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Study on the Effect of Welding Condition on the Micro- Structure and
cuttability of Welded Part in Arc Welding for Gray Cast Iron

Do - Hyun Cha

Department of Marine Enginieering, Graduate School Korea Maritime University.

Abstract

The gray cast iron is very difficult to weld without special precautions because of the graph-
ite flakes which acts as discontinuities in welding process.

Moreover the welded part of gray cast iron, has a very low cuttabilit_y due to the local high
hardness caused by welding heat cycle.

In this paper, the effect welding condition on the microstmcfure and cuttability of welded
part in electric arc welding using the coated Ni electrode for the gray cast iron was quantitat-
ively investigated. Moreover, the experiments were carried out for the purpose of the clarifing

the optimum welding conditions, such as arc current, and preheating temperature.

Main results obtained are as follows ;

1) The optimum aspects in cutting resistance and surface roughness are gained at the conditi-

ons of preheating temperature 200°C, and welding current 90 Amp.
2) The hardness of boundary surface in welded part increased with the welding current.

3) The hardness of boundary surface in welded part increased with decreasing the preheating

temperature.

4) The Nickel layer of the boundary surface in welded part appeared to be wider at the condi-
tions of preheating temperature 200°C and welding current 90 Amp. than at other conditi-

ons.
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Bl IRES 710 Smel BRI SRS RIS 2 S8l e ol MVIEES M
ot Hile s =2

SHol WO Lo SRR, eiHRE Wotel 7 ko] fb AMHRECH s R MR

S, SR MMebel Sit SAE RilR (LARE(Fes C) 2 el el B (graphite)o] 1
ferbell mefbslol R7hs = BURE t2S BAEAAA (FES BEYS 2o oie 5
# pMgrhel Pin hole % Blow hole - #i#2shal svh. £A, RS &k &Kl Gt shod
fbeto] ffol RAghet M, SRS RIH BE80) kol By o Foll fAEER]  BUE ol
fieall pphiol @RS o710 Ak M, gEEe] AlsEbo] E(Feg C) & fhEBhol fksl
By rfEstel MaBilZlcS o7l WAmgol = Zodol kel Mghltsled 2 MEe dosER
ofei gt fxelari T RERTE(bel ka4 RWME O {oP

PAbsh Ah0 BN SR MRl = 4L 2 &3] Biol 49 W3 BESE A7)
of Wl 7] ool EHEMEM- BeASIAl IS LEA} 9k
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whobar BRERESEERE L, MERERRS] WD B A E K98 Hlctel MBS wES ©
PRIt

ARl A as LA Lt A el AiRehe] @EEel RIND BB IAEERE-S FUMGY ofolzL kAk:
W IS lEo) BREERS] Mol v Al = S %S wBshel Mitelal ol SAHEGR WML
B TSHER el whs GIRIRET, ZATRUY FRES Aastel MR 9 BAWE miol A RSl b
fefl A Bl 4] S s 85 pstel of

2. B B /7 &

21 IEEEHH 2 AR

A sl A BTG BBEATFRE FC-109) MBS KRS (Hshsln w8 MRS
Beifel gE(LY Bk (Lasel RIS RETO 2 &M kol MEE L NiLH
Bi obob:L fiHb (DFC-Ni~TOKTEN i) & (J1Ishedth, Table 12 b 9 fiskel {Laba
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R 2 B HES &rste RBAS Wik € XA4E Photo.l & Fig. 19 #FRatgd ol

Photo. 2 & & Kol = FC-10 @ B Sks 4@ Jehd Ao

Table.1 Chemical compositions & mechanical properiies

Materials 'Cher'r_micul composition (Wt %) Mech. prop.
CI|ISi|[Mn|P | S|Ni|CulFe [Ts Hs

FC10 [351]252{069/031|/008| - | - | - {1250 {170

DFC Niwr[0.72 {0.32 {021 0OI00009|Bal | - [156] - -

E4 5= Photo. 20 4] <

Photo.1

A =
T Y%

Shape of specimens
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o] i ferrite KE¥} WHIRAAEQ) pearlite(a@+Fey C) 7} 4

o 9hi= Huithel JiRel Bl MfEshe SN WKEQ) Ferrite ¥ S38R0) MRS el
ek whebal [h4S) Rk Ferrite, Pearlite, Graphite ) i f#fho) v}
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£36

