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Abstract

High strength steels are used to lighten weights, save
materials and improve performance in structure. But, when
they are used as materials for welded structure, some problems—
brittleness and welded cracking, lamellar tear, etc,—occur
due to a specific character in mechanical properties.

This study is carried out to investigate the dominant
factors which reduce toughness from discussing continuous
micro-structures and hardness, the absorbed energy in weld
of EGW (Electro-Gas Welding), that is, High heat input welding
and SMAW (shielded Metal Arc Welding) in low hydrogen system,
In domestic SMA 50 steels, respectively.

Also, the fracture toughnesses of the simulated weld-bond
with various thermal cycles were quantatively examined in
order to provide the basic data for further development of the
high strength steels for high heat input welding.

The resultsgained are as follows;

1. The cooling rate of EGW and SMAW shows 2.0°C and 9.1%%
per second respectively between 800°C and 500°¢C.
2. The heat affected zone of EGW is larger than that of SMAW

by 3 times.
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3. The hardness in weld-bond of EGW does not exceed 240 of
Vickers hardness.

4. The toughness in weld-bond of SMAW is about 77% and EGW
is 21% in compared with that of base metal.

5. The transition region of ductile to brittle shows -40°C~
-60°C in base metal,420°C ~ —40°C for EGW and -40°C ~ -60°C
for SMAW.

6. Teh grain size of prior austenite in weld-bond of EGW ap-
pears to be more coarse than that of SMAW by 2 times.

7. The improvement of toughness is expected if the cooling

rate of weld-bond 1is fast.
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ok DHRC RS BEEM, Mo B R smEms @ﬁﬂ&"ﬁé% IEINSEPS EAEE T Sl N
2 Ame] sleme R O BUHEEEZE gekElel shal glan, wob FE kB &k Dbt iR
shal Saek

Lol vl pngk D H S L SREES o7 sl olesiA ik ke BilushAd HE SR
o gmabod MRS 3lo) oh Sl BB MEM R 2 A GE Ll oleizhx] [Aiihe] whEcl
i frHObTS) B M% b o] aBel Fuabe] MEEENLG] RIS B %flﬁ‘éﬁ'ﬁ:-i! 7k 2] 9ot
W s, vheielelod (lamellar tear ) 8f 702 Wl#a ol oxiep!) 20

omEhEy G Geps] B osbel i Mbeh ipbdel] Zardl b

RS 1t P e I PTR S SR L I

foel] BURT Brivdn, BEERIRL, RGN B0l heoT sbn) gl et ieleh clelah im0

GOE b Alpl o] vl fudrEel wel fkislx gl Ajmel A clob Z &R ( Submerged Arc Weld -

ing ol e 1 (Electro Slag Welding) 5, AAZ BEEIN - 1] 00 38 Bl

el LEIEGE ReAAmO] BUN, SRR LAt BAR7E Sl SRl apms el g Yo D
shal P A B SR dpke L HER W SR SR BRI T RAEsl L WA s, ool

BRLel wrab LAB IRERDL miey T RGEERS geERgkal obfe] c|7lE bEtR NAR R al

ik i EEe] BREE MY o BRVE Gk

o ki lad s e Eesked RS Lo Gls WM Sokg /mmiE EdE Rt L BS

e A

foy oA pmpEel cldlv e viA ik (Electro gas Welding ) % Bk mrmTpe] M Wil

IR AL R A e BiBep srnuC R e, EBEstoivl Lab e s s =
A Loglgkot AR RNy R 2.2 (Bond ) EY BTE siedl¢ &

dred o AUAER BERY BUM ) DS TyvEE OB RS b wosb bidel L RAEY IREEN] B bk O
TR T R A A 2 A T LR ST R

2. B B4 K

LoBiven BEHIZE BRAFE Sl 15 mme] BRE SMA 50 JERE dsk DEA R Cr (B ot R
BT LR Table. o vhetuigiel® 9

b W% otobzi k54 (Shielded Metal Arc Welding: SMAW) HE&H 2 o=@ 7he
{ Electro~Gas Welding: EGW) #ABRN migpy AN B SR B MY HE S Table. 24
Chepoglic) B otob I Mm-S BUE SN (L KER (KSE 5016) 2 300°Col A 1 sl
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Tabe 1. Chemical compositions & mechanical properties of base metal.

