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Thesis Title Machinability Study of Hardfacing Welding Bead on JIS-S50C

Carbon Steel Surface

Name — Surname Mr. Sahath Meechaka
Program Manufacturing Engineering
Thesis Advisor Assistant Professor Kittipong Kimapong, Ph.D.
Academic Year 2016
ABSTRACT

Hardfacing welding is one of the“suc¢cessful methods for increasing the mechanical
property of a machine part. However, a high'rough surface of the welding line is required to be
smoothly machined before applying it as ajpart-m-the machine. Therefore, the optimized machined
process parameters for finishing the “hard-faced’weld ~mmetal are still being investigated and
developed. This research aims to study-the effect of/the milling process parameters on the hard-
faced surface roughness on JIS-S50C carbonssteelland the wear property of a cutting tool.

The hard-faced welding -metal-was made by Arc-welding on the carbon steel JIS-S50C
plate sized 20 mm. wide;[80-mm} long and’20:mm: thick. The/resulting welding metal was adjusted
for any variations in milling:by cutting teols made from carbide P40-following on coolant and non-
coolants, cutting speed|of-100-220 m/min, feed rate-0f 0.05-0.207mm/tooth and depth of cut of 2
mm. The results of this\ milling| including-cutting conditions; wear-of the cutting tool, and surface
roughness were investigated_and analyzed:

The final results wete)as-follows: the wear-of the-cutting tool edge that was applied to
the hard-faced welding metal with.the’ bufferslayer; ‘was'lower than that of the hard-faced welding
metal without the buffer layer. The face-milling on the hard-faced welding metal was not necessary
with the cutting fluid because of a high wear at the cutting edge. The optimized milling process
parameter that produced the surface roughness of 0.506 pm and the wear distance of 680.65um was
a welding bead with a buffer layer, no cutting-fluid, cutting speed of 180 m/min, feed rate of 0.05
mm/tooth and depth of cut of 2 mm.

Keywords:hard-faced welding, face-milling, roughness, wear, cutting fluid
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M9 2.1 dydnvaliazdumaunauniivounanndnasgiu JIS G405l

FIUNaUNMAAN (% Jagriviin)

Faydnual C Si Mn P S
S 10C 0.08-0.13  0.15-035  030-0.60  0.030 max.  0.035 max.
S 12C 0.10-0.15  0.15-035  030-0.60  0.030 max  0.035 max.
S 15C 0.13-0.18  0.15-635  030-0.60  0.030 max  0.035 max.
S 17C 0.15-020  0.15-0.35  030-0.60  0.030 max  0.035 max.
S 20C 0.18-023  0.15-0.35  030-0.60  0.030max  0.035 max.
S 22C 0.20-025  0.150:35.  0.30-0.60  0.030 max  0.035 max.
S 25C 0.22-028  0.150:35,  030-0.60  0.030 max  0.035 max.
S 28C 025-031 05035 1. 060090  0.030max  0.035 max.
S 30C 0.27-0.33 720 0.15-035 17060-0.90  0.030 max  0.035 max.
$33C 0.30-036 ) 0.150:35 |/ 0:60-090  0.030 max  0.035 max.
S 35C 0.32-0.38:/0.1503510:60-0.90  0.030 max  0.035 max.
S 38C 0:35-0:41 . —0.15-035". [0.60-090---0.030 max  0.035 max.
S 40C 0:37:0/4370.0:15:0.35 ~ 0:6070.90 01030 max  0.035 max.
S 43C 0°40-0.464 1 ~0.75-0:35~-0:60-0.90 71/°0.030 max  0.035 max.
S 45C 042-0.48 015035 —.0.60:0/90( (0,030 max  0.035 max.
S 48C 0.4520.510 0. 15035, -0.6040.90% /0.030 max  0.035 max.
S 50C 0.47:0.53 75, 015035~ 0:60°0.90°  0.030 max  0.035 max.
S 53C 0.50-0.56 ~0.15-035_—0:60-0.90  0.030 max  0.035 max.
S 55C 0.52-0.53  0.15035  0.60-0.90  0.030 max  0.035 max.
S 58C 0.55-0.61  0.15-035  0.60-0.90  0.030 max  0.035 max.

