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Abstract

This study was undertaken to evaluate the allowable welding heat input range for high strength
steels manufactured by various processes and to compare the weldability of TMCP steel for high
heat input welding with that of conventional Ti-added normalized steel.

The allowable welding heat input ranges for conventional 50kg/mm? steel to guarantee D or E
grade of ship structural steel were below 150 and 80kJ/cm respectively. Such a limit in welding heat
input was closely related with the formation of undesirable microstructures, such as grain boundary
ferrite and ferrite side plate in the coarse grain HAZ.

In case of 60 and 80kg/mm? quenched and tempered steels, for securing toughness in weldments
over toughness requirements for base metal, each welding heat input had to be restricted below 60
and 40kJ/cm, that was mainly due to coarsened polygonal ferrite in weld metal and lower
temperature transformation products in coarse grain HAZ.

The TMCP steel could be appropriate as a grade E ship hull steel up to 200kJ/cm, but the Ti-
added normalized steel could be applied only below 130k J/cm under the same rule. This difference
was partly owing to whether uniform and fine intragranular ferrite microstructure was well
developed in HAZ or not.
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Table 1 Chemical compositions of steels investigated

Steel C Si Mn P S Ni Mo A% Cr Nb Ti B |Pcm* |Ceq** [Remarks
A 0,14 0,40 1.32 0,016 0.004 0,01 - 0,046 -~ 0,02 0,23 | 0.38 |HT50
B 0.15 0.28 1.30 0.018 0,005 0,11 0.15 0,035 - 0.24 | 0.42 HT60
C 0.15 0,22 0.8 0,020 0,005 - 0,17 0.047 0,59 - 0.013 0,0015| 0,26 | 0.48 |[HT80
X 0.13 0.35 1.43 0.016 0,004 0,11 0.01 0,043 - - 0,019 - 0.22 | 0.39 {Nor,
Y [0.105 0.22 1.43 0,013 0,004 0,02 0.08 0,040 - 0,01 0,013 - 0,19 0,38 LTMCP

* Pcm=C+8i/30+ (Mn+Cr+Cu)/20+Ni/60+Mo/15+V/10+5B(%)
* % Ceq=C+Si/24+Mn/6+Ni/40+Cr/5+Mo/4+V/14(%)
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Table 2 Welding conditions
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. Welding Condition
Steel Process & Joint Detail IFI’;;}_I eeflstsnt1g & C Vol Speed Heat
Consumables p( ) emp. Electrode u(xze):nt (Z\t]a)lge crII)xe/?n Input
(kJ/cm)
- One-side L* 850 34 39 80
SAW 50 - T** 650 35 39
A - EH14(4,84) L 1000 35 35
102
44 T 650 38 35
PF152E 1% L 1050 35 27
. 153
T 850 38 27
. SMAW 1G 200 26 10 31
457
B | - E9016G ‘0 32 150 3G 160 23 4.5 49
(4.04) I
5 3G 160 25 3 80
. SMAW — 60~ 1G 200 26 10 31
13
C - E11016G 25 —t 5 150 3G 180 24 6 43
(4.04) \C } 10
50 3G 180 25 4.5 60

* L : Leading Electrode, % * T . Trailing Electrode

w2 SR QAE 23 ACycledd AHE F
3 zAslE AW HAZZZ e Haids A
wokeh, 84 o Cycled nFs} f5 7pd o

9]  Metal Thermal Cycle Simulator (°}
MTCS) & ol &3l Az 71d &=+ &4 49
g3 zodo) sl 1,350°CE sk 800TC ol
A} 500°C 7ke} 7t Aj7k(o]3t ATys) & 10Z0A
1,000% HollA Wzt S5 5 HEAHA Fo3tyd

/g‘
].

