR, SRl 2 ol me 4, 5 =2 FR{ste] ZHZF A2, A3, A5, A6,
A8, A9z} A o8ttt

=4, &35 Adrts & mel 151/min, 200/min, 25/minS = 73t B2,
A2, B3, B5, A5, B6, B8, A8, B9z} A olstAtt.

AR, ol /A ZhEd mel 40°, 50°, 60°= skl Cl, A2, C2, C3, A5,
C4, C5, A8, C6tt g olatitt.

A, &Hol g FEIAC wel 3mm, 5SmmE #/F354 D1, A5 D3, A8z A9
skttt

gAA, 3 Ztas dvl&d mEl CO210%+Ar90%, CO220%+Ar80%, CO0230%
+Ar70% = 3kl El, A8, E3& Aottt

AXA, SHFo oFd FFo wel Fl, A2, F2, F4, Cl, F5, A8olz} g <late] 2z
72 AEE S skl Aelsksit

SAAEA AR AYr7bA] 270§ Table 3-37 #o] SPEC. W&o F#3to] Az}

N

o
PrL
32
iy

Tables 3-4 ~ 3-9+= & AdoA A& EHAE

)

=9 $HxAS

o

LHER a2
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Table 3-3. Welding condition of SPEC. Number

S/ SPEC. number
No. separation Substance
A B D E F
Welding condition vas opening | root mixer | p reheaﬁin %
pass gas nonpreheati
amounts angle gap ratio ng
1 3
Joints mixer gas
ratio
100% CO, 20% + Ar 80% CO9 30% + Ar 70%
Soect 20 25 30
pecimens
opening angle
20° 25° 30°
Pass the number 3 4 o
of times 3 pass 4 pass 5 pass
3 4 5
Joints root gap
3mm 4mm Smm
1 2
6] Constraint and
unconstraint
constraint unconstraint
Shicld 20 30
ielding gas
amount( ¢ /min) . .
20( ¢ /min) 30( ¢ /min)
Preh d ! 2
reheating an
non-preheating ) )
preheating non-preheating
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Table 3-4. Welding conditions in number of welding passes

X~film NO. A-2 A-3 A-5 A-6 A-8 A-9
A12545 | A1255512 | A1254522 | A1250522 | A2254512 | A2255512
SPEC. NO | “o01 01 01 01 01 01
pass 4 5 4 5 4 5
Constraint Unconstr | Unconstra | Unconstra | Unconstra | Unconstra | Unconstra
relation aint int int int int int
Support ceramic | ceramic ceramic ceramic ceramic ceramic
COq COq COq COq CO220%+ | CO220%+
Protect gas | 100 100% 100% 100% | Ar80% | Ar80%
Route
interval 5 5 5 5 5 5
(mm)
Gas amount
(2 /min) 20 20 20 20 20 20
Current (A) 200 200 200 200 200 200
Arc voltage | o4 24 24 24 24 24
V)
Angle (°) 50 50 50 50 50 50
Speed 14.4 14.4 14.4 14.4 14.4 14.4
(cm/min)
Temperatur
( e 160 160 160 160 160 160
)
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Table 3-5. Welding conditions in shielding gas amounts

Xm B2 | A-2 | B-3 | B-5 A-5 | B-6 | B-8 | A-8 | B-9

SPEC. B1254 | A1254 | B1254 | B1254 | A1254 | B1254 | B2254 | A2254 | B2254
NO 51151 | 51201 | 51251 | 52151 | 52201 | 52251 | 51151 | 51201 | 51251
Gas

amount 15 20 25 15 20 25 15 20 25

(¢/min)

pass 4 4 4 4 4 4 4 4 4
Constraint | Uncon | Uncon | Uncon | Const | Const | Const | Uncon | Uncon | Uncon

relation straint | straint | straint | raint raint raint | straint | straint | straint

r g g T g r g g T

Support ceicam ceicam Ceicam Ceicam Ceicam Ceicam Ceicam Ceicam Ceicam
Protect | COs | CO; | COy | COy | COy | COy | §0220 1 €O220 | €020

gas | 100% | 100% | 100% | 100% | 100% | 100% | %o5" | %oar | %eor

Route
interval 5 5 5 5 5 5 5 5 5

(mm)

Cu(fg)e“t 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200

Arc
voltage 24 24 24 24 24 24 24 24 24

V)

Angle 150 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50
(cSr%l)/enelidn) 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4
Temperat

ure 160 160 160 160 160 160 160 160 160

()
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Table 3-6. Welding condition in opening angle of welding specimens

X-film NO. | C-1 A-2 C-2 C-3 A-5 CH4 C-5 A-8 C-6
SPEC. NO C1204 | A1254 | C1304 | C1204 | Al1254 | C1304 | C2204 | A2254 | C2304
’ 51201 51201 51201 52201 52201 52201 51201 51201 51201
Angle(®) 40° 50° 60° 40° 50° 60° 40° 50° 60°
pass 4 4 4 4 4 4 4 4 4
Constraint | Uncon | Uncon | Uncon | Const | Const | Const | Uncon | Uncon | Uncon
relation straint | straint | straint | raint raint raint | straint | straint | straint
Support cergmi cergmi cergmi cergmi cergmi cergmi cergmi cergmi cerélmi
CO, oo CO,
Protect gas CO, CO, CO, CO, COq2 COq2 20% + . 20% +
100% 100% 100% 100% 100% 100% Ar Ar Ar
80% 80% 80%
Route
interval 5 5 5 5 5 5 5 5 5
(mm)
Gas
amount 20 20 20 20 20 20 20 20 20
(2 /min)
Cu(rg?nt 200 200 200 200 200 200 200 200 200
Arc
Vo(l%ge 24 24 24 24 24 24 24 24 24
obeed 1144 | 144 | 144 | 144 | 144 | 144 | 144 | 144 144
Temperatur
("eC) 160 160 160 160 160 160 160 160 160
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Table 3-7. Welding conditions in root gap of welding joints