4. i _ .9___-__

25 20 25
250

Fig1 Dimension ot welding iest pieces

2.2 HEH ¥ BRI
2:2-1 IBHEIE
A PLERol| A MEHESEME Y ASH ool WSHAHE (NAW type 27 KVA) & (IS 2, 527 R
BEE (DY-DO5) ol 4 %1, 200°C, 300°C & %% BAT # HHStA ol HEE EMisH
A obar Wl A HspERh, Sete) Sl £ B AIe) Wil 70°C LLE @t ¥E% Was
o] WS 519151, 200°C, 300°C O (EME M AR Bl E oA HWi i LRt AR
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40°C LA L #Bilsh« R 55 fEfFste] B Ristsleh

a2l ok BBl B9l & BEWREC A BEER Mtol =& BEAR BEmAe] B
peskE 2 BIAE, DIRIE EEe) BMLRES B&sts] B, & E 4 B RERH-2 60
Amp, 90 Amp, 120 Amp, & SEA A BEES Bsid ol oldol ZAHE S RMROE  Fo]7
Fslo] 15~20 mav] o} =, 6em/min L E BikE RIS HHiSA G

2-2.2 GIRUEHS] BlE
% IRl Al IAHES] REBRATO) BIAMSES RAslyl Mot kIR SR YIMEIS
518 RO 2 SEAA ZA A&0] WREIENA RBA VIBHESES MES e
oldl YIHITAY BEASLTAM 20) & st o GINUERS REe IR TAB NG
(AST type =RERIEIF) & skl £5 0, 50, B&S S 36 HH2 ol fEst
ek

Photo.3 Apparatus of measuring cutting force

YIH0 TLEY Joitol $E 408 28 (Strain Amplifiers: 6 M 52 type. showa measuring instrume-
nt Co.) & cloj X vl @ 4] ¥ 22} (Light beam Oscillo graph) 91 VISIGRAPH (5L 30 type
SAN-E1 Co.) & Photo. 3 =} zto] dithsiclcl. Fig. 2= WIHLLHREEE WA £, &5
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70, 5 D)% BUESHE BIEAG B (strain gange) | EEAES et B hibel @ A STR
oo} EEM = Fig. 3o vehyolc},

Cut . force

[T A - A,

C Ay - Ag

, Plow force
[T Bl ' B;

C B;. Ba

Thrust force

: (1 G G

Al Ay

Fig.2  Schemetic diagram of strain gauge conneciion
in’»dyncmomete'r : g ,

Clamp Screw

tL Sy J»-». s. Bi[’é 4 _é.,

—T7

Fig.3 Bite holding in dynamomeier
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SIRMESLE WEsH] fBstel BMEBME KIFRE 2 KSRGS ERs Rt s g
T BOHEREE % Fig 4ol vebd IR0l (1) BESES 7o) Tikel B9} 7o g3 ohe
(2) GIRUGAIFRECl A BIRIS BRAAES obwd YIRMEHS) e} Z8kiE A 7} 2% o

olYAl sto] ka4l scale 2 FE) A Zhe HHHEY HMK (1-1) o oAl EHMES ket
o

50 Wi

= 0.547x S,
55 )) W, = 0.579x S,
Hh ‘N3 = 0.2B1 X Sy eerererien ceeeennees (1-1)

@) = S HLTFEE WIESH] Rt ol A k3 BHES 45 0M HE THHER
(1-2) Kol KAt HHIER £, ¥5H, BH IS ket ‘

+5h w1 = W, +0.006 W,—-0.017W,
BHN Wz = —0.018 W, +W, +0.0011 W,
ot Wa = 0.001 W; +0.0 W, +W3 Sremeseseeene (19)

Fig. 4 & & Bl 4 #ES £9 79 @ fiol o},

B

D L T T UMY

Fig.4 Example of measuring cutting force

2-2.3 Uil HLNE RIELL

Rz B el UIHIM MR BlEel = FiRpHLAE I /E 4 & (SURFCOM 300 B type: Tokyo Sei -
mitsu Co.) & fEAHEFL 2] & GIBlEE ] whel RAMIEES] s(bir MlEshel o}
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olvh g 300°C & BAABHR Aol A= KBRS i Hfel (kS R LS ol &
Q2 hiEol Austenite Rl {7} lath {2 RILHS AES martensite HAICE

dfEshol W O- flgel vhebd ol S F 4 Aok o BERS S ¢S Hilidlv (EEHIR
ol 60 Amp. i BHERF 73t g BRE A S S EEg Al 4+ ook

Photo. 5% ‘Al % ## BEE 200°C 2 300°C & b3 BHEERS 90 Amp. & dho] S
a9l o wEEel HEEE MRS epdch

& D

(€) 300°

Photo. 5 Appearance of micrsiructure following 1he
preheaiing temperaiure (welding current: SOAmp.)