S 09C K 0.07-0.12  0.15-035  030-0.60  0.025max  0.025 max.

S20C K 0.18-023  0.15035  0.30-0.60  0.025max  0.025 max.

22



o 1] d H 1 U
Tagfaqildluniinaass fe mannainrsueniiunais (JIs $50C) fllaruaiidauaaslu

~ 1 3 Y o v YN o oA A A Y Aa Y
AT N 2.1 LLWHL‘ViaﬂﬂaTﬂ'li’iJ’E]u@jﬂ@ﬂiﬂiJaﬂHﬂ!%qﬁjﬂi']\??ﬂ‘l’?ﬁfliJN‘l!W'l‘l/'liJ“lJ‘l!'lﬂﬂ'J']iJﬂ’JN 100

[
~

NaawAT AN 150 Uaamas 1agANuUI 20 Naawas awaagilin 2.2

3 1 U 901 %
M99 2.2 Sunaumaaiivesiag (Gevaz Iagtimin)
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Type Standard C Si Mn Mo Ni Cr
Medium carbon steel JIS G 4051 S50C 0.52 035 099 0.04 0.04 0.20
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NIZUIUNSIFONDISATarigAal0iio (Manual Metal Arc Welding ; MMAW) 3n9gn
= ' A J Y v . . L] A 1
38n71M31FBND1INIAHUNANT (Shield Metal Arc Welding; SMAW) Huiilugiuuninlaaau

A KX Y A 9 1T ad A 9 A~

YoIMsIONLUUHasNaza1eauDed 1l 1980 vz lgunsdan Insandseneudlgunualaninis
indeunisuenitidiIunauvesdIsFuaITAl, uisiquaznanan sz lurisvesvuia

9 1 4 [ [ 9 [l 4 a 9 Y 1Y Ly
!.’d‘uW”Iﬁ[uEJﬂE‘INL!.ﬂ“Llﬂ‘]J!.magiéllu"lﬂlﬁuﬂ"lf,{uﬂﬂa%igﬂNa@ll’ﬂ“lfﬁualﬁlﬁﬂ1$ﬁ3Jﬂ1JL’Ja"Iﬂi]ﬂ‘]Ju

23



1 A A A 9 o 4 1 g’/ Y 2 A 9
Tagmnzeg19e9MIFB NN eIV0In UM ITDITATE NI I HhasFuanunanudouninan
A ' a2 A 9 a a J o A '
araeuazotem lUnFuaie ldinanisnasuazate Tagazinailuunaesnaguie
Ay o Y o aan o A A < X
naoNHaNNeoanuuITeInIAIINN 18U MU NTeIN VUL NFOUINDIIUAIANY
3 A A Y 3 o 9 o o
naeiluauandnaguuuadeuiioansasimsiguauazganiea: Taumdaoen
4 A 4 A Y v A ~ I as =l
ginsalmsiyeuerinalraouuiangauiuaaslugln 2.2 Wuismsnsoy
P ' Y} ~ v A o A o A D) o o A
9UnTalNdIeaoN1T IHNUNMNIL0E1EIFIHTVNUFONDITNAIAFDURUNAND 15U 11UFDY
Y d’lw Y 9 9 = 1 Aa g ] [ 9
Taseada vonanidiansoldanunarawdsld manlasuunavdn InsadieaonslFanuuas
9o o o o N A 3 Y v A o v Aax A A
nangl¥dmsumsornzniuesn lUvanndseuad aneuistseioeunyITnsous A

Y (2 Y| o = o o é’ (Y]
9’]@\1ﬂ”ﬁﬂ”IGIﬁJENﬂu“]fﬂﬂ')”lillﬁiﬂgﬁNﬂUﬂTiVINTu"Uu@Qﬂﬂﬂimlﬁ

foduadntay N
e nN G

511 2.3 e1/nsaimaaenosnaaaNdnT (Shicld Métal Arc Welding; SMAW) [10]