Base Chemical compositions (wt%) Mechanical properties

metal Ceq.
. Y.P T.S E1 | V-Charpy

smaso | C | St My PSS sl Al (kg me) kg mt)| (%) | (k=)

(15 mmt )| 0.16 | 0.45 ] 1,49 | 0.015]| 0,009 | 0,046 38 54.5 26 6.2(-20C) | 0.43

Ceq. =C + Mn/6 + Si1/24 + Cr/5 + Ni/40 + Mo/ 4 + V/14 (%)

Table 2, Chemical compositions & mechanical properties of weld metal.

Chemical compositions (wt %) Machanical properties

. Y.P T.S El V~Charpy
C Si | Mn P S| Mo |k m?) (kg m2)| (%) (log—m)

SMAW °
(Low hydrogen) 0,07 | 0.53 | 0.98 0.014] 0.010 - 49 57 32 19(-200C)

EGW . . 9
(CO, Gas) 0.07 | 0.38} 1.76{ 0.012] 0,012 | 0.13 44 60 27 7.6(-107C)

SMAW : Shielded Metal Arc Welding (Low hydrogen. KSE 5016 )
EGW :Electro-Gas Welding (CO, Gas. KAW 3G. 52G)

BB olol A i (SMAW) Biol ¥ B2 he i (EGW) # 181 (groove ) k3 2| (no-
tch) fiIfE 2 ## HH-S Fig.1, Fig.2, Table 3o &4 Jeluloich i olola -2 £J& (5
Pass ) o2 Fffishol om sBRN WEE #osjo] To| HIE-S MEE Lo # o] 23S WEYE T I
S5 Fig. 1ol B/Rgt vhep o] fithe] Hifirol B4# RA¥ ( PR Thermo-Couple ) 5 fiAste],
ol & X-Y acgkatel Asstel fiEstgl om Fig.2 = #8070 Bl AWIHEL (Macro-Struc-
ture) ol = EWHBA W L] w2 U2E Gehyglep 10
B KBS M BEHES BH HErE ABA a0l #ele 8BS Wx U5 FHE E M
B (8004 x 150 x 157) 245 Fijf sbeeh!l)

olop7te] BfEEH - MM AR Mo el ABRI-S ERASHS B el ML B
HEsta Ak29] (charpy ) BBl ot B L o] MBS Wisele, T8 #H oola
B ( SMAW) B59 KA el Jddle s s i (EGW) Ree| S#4S Wig £% kgl
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— —
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TLC‘ \ Thermo couple(PR) i
Q 15 —= XY recorder —— X-Y recorder
S
-

2
EGW SMAW

Fig. 1 Shape of welding groove.

10

SMAW

EGW

10
o 133481 5,444

Fig. 2 Macro- structure and notch positions(section)
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Table 3. Welding condition

Speed Ampere Voltage | Heat input

(cmy/min) | (A) (V) | Joule em) Remark
SMAW | 15-16 [170 - 180| 25 - 30 21,600 | Drying condition of electrode
:1hr at 300C, 4mmg¢g
EGW 10 570 30 102,600 | Shield gas CO,, 304/min.
Wire3.2 mm ¢

R RA# MR EHE 3 RERA/K] B LIl Rumgkel it BEL FEMNOO K
g A#rskg et

A714 2kZs] HBAY BERE B T bRl A et o WiEs A s Efie]l VI -
28 KS #2 (KS B0809) 4% SBRH o2 mTshd pumine BB 7 stgg? 12)

2] HERH Y SMAS0 BIRS MM KAR BEE EA B KLY BEEGS mEss 9
8 # #o|F (Thermal Cycle ) o =& MMy 454 LS 5 REEH BH & Ho|2 RBS
S8 Boeshal ok,

B B Ao]2 HBRS BAN SF MR BES FFEstd S0uC ~ 500T Mo B HFES 4
IR A A &5 snlel ool MRk, BE, BT WKL EEsld RO MM SHEEE o
7l BE BE HES %8 shg 1Y)