3. 1. 50-80kg/mm*zm AxHU9

2H YE A5y B}

Table 3%

AR AAH 4Ae Helw
Aoleh, = QA% =4

Aol FANM AR

Table 3 Mechanical properties of steels used

Tensile Properties Impact Properties

YP TS El vE: | vTrE | vTrS
kg/mm? lkg/mm?| (%) | kg-m | (C) | (C)

Steel

35.3 | 52.9 30 | vE_
A |(z34, 11,3 | —40 | —36
5)* (23.5)
64.5 | 73.9 27 | VE-i

B | (250) |(62-74)| (219) | 16.0 | —55 | —56
(24.8)

79.1 | 85.4 24 | vE_;5
C {(z70)} (77,5 |(=18)| 16.7 | —55 | —53
-91,0) (23.6)

. Specification Requirements

*
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—40cH = e B,C%
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% : i TR T Lk W R T e 5 ot ) :
Photo.1 Variation of microstructures in welded joint of steel A for A) W.M, B) F.L and C) 2mm
from F.L with welding heat input, a) 80, b) 102 and ¢) 80kJ/cm

dz"\%ge‘ o g 1 5 2 1

slev] qledagk Z7h4] ol zAe] zdld s& FerriteF4l9] z=2cz2 wHisdy C4 42
des veElglen 102k]/cm 150k]/cmz 7] %o A4 ¥ AY A gdgel AW
Apolel & & abe]7} ®e|z ¢tz vt Polygonal of ciorgl el mi4] FerriteFAl o 23 o
Ferrite(¢]3} PF)z=2 2go| i Zs}ats o + Martensite £+ Bainitez 2l o] Zaja) gl o
4 A9 FLzAe & 27 3EHow ol 4= &uE Sls cobaF HskE Ni, Mn,
A F5e2 $¢ Ui GBFzAe| FLYAd S Mo 52 434 =l od A4S A et
3 Hdg=al Epitaxial 4% A%5& Hols 9 & 4 et C7 HAZz A o FLY-TolA& o
A3 Fol4] Wl =+ o] Ferrite Side Plate(°] A EH F5olA & eby Ferrite 239 o8
s FSP)Falel zAol4] PFz2 =z w3 = oAl wlwA =& Ferritez o] &3 +
2 GBFzAo] tt4 zdigtgdg oas &= 9lal Sz dd 4 BAE Aule) glder S
o}, utd AAR A AEE Flel velhuglo
FLo A 2mmgoixl 5o 240 FLZA 3.2. TMCPZ Ti&7} Normalizedzte|
dla GBFz=o] Agts] wabsio] gle &AL fhel XeA Ty
el %, A7 HAZQ A 7% olde =
Hell whE 4 Aet A4 Fa Yadss Ao Fig. 4= Tid7} = Normalizingd =l 93
of 94l Austenited B A3} oo w2 GBF Alz"d HT505 Hdd €487 X33 Aolgt
zA e zdislel] 71eldt Ao g Az el el oo sb&E A elo s Alzd F5 A=
B,C7%¢ 4% =212 Photo.2 % Photo, 39 FEo TMCPZAQ Y#e| 24l 34 S48 =4
A vehdeleh slad Adzdeld $a@4 2 @A wlag slelch,
z7& GBF, AF, FSP %9 zao| &Asl o X732 0CelA el &4 vz (vEo) % ol
o F4F dAHsst A7) 80k]/em 9ld =A ol 2E(VITE)7} 27 26kg-m, —40CHF<l
oAl 24L& =old PF 24 FA2 olsix glyd bl wls] Y7ol 2% Upper Shelf Energys} ot
o, HAZ =22 glodat Z714] BainiteF=A|of A d0kg-me]l L —40CHA = FHolvixel Aeld

Jouwrnal of KWS, Vol. 7, No. 3, Sep., 1989



HHBER SR B Bt mlAE Ml MBS Bk AREY BE 49

Photo.2 Variation of microstructures in welded joint of steel B for A) W.M, B) F.L and C) 2mm
from F.L with welding heat input, a) 30, by 50 and c¢) 80k]J/cm

Photo.3 Variation of microstructures in welded joint of steel C for A) W.M, B) F.L and C) 2mm
from F.L with welding heat input, a) 31, b) 43 and ¢) 60k]J/cm
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Photo.7 The change of simulated HAZ
microstructures in a) steel X, b) steel Y and
c) steel C with cooling time from 800°C to
500C, a) 20, b) 50 and c¢) 210sec and
d) 1, 000sec
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