U Q 9

'
=~

4 s 4 o 4
NIZUIUMSIFoNHLU IS nasaerruands nrzud Iviihin 15l umsiden Tuihii 2
siane nszud I ad 0 (Alferfating eurrent : AC) fas nsena 1 1a59 (Direct current : DC)
4 % v d { = 4 d'
Aszuansd (DC) nszua IWiwonuiinsguaaait (AC) Fuilunszua lWnlnan1an1sindaun
] Y Y 4 A A v o J =~ [ Y 4 A
aaunududulfslad msndeunvesnssuaaauainanziinaii liatesnasuvua
d XK 1A A [ g’/ 1 A =2 9 9 o A 4
aapanal alesnie iilazyeussiuruvoudsdeinugiilolumsaiuaneiin uaz
o A 4 @ A Il A 1
suiludesldunasoe Iviie lduseau Irlilheesdlagauiisanesdiaios 50 v wsedawinni
x I { a

aszualiiasa (Direct current : DC) nIzuaasa (DC) Fuilunszua lununanians lrvania
= g}z & = g}/ & A 9 A I & a v o
He191n971He lddednaavile lunsaifldnszum¥omiunszuanse¥unainnistny

) . 4 4 a4 .
aszuaadu 1 lva lamaaeune 19 1dnssuadrounaatiiod lutluaauinldnszuayouF o

24



= = ° Y 9 A 1
lﬂﬂ?'ﬂ']iﬂllﬂ']'llllﬁﬂfJﬁﬂ'I‘Wl!ﬂ%'ﬁll'llﬁll@114ﬂ')']lli@‘lﬂlghﬂlﬂ'l5ﬂa@ﬂlﬂﬁ3ﬂﬂﬂﬂ1ﬂﬂﬁ]’lﬂ§$Llﬁvl,‘V\I
aqy

A ¥ 4 A A Y A A 9 v o A Aa 19 Y
mmﬁmuﬁm\laﬂ% [9] N%uﬂiﬁm@ﬂm@ﬂa’)ﬂl‘lﬂ@uﬂﬂwaﬂcﬁwa'Iﬂ“l’iﬂ'lfl‘]fuﬂ‘]ﬂllflgzl'ﬂ
A Y A ) o Y ) =~ A Y '
laﬂﬂel‘lf W@i‘ﬂﬁi\?ﬂTJﬂ'JTJJG]@Qﬂ'Iibl%\TIH‘JJ'IﬂTIQQ ﬂ'limﬂf]llﬁE]'LIl!ﬂuajﬂﬂixﬂﬂﬂﬂjﬂﬂﬁﬂ\lﬁ'lﬂc]
{ Q) ' . o 4
‘ll@\?ﬁ'lﬁlﬂflﬁlﬂl!ﬂ\iam%ﬂﬂLlagllj‘ﬁ'lﬂﬂul'ijﬁj'lﬂﬁ'ﬁﬁﬂm'lgﬁ!.1’?11']3ﬁNﬂUﬂﬁ%U?uﬂ’]ﬁL%@qu%}‘hﬁjﬂ

4 v Jdo {
aareufudangauaaslugli 2.4

. - v
—amilmnmnany
ansnanis!

WAUEIA

. .
weiamsda /\"‘\

— -
; I s
Waein -
L )
’é’uaqaq_, AL Q—ﬁ—hatf.aeumm

Tawu?tu»
ATENUTOU —e
ey YU —

o
o

Youn

U1 2.4 nszvaumsienluilhidzdaraiyeuuland (11

Y A = a = ad A o YA I o o Y A A
23.1 wihlveddisnaouhd aasnaeuEmInthy lauiudiuIun Tagyiming
dnny aun
P y o £ ¢
2.3.1.1\prwseddnmsesniznasumalaloninsennusunuesnnaoy
o 3 o A ~ < [ A ] Ay o
sauAutazuUdIuunIrenitasIznal kv slnngulovasuiiad tieileany
VITMANINMUeNIIIURITR LY I TEN
' o A s 9 s A a o Y 4
2.3.1.2 $wlsuilgimanasnussmsosnd lulimsndoudrvzhlinmsersa
] A 14 I A o Y a < A a A
Tuasimsarugumsersniziluisesninlasaziiliinaazmnadouuinnull Tasmwiziie
A @ A @ 4 A 9 9 '
woununszua iyeunuunszuadady AC n1se1sauuuaiivzaiwasdnagu laun