X~film NO. D-1 A-5 D-3 A-8
SPEC. NO D125432201 D125452201 D225431201 A225451201
Route interval
(mm) 3 5 3 5
pass 4 4 4 4
ngztég;nt Constraint Constraint Unconstraint Unconstraint
Support ceramic ceramic ceramic ceramic
O, O,
Protect gas | CO» 100% COs 100% CO, 2e.r | et
Gas amount 20 20 20 20
(4 /min)
Current 200 200 200 200
(A)
Arc voltage
V) 24 24 24 24
A?og)le 50 50 50 50
Speed 14.4 14.4 14.4 144
(cm/min)
Tem?%rf‘ture 160 160 160 160
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Table 3-8. Welding conditions in mixing gas ratio of

welding joints

X-film NO.

E-1

A-8

E-3

SPEC. NO

E125451201

A225451201

E325451201

Mixture gas rate

CO2 10% + Ar

CO2 20% + Ar

CO2 30% + Ar

9094 8094 70%
pass 4 4 4
Constraint relation Unconstraint Unconstraint Unconstraint
Support ceramic ceramic ceramic
Route interval
(mm) 5 5 5
Gas amount
(¢ /min) 20 20 20
Current 200 200 200
(A)
Arc voltage
V) 24 24 24
fingle 50 50 50
Speed 144 14.4 144
(cm/min)
Tem?%rf‘ture 160 160 160
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Table 3-9. Welding conditions in preheating and non-preheating of welding

joints
X-film B B B B B B _
NO. F-1 A-2 F-2 F-4 C-1 F-5 A-8
SPEC. F1254512 | A1254512 | F1254312 | F1204512 | C1204512 | F2254512 | A2254512
NO 02 01 02 02 01 02 01
Temperatu
( {Ce ) None 160 None None 160 None 160
Mixture |  CO CO, CO, CO, co, | C0220% | €02 20%
gas ratio 10096 10096 10096 10096 10096 80% 80%
f*ﬁgle 50° 50° 50° 40° 40° 50° 50°
pass 4 4 4 4 4 4 4

Constraint | Unconstr | Unconstr | Unconstr | Unconstr | Unconstr | Unconstr | Unconstr
relation aint aint aint aint aint aint aint

Support ceramic | ceramic | ceramic | ceramic | ceramic | ceramic | ceramic

Route
interval 5 5 3 5 5 5 5
(mm)

Gas
amount 20 20 20 20 20 20 20
(4 /min)

Current | 200 200 200 200 200 200 200

Arc
Vo(ltage 24 24 24 24 24 24 24
V)

(C%/?g?n) 144 144 144 14.4 144 14.4 144
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E110T1-K3CE Atg3stgdon, 274 12mm=zZ 2 FJejo 9o]ojs ALt &3 %
o] stetA g 71AA AL Table 3-10, 113 2t}

Table 3-10. Chemical compositions of E110T1-K3C welded wire(Wt.%)

C Si Mn P S Ni Fe
0.04 0.51 1.72 0.014 0.012 2.04 BAL

Table 3-11. Mechanical properties of E110T1-K3C welded wire

Yield Stress Tensile Stress Elongation Impact value
(Mpa) (Mpa) (%) (J [kgf - m] 20C)
751 834 21 80
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Fig. 3-9. After fine grinding of tensile test specimens

Fig. 3-10. After tensile test of specimens
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Fig. 3-11. After fine grinding of hardness test specimens

Fig. 3-12. Working of hardness test specimens by universal testing machine
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Fig. 3-18. Welding structure by SEM
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Fig. 3-19. X-ray Radiographic inspection of ATOS 80 welding specimen
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Fig. 3-20. X-ray Radiographic test film in ATOS 80 welding specimen
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Symbol

AZ, A3, A5, A6, A8, A9
Cl, C2, C3, C4, C5, C6

D1, D2, D3, D4, D5

B2, B3, B5, B6, B8, BY
El, E2, E3

F1, F2, F4, F5

2

AL 739 AFFE B4

Table 4-1. Welding Condition and Symbol

ATOS 80 1
Welding condition
Pass number
Shield amount
Groove angle
Root gap
Shielding mixed ratio
Preheating
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Table 4-2. Rupture part of tensile specimens

Aot

X~film
NO.

A3

A5

A6

A8

Rupture
part

base
metal

base
metal

deposited
metal

base
metal

Ao mE 59
Bo 7k COz 100%, M55
1A H ATbol A ol FIFE G

A7 depdlsd, ol AL S rF Ao I whE
Folgt AR E Y, 28y BE7FA7F COp 100%001 4 53 A
M= A2 skl 9ste s A=, oA
lete] miAlRE Ao = FHAo] wob AR

AGZE=AI AN
st 7] &4 el

[¢]
g e
TA dEs o 4

2y
311_14

T
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>,

dlo
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[>

e
Mo

Eff ol A
& gl
27 v ® Aow
CO; 100% < W &Gy v o 49| 27F 5o 2R
A vEhd AL B 5 gtk F BEs27 COp 20% + Ar 80%, H]
71 FHola oM AGAE Aatell M= 49|27 Sull AR A
SEAL WrER T A 2o dT =Rl Fa R ]

PNl
727k

Z o

4o 4

600
500

~m— \’P-Strs';-ss[N/mmzl2
—o— Max-Stress[N/mm~]
—A— Max-Strain[%]

400

20
18
16
14

Tensile strength(N/mm2}

Elongation (%)

T I |

A2

A3 A5 A6 A8 A9
Welding specimen No.

