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Thesis Title The Influence of Inter-Pass Temperature on Hardfacing Weld Metal

Properties on JIS-S50C Steel Surface

Name — Surname Mr. Promchot Kaewsee
Program Manufacturing Engineering
Thesis Advisor Assistant Professor Kittipong Kimapong, Ph.D.
Academic Year 2015
ABSTRACT

Medium carbon steel is the main popular raw material in the agricultural machinery
manufacture due to its mechanically excellent properties. When the parts are damaged by the work,
the damage is often in the low intensity. Parts are repaired to reduce production costs. For this
reason, this research aimed to study the influence of inter-pass temperature on JIS-S50C carbon
steel welding by flux-coated arc welding wire.

The materials used in this experiments were of JIS-S50C carbon steel plate with
rectangular sized of 100 mm. width, 150 mm. length, and of 20 mm. thickness. The samples were
shielded metal are welded using welding parameters. included 50-450 °C inter-pass temperature, the
welding current was 90-110A ,buffer and non-buffer layer welding and 3 hard surfacing layers. This
experiment was proceeded to determine the hardness, wear resistance, micro and macro-structure of
the metal.

The results were as follows: the optimum welding parameter was 150 °C inter-pass
temperature, current 100 A, buffer and non-buffer layer welding and 3 hard surfacing layers. The
wear maximimum hardness was 790 HV. The wear of metals was as low as 0.89%. The wear rate
was reduced and the hardness was increased due to the increase of chromium in hard - facing weld

metal

Keywords: flux-coated arc welding, carbon steel, hard surfacing layer, inter-pass temperature
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AISI-SAE

Number % C % Mn % Si % Ni % Cr Others
1020 0.18-0.23 0.30-0.60

1040 0.37-044 0.60-0.90

1060 0.55-065 0.60—-0.90

1080 0.75-0.88 0.60—-0.90

1095 0.90-1.03 0.30-0.50

1140 0.37-0.44 0.70-1.00 0.08-0.13% S
4140 0.38-043 0.75-1.00 0.15-0.30 0.80-1.10 0.15-0.25% Mo
4340 0.38-043 0.60-0.80 0.15-0.30 1.65-2.00 0.70-090 0.20—-0.300% Mo
4620 0.17-0.22 0.45-0.65 0.15-0.30 1.65-2.00 0.20—-0.30% Mo
52100 098-1.10 0.25-045 0.15=0.30 1.30-1.60

8620 0.18-0.23 0.70-090 0.15-0.30 040-0.70 0.40-0.60 0.15-0.25% Y
9260 0.56-0.64 0.75-1.00 1.80-2.20
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Y s < s
ﬂ]iNﬁ 2.2 ’fNﬂﬂﬁgﬂﬂﬂﬂlﬂ\‘llﬁﬁﬂﬂé}1ﬂﬁ'ﬂﬂu [22]

Designation
C Si Mn P S

of grade
S10C 0.08 t0 0.13 0.15t00.35  0.30 to 0.60 0.030 max. 0.030 max.
S12C 0.10 t0 0.15 0.15t00.35  0.30 to 0.60 0.030 max. 0.030 max.
S15C 0.13t0 0.18 0.15t00.35  0.30 to 0.60 0.030 max. 0.030 max.
S17C 0.15 t0 0.20 0.15t00.35  0.30 to 0.60 0.030 max. 0.030 max.
S20C 0.18 t0 0.23 0.15t00.35  0.30 to 0.60 0.030 max. 0.030 max.
S22C 0.20 to 0.25 0.15t00.35  0.30 to 0.60 0.030 max. 0.030 max.
S25C 0.22 t0 0.28 0.15t00.35  0.30 to 0.60 0.030 max. 0.030 max.
S28C 0.25t0 0.31 0.15t00.35  0.60 to 0.90 0.030 max. 0.030 max.
S30C 0.27 to 0.33 0.15t00.35  0.60 to 0.90 0.030 max. 0.030 max.
S33C 0.30 to 0.36 0.15t00.35  0.60 to 0.90 0.030 max. 0.030 max.
S35C 0.32 t0 0.38 0.15t00.35  0.60 to 0.90 0.030 max. 0.030 max.
S38C 0.35 t0 0.41 0.15t00.35  0.60 to 0.90 0.030 max. 0.030 max.
S40C 0.37 to 0.43 0.15t00.35  0.60 to 0.90 0.030 max. 0.030 max.
S43C 0.40 to 0.46 0.15t0 0.35  0.60 to 0.90 0.030 max. 0.030 max.
S45C 0.42 to 0.48 0.15t00.35  0.60 to 0.90 0.030 max. 0.030 max.
S48C 0.45t0 0.51 0.15t00.35  0.60 to 0.90 0.030 max. 0.030 max.
S50C 0.47 to 0.53 0.15t00.35  0.60 to 0.90 0.030 max. 0.030 max.
S53C 0.50 to 0.56 0.15t00.35  0.60 to 0.90 0.030 max. 0.030 max.
S55C 0.52 t0 0.58 0.15t00.35  0.60 to 0.90 0.030 max. 0.030 max.
S58C 0.55 to 0.61 0.15t00.35  0.60 to 0.90 0.030 max. 0.030 max.