=\ 4 = S A
llmmuﬂu Lcﬁaﬂmuamazuuﬂuwﬂu

25



4

1 ¥ o & a ) A 9 A ) o

2.3.1.3 $WAITWNASNTULUIVUHNINUIVDILU UL DU ﬂ1§1‘])’f13ﬂﬁf’i]3J‘kjll‘1/\|ﬁﬂ“]ﬁ]$
" qya 2 v Ay I o 4 A9y g9
ﬂ@iﬂlﬂﬂ%uﬂlﬁlﬂﬂgﬂiu‘ﬂﬂ"luﬂ‘L!ﬂl@ﬂﬂ?il“lf’ﬁ]ll&5]’E]‘Vl"l]gG]@QiJL’Eﬂ@’E]ﬂWﬁQﬁHﬂﬂWiHﬁ@ll ‘L!G]’ENGlG]fﬂ’E]‘L!
A ' A 2 To A A A A ] v
‘Viﬁ@uﬂiﬂajmlagﬂ"lil@W@@ﬂﬁ]g\i181’[5@fJTﬂ“IJu@QﬂTJ%HWIJ’ENﬁ"Iima@‘]JN’J"’IJE]Qﬂ?]ﬂ!“]f@iltill?\lﬂﬂ“]f

L @ a A ]

23.1.4 m3szgna lgesnauvsoasiloanumsoond lageaslutonasuns
A A a = < A A o a A a
LYOU ﬁ'ﬁlﬂﬁ@‘ﬂW’JE)"IEMJN\ilﬁﬁﬂLWﬂW%%ﬂﬁUﬂ?ﬂﬂiZﬁWﬁﬂWW (WaKae)

a 4 v Jd ' o A
232 wiavesaaeuuddnd veldmsgurudldluigaguluvasndoun

=

=< ° o ' a » Ao w Y} ' P A
ﬂ'lﬁ"]ﬂJFﬂuﬂzgﬂﬂ’]ﬁuﬂiﬂﬂ?ﬁﬂ‘ﬂﬁ']u'ﬁﬂﬂaﬂleI31]']ﬂ!ﬂ’]“]ﬁ/’lﬁ']ﬂmusll’t’)\iﬁﬂ‘l‘ll%u@niﬂﬂluglﬁﬁf)

q

A Y Y4 1 I 1 [ 49! (XY o
ﬁ”li‘]J'i%ﬂ’f)‘]JL“D’aQTﬁﬁ aﬂﬂl‘;]f@il?jMWﬁﬂ"lﬁ]$LL‘UQ’f)@ﬂL‘]J‘Llﬁ”liJﬂ@ﬂﬁﬁﬂﬂluﬂgﬂﬂﬂﬂﬂﬂigﬂﬂﬂ‘ﬂN

= [} o 1 dy [ d’dQ a A 3’; [}
IATUDIAZNTU: N3AF Inauazminugulisgnionsnamuaenvosnsamilsznnvanzagi
A A A P} U IR ~ A ' X =
Tuasan 2.2 Usziandus vesararauiuddnsFIzins e luaiutiwag laauazmssy
A Y v o Aa a A 9 v o I J I J H o
atarouuanglszansnmvesarareniundngazgniiulantunlesigudveaiiviin
A2 NI a2 &
o1 Tanz¥ouninuaainad Wi ludagauniiaminueiai1auny ¥iaa1uTLeNLELAIY
9 [ v 9 Y
UANANIEHINU TN s ans mnthatoasIRas o N UNVUU T2 130% taza Tl
A a A AN o 1 A a @ YR =
niszansnmgenionswanoulmldIuRinu 130% 1nvz 1404 150 19 250%
A Y v JLAa . A a = 3
2.3.2.1 araroNulangFuanTa (Acid)asndouriianiasiudunaniag
=\ o a a A 9 o o :::él 1 A v o W <
unsmiaeon ladlsz@nsnmassaiseuiyandararusgiiveday Taomswauraumran
A A A a = 9 ol (@ Ny O - ] A A
NUMIIAAD VAN UVOIAIAFBHR UGN 03 ATITINAMILUNUNANG NTANIAADUAIN
A 9y v J o Y o A A 'y} [ S v Y I 1 ~
o uHanGI 1A 1T IUE LW, urRIiIRg nFunNII T U uuas e v
A ~ < 9 s P VA A s
11900 MIFou TarzlnTINIT T WASA WA TUN TSI A NANgan Nnaa Tasasg Induaz
dy d'd 9 ~ d' 9 (9 4 dyd @ d' A d‘ =
AsiugIunNluanINgIaIasa i nsUssmnuldnyusisirounADeua 1A
o [ A ) 1 269 2 A A
muzaud s umagenludim s Inen 1151l ZgnalsnanyeInInuIAe N5 N
< Y s °
HANAAATUD UM
A Y 12 I —— 4 2 A a I A
23.2.2 adapuiplandsiing Ind-(Rutie) drsiaaeuyiiag Indalilsua
' P A 9 v 2 s A A
AIUHTUYDIF ING (TiO,) Uszial 25-45% araeudu Wandiszinniinserianiluisedte
[ 9 4‘ d' =) Y [ d‘ 9 ] 1 d' d'
aoms IFuuaziudouilszaianuazniuiwioon lAve 19010018 ANUTUAAVBINTITOUT
[ g < I~ [ 'Z\IJ 1 k4 a
fozdanald Tanziiugiu Taema ldianuudawssgauarin@oaenad Idilunariindadrs
A 2 A & o A . )
laTasnungarnlumsyouTansduinauoanudosvodlalasou Embrittlement 1az1an31)