Fig. 4-1. Results of tensile test according to number of welding pass
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2. 85 A37tE9 Fol WE JAFFEAR
SHE AR7ERe] ol mE JAFFE=ADLS 74 AFFEA
ol wel Table 3-4 o] &84 &= el vl
Ap ol FHAZ AFEHAAMS FHEH WHEe AAls
Fig. 4-32 Q44 = A9 Fol AFZE=ANFA] dae 298 e sont?,

¢

;

Table 4-3. Rupture part of tensile specimens

X&f’gfn B2 | A2 | B3 B5 | A5 B6 | B3 | A8 | B9

rupture | base | base | base | base | base | base

base
part metal | metal | metal | metal | metal | metal bond bond

metal

Fig. 4-2v= &35 BHortawol] M §3F9 AFFEAFAA e Freghad
AxES YEA Aol B o7bAFe] Wsle] we HE7t2~A7F CO, 100%91 A Wtk
COz 20% + Ar 80%<%l &§7F2=9 A7 =gte] =4 velgen, 4 Je Rt b

T5 ZEHel g2y SHole IR ERE o =4 Uewn dAA =R
Ak, AAES EgUtaTo] 15/Y W 204, 254 B} oF EA JERyth ey
WAL AL A 152 0] 252 ol M= B Agto] YEWaL, 2049 REvtagd

T2 A2 yElyta QT gho] ©E Aol yA] ke Aoz Hol ATOS 80
nFHE7e T fHFHAAME 2040 154, 250 B} BE7lAwo] HYd Ao
2 Atz

600+ .——.——0——.-—__"*_’/""“"*—.
500F =—="—w_, " ==

L —m- YP- Stress[N/mmz]
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M

B2 A2 B3 B5 A5 B6 BS A8 B9
Welding specimen No.

Tensile strength{N/mm2)

T I |

== b
0O
Elongation (%)

Fig. 4-2. Results of tensile test according to shielding gas amount
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3. £ MAZd = e AFFEA3

FHol SR AHZEA e QPFEAYL 2 AFFEAFAY Sl SF AN
Z}o] ubeh Table 3-59% 2ol FHekA @i gHelAle WTFEEHN B PEE
st gol THAZ FHAAY FHEW WHS Al $HS APkt

Table. 4-4& AFAY Fol A FH] Therel 915 thepd Hojrp,

Table 4-4. Rupture part of tensile specimens

X-film
NO.

rupture | base base base base base
part | metal | metal | PP | Pond | era | meta | Pond bond

Cl A2 C2 C3 A5 Cc4 C5 A8 C6

o3|
7 AMES YERA Aotk REVFATE COp 100%, HlT-E JEd w wojr] &5 o]
R

o
7} COz 20% + Ar 80%, W75 JHd wf stofr] G ol &l e dddEAE 2
I WA= 4007 HE = A vEbd e, AAlE 2 Az R 60°7F 7R =4 dErR

"'c_é"' =

600 18 W

£ :

£

z 500+ ‘\'%-\/L\'\I

E 400_ m- YP- Stress[N/mn‘lzl Y]

& 18 (n]

= o Max-Stress[N/mm?] 2

4 —a— Max-Strain[%] 20 g

@ 4l —

@ 118 &

'E 7] 16 g
14 T

C1 A2 C2 C3 A5 C4 C5 A8 C6
Welding specimen No.

Fig. 4-3. Results of tensile test according to opening angles in welding

specimens
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4. EHolSH FEIF WE AZZEAZ

ol g FEAZ wtE AALEAGL 7 AFGEAGA] SRl §F FE
276wl 3mm, Smm® FFHeke] Table 3-63 o] F&apA ek AuolA g )
THEHD DY FEEAQT Lol FHA Aol FHEH PP Aol
$92 AUk Table 4-5% AFAY Fol AFAAA] shara LIS e
Aotk

Table 4-5. Rupture part of tensile specimens

X-film NO. D1 A5 D3 A8

rupture part bond base metal base metal base metal

3 QA& Ve Aolth BETEATE COp 100%, T u we7] S0l e
o AFFEAG A3t FEAA 3mmrb FEXA Smmel sl AFFEE O ¥
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E N
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gs00f
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E 4 =

2 -:18 g_‘

- :16 c
J1a 8

|
D1 A5 D3 A8
Welding specimen No.

Fig. 4-4. Results of tensile test according to root gaps in welding joints
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Table 4-6. Rupture part of tensile specimens

X-film NO. El A8 E3

rupture part base metal base metal base metal
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Fig. 4-5. Results of tensile test according to mixing gas ratio in welding

joints
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Table 4-7. Rupture part of tensile specimens
X-film
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Fig. 4-6. Result of tensile test according to preheating in welding specimens
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Table 4-8. Size of welding in number of welding passes

X&%lm SPEC. NO Top bead geometry .Back bead geo.metry
: width[mm] height[mm)] width[mm] height[mm)]
A2 A125451201 20.0 1.0 11.3 35
A3 A125551201 19.0 19 10.8 3.3
A5 A125452201 20.8 16 14.2 4.9
A6 A125552201 23.8 14 129 4.7
A8 A225451201 18.6 14 124 3.6
A9 A225551201 18.7 1.8 115 3.1
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Fig. 4-7. Hardness distribution in welding according to number of welding

passin CO2 10096 and non-restraint welding
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Fig. 4-8. Hardness distribution in welding according to number of welding

pass in CO2 100% and restraint welding
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Fig. 4-9. Hardness distribution in welding according to number of welding

pass in CO2 20% + Ar 80% and non-restraint welding
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Fig. 4-10. Hardness distribution in welding according to number of welding

pass
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Table 4-9. Welding size in shielding gas amounts