Photo. 4ol 41 9 1ol Grillel 4 HAS $H4 b BES 179 BBl sl (k) Nio) ik
BN h ol A M 4l NigES % 4 ok
Zefvh BARBILE 2000 %) 300°C # ol KBS FESHlY HEMkel T fRHO) Ni¢l i
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ol utol Vhehvhul, BUMEol &2 gHike] MRItAS NS martensite Aliliol W il A
A fEuto] vheh olEh. o i #58] 200°C 3 He#ebo] KEEESL Mklol 4] 1= Mk Bond el
3l Sorbite Mol MRH U= A BEY & vk ML HBEKE H -4 marte-
nsite flERNE 2 AR o glE B Photo. 42 (b) el 419} 4ol martensite, sorbite?] {2
SEBO 2 Rl 9 EiloL Bikel WA Ao g P wheb IRk MR E
o Mo #AErEC] 200°C o) 7. 90 Amp. i A HiBlol < kel b st slox
A 7l o,

Photo. 6 & ISEEEMS 120 Amp. & 2ol 4] (a) ##, (b) 200°C, (c) 300°C == $H{LAIA ik

3b Aol HUAEE MRS Hebd slolth

ay RT ¢h) 200°C () 300°C
Photo.6 Appearance of microstructure tollowing the

preheating temperature (welding current:120Amp.)

Heidoll 4] = REEFQ) BESRLIY AN, avelvl Wl ol AHETC) NigiEeS ol & 4 R,
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Rupmano) b syEs) o} RFIke] pearlite AT w LS ety A Aol BaEslo,
el HEEIEE 200°C 2 o] MEES EIEERS Mol A = EEET N ERES B

ol 1 It ESEEEN [l = Ni Base ol P feaol WES kel Ni-Base martensite

gho vpeb s 9ok melan fEE =il kol Eghol MR 3 ERiRel 7H7HE (-

Ji) o pEEslol Histel 9 g & F ek

(2) 60Amp () 90AMp (c) 120Amp
Photo.7 Appearance of microstructure following the
welding current (preheating temperature: 200 C)

@HEES 300°C 2 H9S MiBE 200°C o HLBRC el BistA sk, kel AL
% vepta) oobeh weld HECERS 120 Amp. & S-S Siiel & 200°C ) ¥ NSRS
Bl WS b tlete Bafsl she D o T 9} ol .
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Photo. 72 LiLE# 2 3RS MSEEW B¢ &, 60Amp., 90 Amp., 120 Amp. o $1°1A]
o A o] 7MY BRI JEhd, 200°C o BAEACE FEY REAO EBEE KK
3 Zol e,

ol ket MEEER 90 Amp. = HBEY RBAY 2497 2 MARe) /b st kel
gigol 7 WA pfaslel Aee vebdch

Pl 7o HRol A BAER 200°C, SEEER 90 Amp. o B Tol A BES K sl
W, 4R Biste Bkl BED Ml dehtE AE ¢ F otk ‘

3.2 IRl wE BEERME

P wHE MM HESMtE $oh4 WA Eich B, BEERS HEEE
90 Amp. & —ESHAl MERFSl T Bk BEES, HiE,2000C, 300°C 2 BMLARE A & el =
2 EEsMLE Efstgy. £ BAEES EFE 200C 2 —ESA MRt BEERS 60
Amp., 90 Amp., 120 Amp. & LA RE = EEBLS FAEI

Hy 400

300

100 \ ] L ! A 1 1
20 1S 10 05 0 05 10 15 20
Mat Bond Deop

Fig.6 Change of continuous micro- vickers hardness
in various preheating condilion
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Fig. 6 > BEEHE 90 Amp. & oA sz BARES BEAA BEHAS 99 5
B W 5% #7573 Aox Photo. 8oll= ol & WA MBS pebd Zolo