3. AR 2 B8

3 - 1. RAR R gl 3 M ¥

RAR BENS fEE Loie] #o]lZ M-S FB) wB olot2 iBE ( SMAW) 3 H#sio Fig.
3ol vhehdgleh

FE) HE ol B ( SMAW) ollA] BEHS frB= 1, 2/ (1, 2 pass) BrF k&l 4,
5/ (4,5 pass) Mrhs FHel lom® 3/ (3 pass)olA &&E @EQ 1300Ce Figsld M
Bkl 7ha 2 BB 712t 800T ~ 500C Mo A ®EyL 33ME HEM 2%E L 2ol
I el EFE o] Biil o) BEEEMI] UM R u]e]l = (Bead ) ¥ BB v]o] Zol K3l FHSE
B Y B MRS A YT ¢ F Uk olol] el KA e d¥E=R skt BE(EG
W) B #4910 g@ulell 13509 Bllol sk BILE 800C~500C Mo %A &E7L 1478
2 oo 2z HHE Roli gk
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Fig. 3 Thermal history curve of SMAW and EGW.

Photo. 1, Photo. 2 kb3t & mafol 22 vbob vehd 8 LSl Lol ik s T
W obobE & ( SMAW) 3F Qale g sha B (EGW) 2 itisled viebdl Aolwl. g d
B (Welded Metal ) & WM » #E% EE (Heat - Affected Zone) 2 HAZ, #41 (Base Metal )5x
BMe s chebifgiel

s gl SlelAl s 15000 BLES] #AE kol fFg il oFgle ER HIEGK (dendrite) fifke]
coislgiel el O el e cbe ECEGW) Byl A Teloha clepdbainl TRy $8 clorsis

B SNIAW T ke Pass o] w misgl HEke] LBl WS D Zio i iy

Vst -
ETs Fin

e grain <

~ea

Photo. 1 Change of continuous micro-structure with SMAW
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LUER s}~ BE(EGW) Y HEs FRBE otot 2 158 ( SMAW) o Ao Wl +E5 &
B9 ASRR BAML BhRol Wi $ EEEsld, 1 R =a Ake] WAl slo] B Eee M
R B SiRe] A sl 9es o 4+ g E FRHHE otoba i (SMAW) o BE: <
=B R 2 s akke] o] Ml Hrte] W& Ferrite, Pearlite o2 Jeht gl
HilA, JAlEg slx R MA hAg ##3l Bainite &8k JHEe] #U4RS] Ferrite #HR%

o] HEso gL molw Yok

Yzl e BES FHHunm obol 2 fEHE ( SMAW) o] 800CT~500T Mo} AHEBE7F &kolx
=3 BfE HEoR NI HE HEZ w Hu ddeg spa K (EGW) 2 BB (Single Pa-
ss) o® fEgel £ S ™ 800T~500C M) B EBESL w0 B3l 7] o Folr) =3 K g
BE RS BESH(HAZ) 9 BBl A= SR s ok M) 455 ko) Bigmdrl olnL B

RF1100T~900C BEZ M=ol o] Folx fibkos Mimo] ia) HHEI AR BARR oY)
10) 14) 15) 16) 18)

°of e LEHE Yo FEBWE ofol= g ( SMAW) 2 # 2.0mm,d¥ E2 7}~ g (EG
W) ¥ 7.4mm=olx] Aelo] feEgl
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Fig. 7 Relation between grain diameter and distarce from welded bond

o fol ke, B Y el el JHE ER sbA EEE ( EGW) B85 Prior Austenite
Khih B TRV oloh 3 keE ( SMAW) Bl fel 24% &E 24 slol 988 o 4 ek
ahebdl JAM MR o5 @ /A @B el Prior Austenite MK{cE 7 4
Hikal Bainite M@2] Ao] @ Mol Hlol BT MMATE Ader Hoz EEdel