Xi%lm SPEC. NO .Top bead ge(?metry ?ack bead ge.ometry

. width[mm] | heightlmm] | width[mm] | height[mm]
B2 B125451151 19.0 1.0 114 3.4
A2 A125451201 20.0 1.0 11.3 35
B3 B125451251 7.9 1.8 9.6 3.8
B5 B125452151 20.1 15 13.6 4.7
A5 A125452201 20.8 1.6 14.2 4.9
B6 B125452251 20.6 2.2 12.6 3.8
B8 B225451151 12.6 3.5 10.3 3.4
A8 A225451201 186 14 124 3.6
B9 B225451251 174 3.8 11.9 4.1
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Fig. 4-11. Hardness distribution in welding according to gas amounts of

welding shielding in CO2 100% of shielding gas and non-restraint welding
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Fig. 4-12. Hardness distribution in welding according to gas amounts of
welding shielding in CO2 100% of shielding gas and restraint welding
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Fig. 4-13. Hardness distribution in welding according to gas amounts of
welding shielding in CO2 20%6 + Ar 80% of shielding gas and non-restraint

welding
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Fig. 4-14. Hardness distribution in welding according to gas amounts of

welding shielding
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Table 4-10. Welding size in opening angles of welding specimens

X—film Top bead geometry Back bead geometry
NO. SPEC. NO width[mm] | heightlmm] | width[mm] | heightlmm]
C-1 C120451201 16.3 1.0 11.6 3.3
A-2 A125451201 20.0 1.0 11.3 35
C-2 C130451201 20.5 14 11.0 4.3
C-3 C120452201 20.6 2.2 12.7 3.3
A-5 A125452201 20.8 1.6 14.2 4.9
CH4 C130452201 23.8 2.4 13.7 3.9
C-5 C220451201 20.0 1.0 194 3.0
A-8 A225451201 18.6 14 124 3.6
C-6 C230451201 20.7 2.3 9.7 3.6
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Fig. 4-15. Hardness distribution in welding according to opening angle of

welding specimens in COz 100% of shielding gas and non-restraint welding
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Fig. 4-16. Hardness distribution in welding according to opening angle of

welding specimens in COz 100% of shielding gas and restraint welding

Fig. 4-162 X357k~ COz 100%, <5 ZFEfe] Stth7] §4ola M4 me we
EA A IR E7E 4071 C3 A, 50721 A5 AlEH, 60°% C4 AlFHOE 3%
}\]8}'}/\

WA =7 40791 C3 Al o= AEgol &3% TaFolA shEhsttt 6mm7kA]
deH Tt g FFAAM = AsH ‘EP%"‘@P%E, A ZollM = ot F7hske] dA s
Al YERSE T

WA =7 501 AS Aol = Agho] &35 TAN-lA stetsttt Smm7kA]

HE L Aol s



vhebe e,
ARZET 602 C4 NGB E §HY FARANA dmm7hA A=gho] shetsiek
H5H Tt AR sobd AGFRAAA Al bt mAl BN Fbstd U7

s stolAE A

! —o—C5
270] —s—As

—+—C6
260

Micro-vickers hardness(Hv)

=

~

=]
T

=

()]

o
T

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Distance from specimen center [mm]

Fig. 4-17. Hardness distribution in welding according to opening angle of
welding specimens in COz 20% + Ar 80% of shielding gas and non-restraint

welding
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Fig. 4-18. Hardness distribution in welding according to opening angle of

welding specimens
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Table 4-11. Welding size in root gap of welding joints

e Top bead geometry Back bead geometry
X film SPEC. NO
NO. : . . . .
width[mm] height[mm] width[mm] height[mm]

D1 D125432201 18.0 2.2 119 3.5

A5 A125452201 20.8 1.6 14.2 4.9

D3 D225431201 18.0 1.6 6.9 3.4

A8 A225451201 18.6 14 12.4 3.6
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Fig. 4-19. Hardness distribution in welding according to opening angle of

welding specimens in CO2 100% of shielding gas and non-restraint welding
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Table 4-12. Welding size in mixing gas ratio of welding joints

e Top bead geometry Back bead geometry
X Aim 1 sppc NO
NO. : . . . .
width[mm] height[mm)] width[mm] heightlmm)]
E-1 E125451201 174 15 11.2 3.0
A-8 A225451201 186 14 12.4 3.6
E-3 E325451201 18.3 1.6 10.3 35
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Fig. 4-20. Hardness distribution in welding according to gas ratio of welding

joints
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Table 4-13. Size of welding by welding joints preheating and non-preheating

X-film SPEC. NO Top bead geometry Back bead geometry
NO. width[mm] | heightlmm] | width[mm] | height[mm]
F1 E125451201 174 1.5 11.2 3.0
A2 A125451201 20.0 1.0 11.3 35
F2 F125431202 11.6 1.9 7.6 3.1
F4 F120451202 11.5 1.0 11.5 3.6
C1 C120451201 16.3 1.0 11.6 3.3
F5 F225451202 19.4 1.0 11.85 4.0
A8 A225451201 18.6 14 12.4 3.6
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Fig. 4-21. Hardness distribution in welding according to preheating of

welding joints in CO2 100% of shielding gas and non-restraint welding
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Fig. 4-22. Hardness distribution in welding according to preheating and
non-preheating of welding joints in CO2 100% of shielding gas and

non-restraint welding root gap of by welding joints
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Fig. 4-23. Hardness distribution in welding according to preheating and
non-preheating of welding joints in COz 100% of shielding gas and

non-restraint welding by opening angle of 40° in welding specimens
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Fig. 4-24. Hardness distribution in welding according to preheating and
non-preheating of welding joints in CO2z 20% + Ar 80% of shielding gas and

non-restraint welding by welding specimens opening angle of 50°
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Fig. 4-25. Hardness distribution in welding according to preheating and

non-preheating of welding specimens
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Table 4-14. Sharpy impact test result value of ATOS 80 high tensile steel