S09C K 0.07 to 0.12 0.10t0 0.35  0.30 to 0.60 0.025 max 0.025 max

S15CK 0.13t00.18 0.15t00.35  0.30 to 0.60 0.025 max 0.025 max

S20C K 0.18 t0 0.23 0.15t00.35  0.30 to 0.60 0.025 max 0.025 max
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MG 710 o
Premium quality alloy for air-hardening MESSER

tool steels MG Welding Products

GENERAL CHARACTERISTICS:
Unique alloy formulation makes this electrode outstanding for the repair of “air” hardening steeils. Deposits are
highly crack resistant, forgeable and temperable. Unlimited passes in all positions.

APPLICATIONS:

Ideal for repair and build-up of shearing blades, planer plates, anvils, woodworking tools, percussion drills,
earth borers, pressure rollers, clamping tools, worm conveyors, mixer arms, rollers, shovel and dredger teeth,
crusher jaws and rings. Also for machine parts of steel, cast steel and manganese steel which are subjected to
grinding wear combined with strong impact.

TECHNICAL DATA:

[Farness | A= Veeisea 5580 HRC ]
| Poarmy | A€ o OC (+) |
Tameer Amoeraat
[ 337 @aem) 590
VB (32mm) 80-120
537 (4.0mm) 110-140
PROCEDURE:

Clean weld area. In general it is not necessary to preheat, but if the base metal is highly carbonized it should
be preheated to approximately 390°F (200°C). Buid part to desired shape by using as many passes as
necessary. Heat to a bright red; forge and grind to required dimension. Heat-treat and harden as you would for
the base metal upon which the weid was applied. Final tolerances may be obtained by grinding.

Also available in MIG and TIG.
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Influence of inter-pass Temperature on JIS-SS0C Sweel Hard-facing Weid Metal

nrwdesd uiad®, finle lamvicy” waefisdmad faamad®
Bunchis Kanwaas' Suvingi Sodaarcan * and Kitipong Kimageng
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Abstract

Meodkum camon seel was 3 base makral !t ofion used Tor producing agricubural
machinery parts due 0 3 good mechancal property. Howaver, when the parts were appled, Te
pants were frequendy Gelesoraied and fied. I some Small ASmage was found, he PaNs were ohen
welding repared Kr 3 PUPOLe 10 reuse T Parts and Atlect 10 JOCNBALe e operating cost. Thus,
his resoarch 2imad 10 390y 30 IALENCe Of IMBMILS leMparstre on JISSIOC carton Soel hards
facing weld mots properies. Shislded metal arc welkding parametens i Tis Sudy were an inlerpass
mmperatae of 150-350°C, a welting cument of 100 A, a harddacrg lyer of 3 layers. The
summanzed expermental results showed that InCrease of pro-heat lempenture aflecied 10 INCIEase 3
grain si2e, decrease e hardness and also Craase the wear rate of he hars-1acing weki metal. The
CPAMZEd INtarpass Wmpdrtre Tt produced e wekd metl hardness of 1006 HV and minimum
wear rate of 2.00 g was tha Internass Weeporature of 150°,
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Aeuraw nrrvrusenu sndpoléniaHides fe sandes ndnd MG 710 (Fluxconsd wire arc
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Table 1 Cremical Composiion of Matedal and electodes.

Material Chemical composison (%)

Type Standarg c Si Mn or
Medum carbon skl JIS 850C 0.52 0% ors Q19
Hard facing electrodes MG 710 40 12 2 Bs

e e 2
- oy v s ~- Ly
/“fl‘f‘W\ v 3
3 0 S o B ) Y
2 4m3! afacted Z00R Intergans Tenpersturs 160 °C
N L famer
{ /“‘i:'éf § ‘% 'i:g VA T faver 1
3 N ——— NS T —— Vi r——a
Heal aftocied nns Inner~pass Tempersture 250 °C
Layer 3
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..... T W . e B, @\ T &
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P! AMIRCWE] PO Irter-pasx Tompersture 350 °C |
Figure 1 Hardfacing laer was welded.