Y o w 9 A A 3 Y 4 o 9 2 Aaa Y 1
“Ui’)ﬁ]"lﬂﬂﬂﬁ‘lﬂfiuﬂ”l§LWE’JL°I$’E)3JLWaﬂﬂa”Iﬂ”IS‘]Jﬂuﬁ”liJﬂTJ"Ill@Tuﬂiulliﬁﬂﬁﬂﬂﬂfjﬂuﬂﬂﬂ’ﬂ 440 1Y

26



A Y v J A 4 . ~ ) [ Y S ay v
nedania ﬂ?ﬂlﬂf@ll‘kjllwaﬂ"lﬂfuﬂgbl%ﬁ (Rutlte)llﬂ313JLW3J13ﬁﬂﬁ1ﬁ5ﬂ1ﬂ§ﬂﬂi?ﬂl’ﬂﬂﬂ'ﬂ fa

1 <
WIATTIUUAZMTADITOHAN
4 [ J a 1 4
23.23 avaFeuduidndriania (Basic) HunaiFourlgoelse (fluorspar -
A [ o aan I ~ o o a ° A
car2) lumsmaey azniurilgnsenilugiunesnnnmuzdunazoondoud luTansidou
< A A 4 g a4 4 oa
ANVUTITIAZANUNUNIUYDIN TFDVVITOUTFOUNUUINTINGANHAN Tl 521nNU03a9
A Y v A Y 1 9 9 ] A 9 v Jd a 1 .
FRUNNHANTIU LAZANVATUNIUABNITUANT1ITOUTIGIa BN UUINTHIAAI (Basic)

'
v A [

a J s % 1 §
*ﬂzwaﬁﬂgﬂﬁuu%ﬂﬁaﬂmﬁaDﬁnﬂ”ﬂﬂﬁ]gul‘ﬂﬁLLﬁZﬂiﬂ@ﬁﬁlﬂfJﬂ’J"lﬁJ’Nﬁﬂ’)"lﬁJL?’(fJ\iGU’t’NﬂWii’HJ

q

[ <3 ] A ] 9 "W Y ] d R A A o ] A
Glgﬂiumﬂ‘L!’f)EJLLiJ’JW]%ﬂS‘L!ENUhJUlﬂQf‘ll’l’)Ti’)E)ﬂ’f)EJNﬁ‘JJ‘]J“Sm WUANUAUIETUATIHIUNTIBDY