Photo.8 Indentor marksof hardness on welding
structure

ARl BBS B#MA G ol A s S wWo) ZEMel BEE Fig. 6 o4
Sh Aol M Mol Fol (kalol MNFE BURILA M) $HE Cementite Mol Higloe [Hat
of NS vrebl i gloh ek BaEREE 200°C, 300°C =3 B WS BB AR
A Rrhe Nighfgol WA FEY ek ofgel Nio gpro) A SIEE EmRE Bty
AL 195 51 BMES] %> Ni Base o lath martensite Mie] HHlo® fgEme) WEs @
Al EHE ok 5 gl

TR WIS BAEEE L 95 E A Y

Fig. 72 el Mol 7bd [AFabA chebvbi= fRikol BAARIE 200 C —-iEsH ke
ShaL SIS Lol Wit BAEERS] BEMEE deb Ao) o)

30 Amp. o EIEM2 [EEREE IR MRS Hy 3152 W 289 el o 190 Amp. 9]
EHEIE ) ISHERC) MUY E Hy 4752 %0 RS Jehd o o) of

stebal IEEREVIZE 0 4% SR MIEE A Yo BEFf SOl M wlad b
R e R S g I 82
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——— 2 Amp

so(r ——-— % Amp
-—==---- 120Amp
2\ (200 C)
[N
Hv L00- /' ‘\

300

! \
AN
! \
1/\
/ \
. \

\
\

200 1 1 1 1 | 1 |
20 1S 10 05 0 05 10 15 20
Bond
Mat Deop

Fig. 7 Change of continuous micro-vickers hardness
in various welding current

gt

Photo.9 Indentor marks of hardness on welding
structure
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3-3 BEEEMl wE YIRIE HEEES] L

BIEERY BAEES #MbAA BEY ARFS UHIEE 40~80 m/min 22 £F&  HIHIH
%, HLEBIE S (Surfeom 300 B type) off a4 10 B £ HE WEKSE WES &R GIRIE
HE= Table 2% Fig. 8% 7ol vebduh Fig. 8 & BEEWKS 60 Amp. & —7EsHA sla, &
BN S ov] Zhx) R LA A, B RBAS YRIZ Ol 1.0 m, o] F4 5 0.2 m/rev, 1|3
YISE RS 40 m/min ~80 m/min 2 #{tA A UIHle S o] HEMLE vebd Zojc o]
ol katml il FEEEe) 7Sl BRI OB BEM(R,) 7F 7P ¥ 200°C O BREBVEESRD 7
Sob Zba e ke e ook el GRGEES Bindel wel Yl HE AEE

(R,) 7F wobdl & oF 4 gl

Table. 2 Roughness following the welding condition

Item . Rougness (u mm)
Current |p7X Juomminl 50 | 60 | 70 | 80
30 C | 22.60]22.0021.25]21.00] 18.65
60 Amp | 200 [20.75[19.00[19 .65 | 2.25] 19.25
300 | 21.65] 2.25[19.75 [ 1925 | 1915
30 | 21.25] 1873 [18.65 [ 18.60 [ 1855
90 200 | 1.63] 18.00 [ 1715 [1625 | 1625
300 | 20.65] 19.60 { 19.30 {195 | 1875
30 | 2265] 20.60 | 20.00 | 19.25 | 18.75
120 200 | 20.65| 19.L0 [ 18.85 [18.25 [ 5.9
300 | 2065] 2000{ 1965|192 | 1838

Wi o) S UAIE HE WIEE o BT &S, B #telZel K3l Photo. 5
ol A9} 7ol AT BPEM cementite Fkkol =l sl wWEel Aos Qs

SRS 90 Amp., 120 Amp. £ Eol B3 RBAIAE HIEE 44 W - HEE X
o)z glch el HAEMES 200°C, 300°C & EFAIY RBAOIA T Hiliel A fE#ER) HBRA
ARt 2 QEMR)E el v

o] .o NigElgol WAl Sfisle] QOB R Hebo] kel BHHMM B2, Al K3 A
S fko) HEl X ol Ni—C Mol VI HIE7F EFHSHA vhebuicha A7l
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£ vl ——| 30

< ——— W0

N cmmm—— 300°C

b at

n -9

? RA- ~~~~ e

o

3 1

m Ln 1 1 | | |
60 70 )

T W 50
(a) Welding condition Cur.=60Amp.