X
fo
1,_\‘

3 -3, #ajol  wbe| B BT ol HBEAY AL

KAR G ( EGW) i #wtoliio] #fpo] b LZile] @it #28{LE &BE6l7| Bt aRE &
HEOmBEES FAstd B 25 B3 fd4el i KRS 1l BABA S 11 x 11 x 55mm
o A7) fulsked #osteld WRELRE pIES] AFEs] HERA 2712 SR sk HERS freholch
#oabo] O fmpr Moo foi FEEEC 1350C 74 308 ubel] FigFslEE sslgon o] @
Bl A 5B MR S FER Sl ABAS ERAA GRS sk ok
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Base metal Bond (SMAW) Bond(EG W)

Photo. 3 Macro-structure & Fractographs of welded Bond (—20°C)

Photo.3-& £#f, F@thl olol2 /& o J¥ =2 s1~ 8 (EGW) £=%2 ~ 20T o
A RS W A ol Aot B4t ®E (Dimple) ~] ko) vebu o] sEIme] iEM
BEEE veh 2 los FRHE olot 2B ( SMAW) Roife] YlAE TR HmEAS wo
I e, ool WAl d¥EE L~ BE(EGW) 9 ESif mES o Z WEEAM (Fracture Fa-
cet) o] BBAEC] Vel glo] MEMEBURS BMHE Rolx gtk

LlEst zro] AAB Q] A ER 7hx fmgpry, Boife] RED 91K BT RKS %895
735kl Prior Austénite #58 MBS ES #E Linear- Intercept kol f&a) #zZsle] vhehy
= Photo. 49 Fig. 7el vepbuigle} 16) 17) 19)

. ‘2 | 4 6 8 10 12 14 e

i

Photo. 4 Change of prior austenite grain size
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£ Basemetal

20 - SMAWBond
< EGWBond
1)
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N

Absorbed energy(Kg-m)
o~
T
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Absorbed energy (Kg-m)

A SMAW
O EGW

I\ i | 1 1
WM Bond HAZ1 HAZ2 BM

|

1 1 . 1 1 H b
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Temperature (°C )

Fig. 5 Absorbed energy of each zone(-20°C) Fig. 6 Absorbed energy with change

of temperature

Fig. bol 4@k s S 4 bl ol o] 22y sbak o ghoas ) aye] olel e w o vrs i R
GW) el 4tz 1 el of 5 “rate] viebdd b =7 Sleb el F Emmyod ekl /el
ol o] MM o A Moo ohgl Gl FeEbEis ool IFRE ( SMAW) 9] P EEs ¥ 77
Yo, LR RS M (EGW ) ERS] SRR 50 21 Sl agwnehi: @Rl A4l o 9
SvoaelEh

Clerirel EEE el A ggtho] b WL REael sleld kel W R ol G g
AU Fig, 6ol viebulgleh

ol Rl ffahe ol ER e g (EGW) B Bl A 9 TEEi obel 68 (SM
AW ) @] Sreiwcl 25 {aHr Wil A fEiail of U ot BE%s Al chebdb glel sgb ang
- WEt BEBS oA BHIE — 400 ~ —socc, FREE  otet 2 B ( SMAW) Er2| RSl
22000 ~— 60°C ) A Hrall ol £ b R ( EGW) 5o FEEs BRI 200 ~-40 C
B2 Baps| T QS weleh elD Fig.6 0 B, B RSE, 2T mE el Btk ol

— 600 ML TFol A R ol L 4 7p 1 kg m FEEEE Bkl urebAS o 4 dlch
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Fig.4 &= F&#k otot 2 B ( SMAW) 31 JAER 71~ &8 ( EGW) o S5fe] B B
ERks Jebd oo}

Hv(300g)

-

0.2mm
L Base metal Hv175 A

%llllllllllllllllLllllLllllllll[llIlllllllll

-1 0 1 2 3 L 5 6 7 (mm)
Distance from welded Bond (mm)

Fig. 4 Change of micro Vickers hardness in welding zone

ol ER sl fEE(EGW) B E=ge] glold &K BEEE Hv (300 §) 240 0|3, FEHME o
ol #EE (SMAW) ol A= Hv(3009)2182 A2 #slw 2 £#e Bola ¥ech  #HetA
T ol glel Al BE Wb vsd A Bolm vk md M RSEkl gleld, Hlbst
2o Ak BE fEx JIS BUE Hv(10) 350 Bobe ¢ o= e B SMASO &k S5
KAR IR R B AFT RS Jeld e ¢ 5 ek