weldment
am | P | gl | e [ S | Sty
A2 140.1900 80.1076 26742.0800 0.80 33.428
A3 140.1900 78.8334 27469.8600 0.80 34.337
A5 140.1900 93.9946 19911.0250 0.80 24.888
A6 140.1900 110.3862 11911.0600 0.80 14.889
A8 140.1900 102.7397 15579.8300 0.80 19.474
A9 140.1900 106.6745 13927.2850 0.80 17.396
B2 140.1900 77.9885 27870.2900 0.80 34.838
B3 140.1900 86.2163 23803.2500 0.80 29.754
B5 140.1900 93.5551 20130.2950 0.80 25.166
B6 140.1900 100.1030 16911.5250 0.80 21.139
B8 140.1900 108.7163 12796.3615 0.80 15.995
B9 140.1900 116.0991 9296.5380 0.80 11.620
C1 140.1900 89.4243 22198.8050 0.80 27.748
C2 140.1900 92.2368 20790.6000 0.80 25.988
C3 140.1900 88.8090 22505.9900 0.80 28.132
C4 140.1900 44.1704 19822.8350 0.80 24.778
C5 140.1900 97.5542 18134.9200 0.80 22.670
C6 140.1900 101.7289 16079.5150 0.80 20.099
D1 140.1900 81.5580 26124.8000 0.80 32.606
D3 140.1900 90.1274 21846.5350 0.80 27.308
D5 140.1900 90.7426 21538.3100 0.80 26.922
El 140.1900 103.4429 15285.5650 0.80 19.107
E3 140.1900 92.1049 20855.9400 0.80 26.069
F1 140.1900 89.4682 22176.7900 0.80 271.721
F2 140.1900 72.3296 30563.4650 0.80 38.204
F4 140.1900 84.4145 24696.3900 0.80 30.870
F5 140.1900 101.0698 16398.4400 0.80 20.498

_83_




1. §-ol&9 & 59

SHol=e] Wi o BE 4~ 2
Table 3-49} #Zo] F&H3A] v AEHdA 9 HF% il
TEAL ZHl e FESH WRSe AAlste] S3e A ST

Fig. 4-260A B d 2~ Fo m& 43 2 2
A7 ok 53lam ST AlAARY BRovts TRk 75 Gk BAglel FA4A
7b = vEd AS & 5 2l

B3 7k~ CO; 100%, Hl 758002 & FAAFH] CO, 20% + Ar 80%° &
taR gE ST SAAEARY A SAEA=, oA vigE §4E W A
2% Myor dAES @A {7 wEold, HE HHrt ¥ ERVFERGE
EAE7E2(CO; 100%)7F Bk ab7E o Fofb Q1o F5-87] wjZolet Atrdtt
T3, 4o a2z ST Aol bR S AlFHEYG SAAVE = YER S
, Slz2m BATE AP FA4AF e A2 TN §HEe ¥ Bol FE=E
Tl =2 nFHAde] 240 vAg HER wHAdel SHER S48 5

o
ArA %3 Aow AR

gl
of
i)
>,
ot

)
rlo
N

N
ofj
I
>

B %

e
EL

(RS

[kgf-m/cm?]
w
(W g
]

w
o
|

= M
-
I I

Athbsorption strength
]
T

=
o
T

A2 A3 A5 A6 A8 A9
Welding plate no.

Fig. 4-26. Results of impact test according to number of welding pass

$R% Agrtae ol WE FAANEE 2

2} Table 3-59F Zo] F&akA] &= FHjolA e

_84_



o] FEHAIZ el Ao FEEH WS A S A&

Fig. 4-2704 BW RE7}A=ke] mE &HxA Bo7F2~ CO. 100%°] H] -5
|4 AFH, Bo7kx COp 100%] 74584 A189, Ra7F2~ COz 20% + Ar 80%
of Ej7b, HFEEH AlgHe e 2 AP Bk 154, 204, 254 F 4
= L‘rEHH Aolth, o] F HZ7FA COp 100%0] HE7bxwf 154 2 Bl F58% A g
Aol FaodiA7t 7bd =4 ek

B35 7k~ COz 100%°] w4839 Bartadfo]l 1542 B2 §4A1dHo
7t b A SAEAD, 2 oS 2009 A2 SHAEHA, 2529 B6 EHAY
o2 FAHU

HS 7k COz 100%0 -5 oA ] 5= Bartado] 2049 A5 &8418
] =7 7P A SAEJL, 2 e 15420 BS £HAI9HE, 2579 B3 &
AAEHE o2 A E
B3 7F2~ COp 20% + Ar 80%9 E§7b2, 34 2ty &35 Hartawge] 20

A8 &HAIFHo] A= M =A SAEUL, 1otk 15629 B8 &HA
, 252421 B9 §RAEH som YA
Hog Aw B ) Ristag 150,200, 250 F 2040 M =L FAAS
UERE 7] wiEe] 204 0] 7HE A9Eith AlR I, o] E 25/ Y W= B Vb F

o7 UFdso] AAA EHF ANE BIsHA Hatmw FHofsto] AR} A
h¥al, 152 Y s Ik v tE S E FESAY PEEHY EFRAR B

5% W Agax gn Ara

l

Hol 547%

O

Al
3

5

F_>i

=

A

e

[kgf-m/cm?]
w w A
o v O

I I ]

=N
" O
1 |

Athbsorption strength
(]
T

=
o=
|

B2 A2 B3 B5 A5 B6 B8 A8 B9
Welding plate no.
Fig. 4-27. Results of impact test according to amounts of shielding gas

_85_



E

Fig. 4-2804 ®B¥ 45 R/} EHEzAAA BE 72~ COz 100%0
0TS8R dHd w, BEsks COp 100%0] T4 AHY W, BEsks COp 20% +
Ar 80%°] E7tzel Al EEH dHd e SAAE o o] T HoT}
2 COz 100%0l vl Adee] SxolaF MAz4=7F 50°d W Faoldx7t 718
= YERs