Fulmadedreande mrde iy mmw rrraades

100 A guuLEN1I§LALN (Protest lomperanre) At 150°C - 0°C g widieaden Ae
1m-mmﬁw«mwwm'ﬂlmm

n

89



M s rArd nTvede et esslnunesy sl 12

(Her pie) asziimerrrsseugaangildadandnmskennisbennlimefiAndsrian de
g Snmgurnlirudnusd shrmies funlwuind: desiiuluuinb Turmgnises

Weanginnsunigungifuimnidnnatannndelustaiiauan 3 fumeneds wades

wenfauf ot sunaauaanaw e 50 Sndims A113E1 100 TaBuns MIMAARTgIY IS 23114
runimwhinmendeie 10 Tedorr whamimrdeaivuer 3 fmenudiainds
usee M wialunmandgungide: wedsifuniliinimaseuiin sz nraey
Tanesiomrclansinen

2.2 Sumsunrmassy

nmmasergnnarrdauserenden sfdl Junmansuunuuia (Ory Sana Rubter Whee!
DSRV) M3aARTPIUMIMASEL ASTM GE5 nrei B lummassudunnesnin i gyl
100°C S 1 3l deriamuAunelunre samisen i lugamides aiaininag
feubrerzunisnian 50 it mmessunmimaeaitd Héarnnlmremne 300400 niuseud
TrEznTmAALL 4308 Lont UmninEnaTum ety 130 S9Fu AruaiTey 200 reLA AT Rnwus
slemaseummdaniaus sf: Figure 2

Figura 2 Dry sancubber whod lealing machens.

mmuamninuhndnﬂimnmﬁmmm&hﬁnmr‘ {Micro
\ichers Hardness) 182 f1l 3 Werzezvamwing
sty 1 Snduon wRlFlummanasen 100 nF sazom lurmmact 10 TR usaiks Figure 3
w

nnates funsasd e iunamrna el smnie s lasssheynmmialae
wormnmrSadeniamemrn wef 240-1200 mudy useRrrisiubsestonmnos 1o
wiaiumm ndahgrinmfans Ecnng) Fnioturudes Fosmsiiduasn e
nanlusdn 10 Saddar uscnralslareaein 30 Daddar Hunlumadanmu s 60 Turf m

90



s pAVAAd nTre s mesmand Ty wid 13

MINTZTU ASTM E407 aimiuarseslaraabiaenbesyamratiuiyuss She OLYMPUS BXS 1M
ﬁmfdwuhﬁmhrmlm Metal) Ukauntznyieu (Heataftect zone) aart s
S ekt Momi Layen) $14t 1.3 usaekis Figure 3 (B)

/ . . } \
2 - | ) Y
ayer J ." — — "'l‘r e . 5 _ 4~ e
'-\ c ; q < : < - Layw
.! : -"- 5 _"I- "'-- l“\ — : e F’ . I.’K‘
N A
‘ N Buse " — o LD
!
P ]
:
(A) Location of the hardness lest (2) Location of the microsinuciures

EANMIVARR BT IS UURAMINARRY
a1 s el aiooma
Figure 4 uammrdAf i nfufmmssuindnmends eduliminensimus Blwite
orduasiinn franmmmsssunuiiandimevdes (vei tace) Sasuainsie lasssham

medirrasogoiuesbigemme sl (Voo Melueednddavnnreses: mebisagrd

Figure 5 ummwmmw
vusdanga 5s 550C Syl dsdumdem dsudf drmanimnetedn

ree Ao farndad Menmmlrredferesdndguiumiqemd 150°C usasirdrnnisin
wredgad 2.02 . unrdledugoaginrwihaimdadunude 250°C ua: 350°C muidanms

dnvreanlingdu aansirrramadoured 2.2 nfu uas 2.5 niu muddy Sierandmlinnng
daduredanmidmnereiuicadesdhusninmsas s nadasaielaziden me
Sumeninud At Figue 5

91



rier-pema Targermus )