Addl EZ sbA i (EGW) Bt FEIME olot 2 8 (SMAW) Beo] kel glolA k23] &
BRI o) A= (—20C) & Fig. 5o @R shgish
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Gw
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D
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180 210 240 270
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Fig. 8 Thermal history curves with simulation test

sleprra] shel Fig.82 A, B, C, D Hi#fo 2 Asret ulepgol 800C ~ 500C fe] ALy
S 150k, 794, 378, 1280 4HEmE M AZY G4 Ao FL BE AR
102.6K) /omel A g7ee] old 62 vl i ( EGW) 9] smapo] el iigsich

b 79 MR KI80K] frm, 378E# 55K]em, 128 30K] em®l B A®ES 5% &

!

Hv 208 Hv 250 H

Photo. 5 Micro - structure with change of cooling rate

\ 413
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ks 2be #stol T B3 Bl dolA RS M8 2 Micro Vickers 3t Photo. 50l 1}
ehl it

Fhrol dH =2 she g F%S A #ofe] 2 R ¢ HKQl Bainite,Ferrite ko]
Bogslo) MR 3 BEEE: QYEZR shx M (EGW) 9 #5Re AHEMo2 [FSsish Fig.9o
& HEArer % sl SMA 50 (JIS SM50) ##9 SH-CCT Mg 129l 70)c}22)

23) 24)

800 = : — A797°
T00P = —
B : ™~ N =l ; —
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Fig. 9 SH-CCT curve of SM 50 steel

°o]2]d Fig.9¢ SH-CCT i#s Photo.59] ik Moz Y&l 800T ~ 500°C fle] e
filol ghob el whel =% MK &K KEBZ o ST £RK REs Bz o

T FEHAERR-S B EEERIo] w22 Bainite ##keo] M= Ferrite 9 Martensite 02
M I glom, 800C ~ 500T Fie) ®#Eshde] 1289 F-+E Martensite & BB} 60% LA
ko= mmstn o™ Micro Vickers ] BEfEE MMk #bop &7 w0 BERIS Bl wet

ol e ¢ A%

OHE
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Fig. 10 #&xtol 22| Bfel vl & A, B, C, D s8] —20Ce Seld <kos]  m®ul
off L <l of fftt pepdd Aoloh

T

o -20°C

Absorbed energy(Kg-m)

! | I ! ! |
EGW A B C D BM
Kinds of specimen

Fig. 10 Absorbed energy with change of cooling rate

ol #ifas 800C ~ 500T RS #EmERde]l ol el wlel §Ibo] snel . 8-e Mol ok
Csl s sdE e R HEehd, A KRS Bl B sl degal S FHEE AR A MR ol
VAl G Mo R dgel Fkl B Bl Uxlst 6 35% i betdla, BH C & 609 e
Bobaz 2457 = 40 110 A8 il 81982 woli gich

Fibe] Emel A gAte] Bt 800T ~ 5007 Mol & EIBERS] il w2 & SAMHERS] L
Al o g0 R RIEE 3, Martensite BHi#HEel A 8B Ferrite fgkol vebubz] o o zlo

s slivk
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B#E SMAS0 &S #MS HROE KAR B YA ER 7t~ BE (EGW)d FH#E
otol 3 /&E ( SMAW) & &% EAisle B LoHo] S SR s | E53ty, AR 2
#o]Z HBR (SH-CCT)oll ozte] # sjo]39] Sl W L=ife] g #LE TEBMHSE &
Rt #E, e 2 &R 49tk

1) 9 =R 7b& B8 (AR 102.6 K] /om) #% RIZHo| SEEFHE 800C ~ 5004 147

B2 %BEEE (Cooling rate ) = 200/ sec 2 &183 ol 3] FHEE ototz BE (A
# 21.6 K] /cm) 2 800C ~ 500TC <bololl 4] %HEERS 33 %> M EIEE (Cooling rate )
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