—8 30°(
g_ ——9 200 C
5 I T e A 300 C
E =S :g\t
- A
‘3 '—0\.\.
= | g R T R
o))
3
14 T_‘. i 1 1 1 1
il B 60 70 80
(b) Welding condition Cur.=90 Amp.
e —®m3C
:_ _._.-—. moc
— ————— A 300'C
N .
T fr
) Tt~
N .
¢ .
5 . e
3 |
o .
24 %J L 1 1 . 1

40 50 60 70 L
Welding condition Cur.=120 Amp.
Cutting speed ( m/min )

~— r.|L

~
(@]

Fig.8 Relationship between roughness and cutting speed

[T e =
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Fig. 9 MABIES 2000 2 —EshAl ool MG RBIS BETRANZ B §)
A Sftol W MUEBIEM(R, ) 5 vhebdl Zoleh, olo) fksbn FEERE 9 Amp. o 3%
b AR b A e GG Y W SRS M ke T 9l

o_O A
weE ;zL T C/{),\E}'

Preheating tem.: 200°C
—8 60 Amp
Br ‘ ———@® 90 Amp

-------4 120AMp
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£ wb ———a 0
—+ —-——@ 20 (
N —mmm e 300°C
I ~&
I
o 8 ]
c
L
o
3 i
m Ll i 1 | 1 i
) 50 60 70 o
(a) Welding condition Cur.=60Amp.
| —® 30°¢C
E ———9 200 C
,:1' ----- 4 300 C
£ = \
B S TR i
> —o—. i & — -
$ T e— —o
o A
3 Y1
m . | ] 1 1
il %0 60 70 ®
(b) Welding condition Cur.=90 Amp.
——mWC
%. —_—— 200‘(
— ————— A 300°C
N S
T Rr-
~ . g ¥
a -
¢ .
6 e
2L
m Ll— 1 L i 1 i
W 50 60 70 )
(c) Welding condition Cur.=120 Amp.

Cutting speed ( m/min )

Fig.8 Relationship between roughness and cutting speed
according to the change ot preheaiing temperature

( Depth of cut: t=10 mm, Feed: f=02mm/rev )
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Fig. 9+ BRMRE S 200°C & —@EshA| #MEfFolel HBED KBy BEERFIZ Bt 4]
HIEE 8ol =& HEREMR,) 5 vebd Zloloh ofof {Kabd EEER 90 Amp. o 2 ¢
7b KLl 7R A ebva (EEEER S SRR et S MEEs mEs gl

QO A -
e % F ek

Preheating tem.: 200°C
—® 60 Amp
or ——-—@ 90 Amp
A 120Amp
o ¥
N
ot
0
n
Q
o
-
S
A
O = -
o 3
:f_'L 1 1 A 1 1
"0 50 ) 70 %0

Cutting speed (m/min)

Fig.9 Relationship between roughness and cutting
speed according to the change of welding
current (Depth of cut: t=10mm, Feed: f=02mm/rev)

34 IEEHERMEC] wE GIRHERS] BME

Table 32 BEEGF 2 UHEEEA =2 GIBEEHES #{LE £5 T (cutting force), 5T
(thrust force), &% 77 (plowing force) 2.2 o] HEstel 2 58S viebd Aok



Table.3 Change of cutting force following the
welding condition

Item Cutting torce ( Kg)

C-f lCurrent|pLS [Lommin] SO | 60 | 70 | 80
o 30°C | 31.65] 29.75 | 29.45] 29.20 | 28.55
O | 60Amp| 200 | 35.70] 33.65| 33.00] 32.60| 31.25
o 300 | 33.65( 32.30 | 31.25] .95| 30.75
- 30 | 28.95] 27.85| 27.55| 275 | 2635
S | 90 200 | 32.95] 30.80| 30.20] 29.55] 2915
c 300 | %0.75| 29.35 | 8.85| .55 | 21.75
3::, 30 | 3355] 32.60| 31.35] 29.65] 29.25
O | 120 | 200 | 38.15] 35.%5 | 3405] 32.95| 30.55

