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Abstract

The effect of carbon content on hot cracking of welded carbon steel was investigated. Eight
steel plates whose carbon content range from 0.02 to 0.23 percent were welded by autogeneous
gas tungsten arc process.

Constant strain was applied to the hot crack test specimen under the strain rate of 0.15 mm per
second during welding.

The hot cracking susceptibility was high in the range of 0.02-0.05 and 0.12-0.23 percent carbon
contents. The critical carbon content immune to hot cracking is in the range from 0.07 to 0.12
percent carbon.

By electron probe microanalyser, manganese segregation was not seen significantly in the
whole carbon range. But segregation of silicon was higher in the region of low carbon contents.
However, sulphur was segregated remarkably in the region between 0.18 and 0.23 percent carbon
by peritectic reaction.

Very small amount of dendritic structure was observed in the region from 0.02 to 0.05 percent
carbon but the predominant solidification structure was smooth by cellular growth. The higher
the carbon content is, the more the columnar dendritic structure was observed.
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Fig.1. Effect of constitutional features on cracking
susceptibility in binary systems

KRERREER, FeR F4, 19884 128

wREZRY BE

17

7b FotA B2 [HEY sFol el wle} o)
BERBMAZIEL Woliok & Aol

el SAEEe Fagdel viAe gF dx
2] <d 3o wislA+ Wilkinsons¢] Houldcroft4]
ol ofstol el 4 F42 SEBRBBEM (hot
cracking susceptibility, HCS) 7} 3% 4 ek
el A2 A ohE Alg Alatsta Qe

C{SI+[PI+[S1/25 +[Ni)/ 100} X 10°

HeS e T+ TP 4 (Mo T + 1V

(1)

=3 Cottrell® HuxleyAl&ol 2|s}ed ulziol
TIG &3 A12] ¥ 244 alA(crack susceptib-
ility factor, CSF)2} 394 shekntel YA =
e Aoz e gl

CSFoo{[PI([C]+0.142[ Ni]+0, 282[ Mn]
+0.2[Co]—0,14[Mo] —0,224[ V]
+0.195[S]+0. 00216[Cu]} X 10* ----- (2)

ZE|v; ol Abe) AT 0.1
% ool el H3lod odojxl Azpo|x, Elad
2 0.1% °lshe] JKIRFEH S Tdo) HelM=
7ol A7 Aart masleigla o

g, %m«l ol A 2l %k*ol Ao wAzte

3‘41 Ohshita5& ®h£3r2F 0,011~0, 192%¢9)
FarFEMel <= 24 (manual arc welding) % gas
shielded arc E#HZF%9 Lo AL =3
of, ebzghake] 0,05~0,10% o3t e L n
Aol WAy 4dy Busly g

E AMYEE BIEREMN AT 2oy
of Wigk A+ A, sl gEke]
ol Al Gafd Wl Aol Eoin Mydan
o, aEla 3 o] %= A ' FEko] 0,06% o
7} =™ dendrlte/i 15k arm 7+ o)
]
|

s



arm A wa e 0.06% A%sh 27 8l
4AY AEA Baseta 4

2+ o}

Y EEE LS cast-pin 18R] o =L 3
gks Feldte 2 gavty $add g 3
of S —HCR FuIE AL, TA HAEL
v .

HEol 6 Aol wlste] el L&l =t
o] MAElu 2 FEiol &2 E}‘Tﬁ‘%"
FHoz $ust SLmREl I
filmo] A= 7] wiFoll i ¢4 :}‘F‘é"] ol

Ak M kgl e}, o0
ol 4 o] H—RF FTHRBEANN SRR
A7) A ke 0,1% olste] Blx 3eknl L3
uEL =
ks

oq‘

Fabe] BAS daME A ol
Helole WA gz, = FHol
wa gl Al o}z Wy 2

I A FHoAM F2 owta ek 0,1% olshal
ERFEMR Sdd g dele =3ls
3hol 0,02~0.23% = B4 3ekRe wEjslE 4]
£3 A2 TIG $AF 1% 35 Hajsin
24 4 259 & ¢2 Zr4 4 S g
of vlAe 'l dake] JgFe =

2 o}‘iiﬂ}
Aol FUARE FE 99.9%9 AHHL A
L34, = A Y4rE £ 98%9 24 F
49k 99.9%9 A Pr-g ALEE A

£ zde ofz 2 sla B FollA mEs)t
F5 stdze] sted FaAsge,
4% =48 st S55C Mol Az
F At E, BESES 27%Se FeSE
A 7hsted oF 0.015%2 stgich,

Balol £ Fetol=f £hE AHgstel, 13]9)
238 2500g0], As =7 o FE FAE

WM - RS - BFY

Arbsto] BRAMEE F, 76X90%48(mm)2] HHEE
Eoich, o] $HME 950°ColA @xk gtadste] st
FA 6mm2] Ko 3hict

Table 1o °o]& 8§FF9 #AMe 3 =4E
e o},

Table 1. Chemical compositions of steels used

elements, wt, %

C Si  Mn P S Mn/S
1 002 024 027 0.003 0.014 19.3
2 0.03 014 033 0.004 0.014 23.6
3 0.05 014 055 0004 0.016 344
-4 007 021 096 0005 0.016 60.0
5
6

0.09 014 0.70 0.006 0.016 43.8
012 020 0.89 0.006 0.015 59.3
-7 018 019 0.76 0.009 0014 54.3
M-8 023 011 050 0.011 0.013 38.5
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Table 2. Measured crack length in solidification

crack test
MCL TCL MCB
steels (mm) (mm) (mm)
A B A B A

3.43 2.25 16.65 5.34 0.15
5.57 5.52 12.86 10.07 0.30
5.57 2.25 15.74 11.60 0.24

0.78 0 5.19 0 0.02
- 0.63 0 5.80 0 0.08
- 1.02 0 1.47 0 0.05
- 10.20 8.72 12.29 8.72 0.69
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14.27 | 13.70 15.86 13.70 0.93

* MCL : maximum crack length,
TCL: total crack length
MCB : maximum crack breadth
* A : measured by optical microscope
B: measured by X-ray
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