H57k2 COy 100%0°0 Hl7-4-83 Aol = Bar7bawke] 20091 A2 &4HA1E4A

AREI A BA Y & 1509 B2 HAE, 2509 B6 &3
A To= SAHUY
B35 7k COz 100%, < dHelM e &30l Hdzt=7 40°91 C3 &4 44

BRI M EA SREAL, T 50°0 A5 R AIE, 60°91 C4 £

2 SAHA

B35 7k COz 20% + Ar 80%°] =7b2, vlgts AdEle] sty &40l /A
ZF=7b 40°¢1 C5 &8 A A Al FAREY /M =A SAAR L, T oS 50°¢ A8
SHAIE, 60°%1 C6 &HAAH =2

AAAom v & wf FAXA} /M =4 49 A2 EE7ks COp 100%l 7
T AERD STl v
7k COz 20% + Ar 80%9] E7h2el wigts AdEfe] stiy] &3 ol 01&4%
TERRbZEA S gAt g A3, wgEE el &Y AfEedl o RS H Ha
Qlete 1ol S7FH 7] witeletal Abm

ih)

flo
e
fol
L
>.
Q
o
=
(e}
X
-3
4
apx
ox
=
o
M
4
:L

f

_86_



[kgf-m/cm?]
w I
[ T -

I I

(¥
o
T

=R
[V B -
T T

Athbsorption strength
(]
h

[
o
I

Cl A2 C2 C3 A5 C4 C5 A8 (b
Welding plate no.
Fig. 4-28. Results of impact test according to opening angle of welding

specimens

A TP ol FEAZ AHd Y FEEH WHE AAste E3e 19
sy

Fig. 4-29914 H¥ &Ho|&Feo FE 7HAd wmE SHzHAA Ha7t~ COy
100%0l <& JEld ], H 37l CO, 20% + Ar 80%9] &3k~ vl -5 AEd
o] FAXZS yetdl Aol o] F B IS CO, 100%°] 2% AHe FE 7H7
3mm¥ FrdudAZE b =A vErs

H3o7b2~ COr 100%] #5889 FE H4 3mm¥ W FFduUA7F FE 174
Smm% W Bt F=A vEskth

B3 7k~ COz 20% + Ar 80%° E£37t2el HFEHEHAME FE 14 3mmed
gl S5y 7t FE b4 5mméY W Hoh =A YERRT
AAAcr A4n & o &5 FA4A7 FE 4 3mmY wWeo FFoyA
FE 7t4 59 o] 2oy =4 YERT oA FEIRE o] 22 3mme 5mm°ﬂ X
|2 o]l 2o &3 mAd ®Huo A7 JheA = &% %kol A7) Wl 1 v

]
of og BEEA Walsh A9y WiEelet AmEL A¥ SP AT WAL E 3

_87_



[kgf-m/em?]
(S W w
i O Lo TR W [ |

Athbsorption strength
[\
("]

L L L L L

=t
o

1 | 1 l

D1 AS D3 A8
Welding plate no.

Fig. 4-29. Results of impact test according to root gap of welding joints

5. € F-9 EY7IL v & B E FHAEF

gHRe E@sbes v go we FAANGES 7 AR CO, 10% + Ar 90%, CO,
20% + Ar 80%, CO2 30% + Ar 70%<° E37F2 vHl&o we} He7t~2 A8t
Table 3-8% o] T&alA &t Aue) My PHow ANdd L4
sk,

Fig. 4-30914 B¥l &0 83e] Ed7bx vl go] we §92A0A CO, 10% +
Ar 90%°] E@7h2 wgol W THed9 W, CO» 20% + Ar 80%°] Eslzd] ]
TEEHY W, COp 30% + Ar 0% B bzol M TEEHY we FAAE U
W Aolth o] % CO, 30% + Ar 70%¢] E@7bzo] WEHEH we] Fio X7}
b4 A ek

AL A A 27 F @Ak Tl g BY) fEe] SAEHA AN AA

of Avg EFAAJ A YEtow Ardy,

_88_



[kgf-m/cm?]
w b
v O

T T

(W8]
o
T 7T

El A8 E3
Welding plate no.

M
(=
|

L ]

[
L
I

Athbsorption strength
(R ]
a8

—
o
|

Fig. 4-30. Results of impact test according to a mixing gas ratio of welding

joints

2w

Sl 59 oY Z2 Hell 160C o o] fi-of et
Table 3-99F Zo] &3k e el Ao HF&8H WPo s AAste] &S
Z1 83} A ot

Fig. 4-31e14 B ®H357t2 COp 100%°l FE 2+2 5mm=E 7|47} 50°9] &35
o dde Fx & Fl £3AdH, B57l2 COr 100%°] FE 2 5mm=z 747
50°9] & Fel 160T A= dds A2 £H3AEH, o7t~ CO, 100%0] FE +4
3mm=E 7A7F 50°¢] & o ofdstA] e F2 £HAIPH, RE7F2 CO.100%0
FE A Smm= JHAZE 40°9] &R Fol odstA] & F4 SHAIRH, HIETFA
CO: 100%9°] FE 7t 5mm=z 7|47 40°¢] &850 160C A= L3 Cl Al
dH, Bo7k2 CO, 20% + Ar80%9 &gt7tzel FE 34 Smm= 7H4d7F 50°9 &
HRo] ddax] F2 F5 SHAGA, BE7tA COy 2% + Ar 80%2] Eg7hso F
E 7+ 5mmz A7 50°9 &F Rl 160C A= D3 A8 SHAGAS =AY
A e FFAUAE YERA Aol

o] & HA|NA EI7FE CO; 100%0] FE +2 3mm=E /A 7Z; 5009 874 Fof o
&g F2 853/l b 2 FFolUAE Hte T