300 | 3620 | 33.75| 32.55] 31.95 | 31.45

30 [2245 | 1175 | 1S nas | 0.5
w | 60 [ 200 |28.75| 7585 | 2530 | 270 | B35
g 300 | 2575 | 2440 | B.55| 23,3 | 21.85
- 30 | 20.50 | 19.35 | 19.05| 18.55 [ 17.55
| ® 200 [ B s nn|aelns
a 300 | 21.45] 2075 | 2045] 0.0 18.0
E N [ BB 0| n2B| 25|05
i— | 120 | 200 | 2915 | 26.40 | 26.05| 2555 | 22.45

300 | 27.35 | 2485 | 2415 | 2.00 | 23.25

30 | 16.80 | 16.35 | 1615 | 15.70 | .95
G| 60 [ 200 | 1965 | 19.05 {18.80 | 18.55 | 16.25
S 300 | 18.35 { 18.25 [ 17.55 | 16.85 | 15.45
- 30 [ 15.75 [ 1415 [13.85 | 13.45 | 12,80
o | %0 [200 [1825 | 16.80 [16.60 | 16.15 | 1545
& 300 | 16.55 | 15.35 | 14.85] 14.60 | 13.75
2 30 17.60 | 15.05 | 14.20 | 13.45 | 12,10
O 1120 [200 | 215] 7% [16.75] %6.05 | 15.15
s 300 | 18.85 | 16.00 | 1540 | 14.95 | 13.55

579

Fig. 10 BEERS 60 Amp. 2 —%E3HA HMERrsl BMEEES, #ill,200°C % 300°C = #

RER
ofol 2]

R Aol el GIREEE] =& YIRHERE (kg) o #EE vebd Ao,

il B RBAAANE £50, 500, 850 E571 22 GRELARES e
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w} Welding current . 60 Amp.
| 30¢ Fc : Culting torce
® 200C —--Ft : Thrust force
A 300C —--Ff:Plowing torce
B
o)
~ 30|
(]
(9]
b
o
(o] = h\. ‘M.*-_ -
=
S \‘— e . \.\
O - —A
. T P g Y \
2+ T —a
- _
= NS
- _
~ A e 2O/ ( - e _
- ST A - S~
T - ~—~__ >
- 1\,:::::
15+ ~—=l
-[_hL 1 | 1 1 |
L0 50 60 70 80

Cutting speed ( m/min )

Fig.l0 Relationship between cutting forceand cutting
speed according to the change of preheating

iemperature (Depth of cut:.1=10mm, Feed: =02 mm/rev)

Wz 9lom, 200°C & H#stel S R A5t Hg B EHES e gloh
Fig. 112 BEERS 90 Amp. 2 —Eshl #iRFst e RBGEES, #ill, 200°C, 300°C = (e
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Welding current 90 Amp.

@ 30C —F.:Cuiling force
£ ® 20C — —Ft:Thrust force

A 30c¢ ----Ff:Plowing force

g
@)]
R
~ 2%
0 -
(3] \
. '\‘—
L c———
8 *.\ + \.*
8- —— s A
o 20+ —. \
c AR T ~a_
— Rl —_—
- ~~_
5 - ~e-_ N\ 219 o
U \:—\\\\ * -+ —-—Q_.‘- ~~~~~ _.
15 \‘\\ - —— S —
~ . —————— T =~a
- - __ ~h
-8

1 1 i
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Fig.1 Relationship beiween cutling force and cutting speed
according to the change of preheating temperature
( Depth of cut: t=10 mm Feed: f=02mm/rev )
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- Welding current = 120 Amp.

B 30C Fc.Cutting force
® 20C — —F:Thrust force
A 3 ----F¢: Plowing force
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Welding current S0 Amp.

. 30 —Fc: Cutling force
il e 20C — —Ft:Thrust force
a 30¢ ----Ff:Plowing force
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Fig." Relationship between cuiling force and cutting speed
according to the change of preheating temperature
( Depth of cut: t=10 mm Feed: f=02mm/rev )
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(Depth of cut: t = 10mm , Feed: {=02 mm/rev )
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FigA3 Relationship between cutting {force and cutting speed
according to the change of welding current (Amp. )
(Depth of cut : t=10mm , Feed: f=0.2 mm/rev)
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