13 sanTmensuATuS
Figure 6 adnian massuA I maires deniamndeanentsaihiemaden o 710

aferdeuganginwhafioaden # 150°C, 20°C ea2350°C fomurimuugif 150°C Wikarn
"'WMM3M 150°C Vhoulausurn uar o
Yeu musiasnivwmeseus 18 81 0 TAwrnudonluin 290 - 320 v ussugeidelmede
&l 1 musbwninanasend 18013 Saraadeagluia 710 - 810 Hv e Tauntiagefuiide
Tvzdesdudl 2 mezdcninansaeud 14 80 26 Shammuioegludn 850 . 863 1y aazilelavs
AuAid 3 Db wmaiagaresironinmwsed 27 B 38 Smsedegiuie 520- 1008 v
faseraderfinidone: SCranerjes and TK P BreruPriviwadddaduresnmismen
Inutadanalihnmadriuiodur hovmdevinuse S (ASTM grace 2600) Snurulav:
e 3 fu (Crmenpe, 5. and Pal, 7X.,2008) usrdieiagongioaiendesdusm # 250°C muda
rrsdniunimeduandes uanidt Figue ¢ deahn Fefgumgiimwinddadun i
150°C unzigaungs 7 350°C uarrvesiwrnudeioga futonlavsiun sas hounrovteu
rruzranisnaraseud .18 810 Shwnuudoegluiag 233 - 260 Wy unsianaudelaniindin
et s et dus Fidelon: desdidl 1 rmucdwninmmasend 1 8213 Siawrnds
s 297 - 340 1y sazF sl antiagehd delmmfedud 2 sesfoninmeses 14
81 26 SAwraudongiub 410530 W sssdalmmdenndid 3 smesdwninsneaend 27 8138 8
Famnaiieglidas 670 - 870 W Baeonnd Sremeimlidnmiase i rsudeiuislens des
Srearmransmesirrnndmonesiuinlen de £ figue ¢ Sieradeii inddeue: qrifnd
(2654) #an1e¥ie Fesmginrmmidonrewdafredandementautnumin am 100 130
sornrkerreve ko leundeslh (orifind 2554)

92



i Epavrs i wn b memasd sl aid 12

=l
X3
(=3
o
4

rier-pass Tempeatin - 160 O 2600 —&- M0

1000 ' 'Mpv‘
) 0%
.._ W °m.0°

0000000009

=ttt

[

Hirchises (4
=
-
o
R S R Y B Y

600

il 4
H -
i P
+ “,!m“"
400 ¢ ’

:
potagtn_sgs e Py
- oodacons e | sanadan

Paaalt ‘s‘bong ti.:,‘

200 4

-

1 RS HAZ !

0 ‘00-!..QOOOOOt'OOOO:'l.Q".|l!0.‘0.0'..'0‘.'l'="0|l RN ]

AB1G1412-108 £ 4 -2 0 244 BN HUBBORZHNEBNUMNIMNS
Do (rrem)

Figure 6 hardness datribution along e hardiaced weided.

Elecirodes MG 710

4

samrmarveulnraaiirgamn

Figure 7 uapilansshifurudemvenioet guuglerwinadmden 150C dendenarden uo
710 Esasmimmrd sq i uns Avrrrrndouredige fownitnrarnsesla s amatun
ranTLUARE Fioure TIA) nuhlarsshemmeinalsweiuo Aalaahanndémsaifem
ez @il fanwirduoiamieTiad @av) unzoieTunlnd @dn) A3 Fgae 7 @) omuirluid
nrrwUieurelsundes musorefled saniaolsunted dudinandon: 31 kye ot 21 2010 13
o mdeann s limonus: e assoe s Toulnd dhoasadimm
Yodnandoar@omacnrr i snanmles (e of al, 2010 Kt Figure 7 (8) ivaude
Aex (wek 4R 1 Figure 7 (C) amaserUnnglasearaumulad Woaseunnanagoe
Tradarflok qrard) Sinsosakool sl Gendl piliane . 160) drmcsmmz e
#resnnlistuse Fore 7 D) samirnainqammividedadud 2 freucnndgma:
31 Unngoialmdisrafiod nizvslularesiae (qra guifind, 2584) Figure 7 (6) asnclareaie
rwitacude dudidl 1 fmarnndnondn e hasermanagots deumflud
mtm‘hﬂmmmml.m

s

93



150°C Layyer 1

(D) Inter-pass 1 150°C Layer 2 (E) Inter-pass 150°C Layer 3
Fgure 7 Microsructures 3 hardaced weided layers with inter-pass lemperature 150°C

Figure 8 asasinfiruferdmeas b ahsyamalavsdedud 3 qauglanwindeades
Fu11u150°C - 350°C Fmuhdnrasimuredaus dediovuzanniiu Furiiimmuioe
gungh 150°C mudmeasnnuninndnusstinnguialardoumflufidvose i (pefean @,
2555) nrrenfenasiusie £ Figue 8(A) dedagauaginyiafradelu mimuwssunm
mebulasdedmaruFugaaigannd 350°C dminarimasnn seddeusdes fe i,
Image J mrATgemgl 150°C tuweenty TueRsTin 22.7 pm Aigwe 9 anrfanlindudy
MWMMM.- AT 51.65 um PR Figure 9
MM*M (Grartshaniyan, 2011)

(A) orepass 150°C Layer 3 (B) Interpass 250°C Layer 3 {C) Inferspass 350°C Layer 3
Figure 8 Microsructures hard-faced welded layer 3 with Pre-haat temperature 150°C - 350°C
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