B3 7k COp 100%0] FE 44 5mm=zE 7|47 50° S35
= dds FA ¥ Fl AR D3 A2 AP

I,
>,
o)
rlo

N

N
>,
ni

6. €HolEFH 4 FF BE FHA
<

1054

X

AN

)

of FAA A

oy 7k =

mlof

_89_



HE7k2 COp 100%9] FE 4 3mmet 5mm, /W47 50°2] S&HFAIEA FAA
Yol A 160°2 o datd L, FEIZC 5mmed A2 SHAFHRY LA G F
E 4 3mm¢l F2 &7AIAH Y F5AUdAZE A HEr

B3 7k COp 100%0] FE 7+4 5mmz /HA7E 40°9] - FAEH S AAFlA
160°%2 g3 Cl &PAFART dds F4 ¥ F4 &JA1FH] FFAdA7t
A Ve

F7b2 COp 20% + Ar 80%9] EF7b2ol FE 147 Smmz AAZE 5000 &5
AR FAAFAA 160°= e A8 S FARY odS T4 FE F5 &HA
A FFAUdAIE A YRS
AAAoz = o 22 SHEAMA odstA] ¥ EHAIE
ARG FFoUuA 7t 2A e S, olie x2S
Aol F7 E 7] wiitolebal Abm T

F_LL

o

LER

=

o

40
35
30
25
20
15
10

[kgf-m/fcm?]

Athbsorption strength

ety

F1 A2 F2 F4 C1 F5 A8
Welding plate no.

Fig. 4-31. Results of impact test according to preheating and non-preheating

of welding specimens

_90_



Aol A AT W, FARE
A ol FAY gslolor sta, 1 F FYH meel wel AE
Qzisle] gaslojel Bk oW Ee A A|FE %

=
of % AN ZAAZE Ao vATES 2Y gho] W TS wE

Heat Affected Zone ©]&}1L 3t}

_______________________________________________________ : Liquid
...... Solidified weld "7 1600

solid-liquid transition zone

Liquid +V¥

grain growth zone

Peak temperature[oc]

recrystallized zone

partially transformed zone 800

tempered zone H a+ FESC

unaffected hase

\ material

400+

200+

T
0.15 1.0 Wt %

heat affected zone Fe

C
Fig. 4-32. A schematic diagram of the various sub-zones of the heat-affected

zone to the alloy

HAZ= AFF9e= Y 5 glow, Fig. 4-329F #o] 29 dWss & Atk
b AT Al e 2] M2 Ee AL, 4
S

AH AL 21 vk T2 FEsh QPP T pEx

AR ARG, o] dAtolF 2 ofad e o]Fy BA dHEEo] 7% aey
T Wk & A5 dAY 9 VIAA Al wel Wdn. 24 AT

_91_



| w
Aol 2, AAH Lwol A fA AT W7 A}

S

E IR

k)
pul

s

ko] 4

of glejM= EA e vAzAe]l Sl o
gepin &4l 9
o] 2ol ¢

T

H

Ton
mK
4r
kst
|

ox

¢

o

Xy

gjEez &

1ol

S

Soto g AH wi Aulg(ek 109 of

b= 917 w2l o

K

2

=
|

A5 el

o5 &

)
pul

2=

AL Waw zzog)

b7 Askel §3 =

S

o 1
= 0

A

}

°©

A4

=

=

CRESER

iy
o

B

o

N

Iy
2K

e}
T

el
o] A

4

S

ol o
o el

-

T

i)

I

¥zt w7t
A =, ol

89 A v

]

A

o]

)

+o]

S

e

)
pul

=

1

~K

™

ruze]

s

2

3
S EA 3 7AH A

3|

ato] A

=
S

==
R

Gl

[e)
o AN 44

H

T

7447
420 < 3te]

8%

[e)

=

-

T

o

R

3T

o] 3}

7g el A
2

oL
[}
g =

84

-

AAGAEE AA &4 EAZE vAzA

S ol gl o]

g S

= o
o,

A

o
00

Bo

o

o AAA 4

=]
T

8%
84 Maz A

KR
T

SHEd

2 Bao] SPTOIA A
o =7, §4 A4Pel

s

=g

k3|
o &7 Waz %

=
sk S

i3

A}

}-
=1
N

k)
pul

ol &

o @4

o
o

o
TR

o)
Ho
B
e
KA
olo
I
B

=

RLA

ol 7]

7]
hmi

o]

-

T

At

dol 7bd 240l x
_92_

-

T

5t

°©

2 A

HH

=g



= g

B Ao ATOS 80 g 7o §Hx3ld we

o Table 4-13 %ol 27t §AAFAS TRt

1. 8H0l59 & 5o B}E &

SAolse Ha ol mE ST WAR 2APAE 4 AR
g 2~ Z=o whg} Table. 3-49} o] F&ahA] ¢ki= Ao vEEeHY Y 1=

B ol FEHAZ el TLEH PHS A
A

Figs. 4-33014 B d)x Fo fe &z

2 &A% gAY vag 24& g5y go] uFd

_93_

~
™
=
1
il
N
>
uh)
2>



(a) A2 (b) A5

(c) A6 (d) A8

(e) A9

Fig 4-33. Micro structs of weld specimen of welding pass number
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(h) A8

(g) B8

(1) B9

Fig 4-34. Micro structs of weld specimen of shielding gas amounts
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Fig 4-35. Micro structs of weld specimens opening angle
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Fig 4-36. Micro structs of weld specimens of joints root gap
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(g) A8

Fig 4-38. Micro structs of weld specimens joints preheating and

non-preheating
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Micro section 3.

Fig. 4-41. Micro structure of A3 welding joint
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Fig. 4-42. Micro structure of Ab welding joint
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Fig. 4-44. Micro structure of A8 welding joint
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Micro section 1. Micro section 2. Mlcro sectlon 3

Fig. 4-45. Micro structure of A9 welding joint
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Micro section 1.

Fig. 4-46. Micro structure of B2 welding joint
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Fig. 4-47. Micro structure of A2 welding joint
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Fig. 4-48. Micro structure of B3 welding joint
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Fig. 4-49. Micro structure of Bb5 welding joint
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Micro section 3.