'
Aaa

dumislunndumiaiiennguugingauInds 500 serusaided Mneardoslunsndaaia
4 v Jd A U . =Y &l a ] 1% .‘; a3 a
Wonruwangyiiaae (Basic) Usnmuanuduvesaisinaoviiogluszauanilunaldysum
4 [ Jd a 1 (] Y 'o Aa A o
leTasnuluataroufunandriinaie (Basio)-ogluszauddelilsz@ansamnisiinuuan
A g 1 dy = 1 Y 3 A v =Y 1 A Yy A
Tuiiduuagaanuiudannennuezaesguns 13 luiuiwaz ldduvenun ey ynasei
A = 1 A 9 [T A a =
PUAITUNIGUAIAFDUUUANS PR UNGURNY 50-80 BIANTAFEN AADATLHZIIAINT
o (% <3 4 VA 1 a3 { a
waunannldawadwdraaeuuidngn luldld1dnu 1l uaeunguvgllsz
2 Y A A Y v A J . A A ! 9 =
150 paf st od Yordsvourouilangyiiaali(Basic) Ao uunFouAoudIIveIULAL ]
] 9 < A 9 A ' @
sUsrgumsldaumldniiouTaseaiintsnsiEoliazarinuaen 1uau
4 vl @ A 4 v Jd a
23.2.4 adpdreiuilandaiasag lad (Cellulose) arndoudurandyiia
ivag Tad (Cellulose) Hand oL IgIethsImag Iaaiiniilmsduneoadon Taon1s 19
AT o (S A ~ X = = A
a3 laTasugalunisersnilemouluduria i 1aao UHA IS U G FHNIeD N5 1T 0N
J I~ { P o 3 3 4 ] { = a
TanzdwalinlSuna lelagnunazgameluiigy agivsuilyseditunzde gt ms ey
YOINTFOULAZNTH N YUHA NG T00-250 Dednsae el lvaziirouidgaoudis
a A I [ 4 D A
VN (> 8-10 Haamas) MatlszgodlsnanvesanasedydandytiamwagTaa (Cellulose) lu
A 1 %’ o A [ a 96 A %’,
MareuNoU U IONe MY T IR lagladtti ey Tuuing
d’ 9 v O Y B =& . A 9 Y] Jd A
23.2.5 adneuuHansyiaMasHan (Penetration) Al udnsyiin
=2 . = Y A a J Ao 1 ~
¥aoWan (Penctration) INABUAIATIAAO VA Ind/nTandy NUdadungevesaswag lad
= [ [+ a A K =X ) & a o A Y o J a =<
Tagazimstaesmanmmunissuanludagiiugiunsessuataweuundngrianasuan

(Penetration) 92 141m iz ludumisnuveunazdmsumsiremdyunin

27



[
[ aa

] - ' 4 4 v J
ma19i 2.3 thiehlioniwanemadennszua lihlumsdenvesaradouruand [9]

Factor Rutile electrode  Acid electrode  Basic electrode
Arc stability ++ + -
Appearance of the weld bead + ++ -
Striking the arc ++ + -
Different welding positions - - ++
Risk of slag inclusions + - - ++
Resistance to corrosion - e + 4+
Fume formation 4 + -
Slag removal + + 4+ .
Hydrogen content in weld metal - - ++

o A Y} oS-I Y A A A
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4 P R . 4
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Material Chemical_.composition (%)
Type Standard C Si¥ Mn Mo Ni Cr
Buffer electrodes JIS Z 3212 : D5016 0.077 0.62 1.18 0.01 - 0.01
Hardfacing electrodes  JIS Z 3251 : DF2B-600-B  0.45 0.50 1.15 0.60 - 5.00
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Machinability Study of Hardfacing Welding Bead on JIS-S50C Carbon Steel
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Abstract

A hardfacing welding is one of successful methods for increasing mechanical property
of a machine part. However, a high rough surface of the welding line is required to be
smoothly machined before applying as a part in the machine. Therefore, the optimized
machined process parameters for finishing the hard-faced weld metal are still investigated
and developed. This research aims to effect study of a milling process parameters on a
hard-faced surface roughness on JIS-S50C carbon steel and a wear property of a cutting tool.
The summarized results are as follows. The wear of the cutting tool edge that applied to
machine the hard-faced weld metal with the buffer layer was lower than that was
unnecessary without buffer layer normally. an application of a cutting fluid in a milling
process showed because of a high wear at the cutting edge. The optimized milling process
parameter that produces the surface roughness of 0.506 um and the wear distance of 680.65

um was a welding bead with buffer layer and without cutting-fluid.

Keywords:  Hard-faced Welding Face-milling Roughness Wear Cutting Fluid
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