Micro section 2.

Fig. 4-50. Micro structure of Ab welding joint
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Fig. 4-51. Micro structure of B6 welding joint
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Fig. 4-52. Micro structure of B8 welding joint
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Fig. 4-53. Micro structure of A8 welding joint
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Micro Micro section 2.

Fig. 4-54. Micro structure of B9 welding joint
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Fig. 4-55. Micro structure of C1 welding joint
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Micro section 2.

Fig. 4-56. Micro structure of A2 welding joint
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Micro section 1.

Fig. 4-57. Micro structure of C2 welding joint
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Mlcro sectlon 1. Mlcro sectlon 2. Mlcro sectlon 3.

Fig. 4-58. Micro structure of C3 welding joint
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Micro section 2.

Fig. 4-59. Micro structure of Ab welding joint
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Micro section 1.

Fig. 4-60. Micro structure of C4 welding joint
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Fig. 4-61. Micro structure of Cb welding joint
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Micro section 2. Micro section 3.

Micro section 1.

Fig. 4-62. Micro structure of A8 welding joint
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Micro sectlon 1 Mlcro sectlon 2 Mlcro sectlon 3.

Fig. 4-64. Micro structure of D1 welding joint
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Micro section 2.

Fig. 4-65. Micro structure of Ab welding joint
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Fig. 4-66. Micro structure of D3 welding joint
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Fig. 4-67. Micro structure of A8 welding joint
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Fig. 4-68. Micro structure of E1 welding joint
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Fig. 4-69. Micro structure of A8 welding joint
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Fig. 4-70. Micro structure of E3 welding joint
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Fig. 4-71. Micro structure of F1 welding joint
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Fig. 4-72. Micro structure of A2 welding joint
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Fig. 4-73. Micro structure of F2 welding joint
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Fig. 4-74. Micro structure of F4 welding joint
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Fig. 4-75 Micro structure of C1l welding joint
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Fig. 4-76 Micro structure of F5 welding joint
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Fig. 4-77. Micro structure of A8 welding joint
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Fig. 4-78. X-ray radiographic test film of welding specimen to 4pass at COq
100%
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Fig. 4-79. X-ray radiographic test film of welding specimen to bpass at CO2
100%
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Fig. 4-80. X-ray radiographic test film of welding specimen to 4pass at COz
20% + Ar 80%
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Fig. 4-81. X-ray radiographic test film of welding specimen to bpass at CO2
20% +Ar 80%
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Fig. 4-82. X-ray radiographic test film of welding specimen by 4pass at CO3
100% in 154 /min
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Fig. 4-83. X-ray radiographic test film of welding specimen to 4pass at COq
100% in 20 # /min
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Fig. 4-84. X-ray radiographic test film of welding specimen to 4pass at CO2
100% in 254 /min

1. COz 20% + Ar 80%%Q o BE7l2%d me gofr]o
Fig. 4-85% H37F27F COz 20% +Ar 80%% &7t~ ¢ BE7b~ %& 154 /min
= 899 F, XHom Tistel HYT BF WA $UATL A Ro2A, 1
O

ol 124 ol FES EEZF &% 2354 10mm o €W &4

- 151 -



of EAste]l XA HAF vlwel =%
80%9] 7k~HE F& 204/minoZ ST F XA FI FII dE Al dehd
A8} HlaLste] HE, W 7hAREO] 54 /mine] Aol &AF ¢ A= F gl vt
2H3F o] FFato] AFshE oF IS %A Hao] 2§ Fo] wo] wAsta

M =7} 23 el A Ee £4o] HeArta AR

i)
o
N

b

Fig. 4-85. X-ray radiographic test film of welding specimen to 4pass at COq
20% + Ar 80% in 154 /min
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Fig. 4-86. X-ray radiographic test film of welding specimen to 4pass at CO:
100% +Ar80% in 20 .4 /min
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Fig. 4-87. X-ray radiographic test film of welding specimen to 4pass at COq
100% +Ar 80% in 254 /min
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Fig. 4-88. X-ray radiographic test film of shielding gas COz 100% welding

specimen by opening angle 40°
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Fig. 4-89. X-ray radiographic test film of shielding gas COz 100% welding

specimen by opening angle 50°
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Fig. 4-90. X-ray radiographic test film of shielding gas CO2 100% welding

specimen by opening angle 60°
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Fig. 4-91. X-ray radiographic test film of shielding gas CO2 20% + Ar 80%

welding specimen by opening angle 40°
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Fig. 4-92. X-ray radiographic test film of shielding gas COz 20% +Ar 80%

welding specimen by opening angle 50°
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Fig. 4-93. X-ray radiographic test film of shielding gas CO3 20% +Ar 80%

welding specimen by opening angle 60°
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Fig. 4-94. X-ray radiographic test film of shielding gas CO2 20% + Ar 80%
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Fig. 4-95. X-ray radiographic test film of shielding gas CO2 20% + Ar 80%

welding specimen by root gap 5[mml
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Fig. 4-96. X-ray radiographic test film of shielding gas COz 1026 +Ar 90%

welding specimen
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Fig. 4-97. X-ray radiographic test film of shielding gas CO2 20% + Ar 80%

welding specimen
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Fig. 4-98. X-ray radiographic test film of shielding gas CO2 30% +Ar 70%

welding specimen
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Fig. 4-99. X-ray radiographic test film of shielding gas CO2 100% in

preheating welding specimen
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Fig. 4-100. X-ray radiographic test film of shielding gas CO; 100% in

no—npreheating welding specimen
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Fig. 4-101. X-ray radiographic test film of shielding gas COz 20% +Ar 80% in

preheating welding specimen
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Fig. 4-102. X-ray radiographic test film of shielding gas COz 20% +Ar 80% in

non-preheating welding specimen
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