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ABSTRACT

This research was aimed to study the efficiency of metal arc welding
resurface processes to extend the service life of long tail propeller shafts of the local
fishing boats. The study was initiated with the identification of the main cause of the
deterioration of the shafts. The tested materials were conducted by different metal
welding processes using Flux Cored Arc Welding Process (X111-T5-K4 and E71T-
1CH8/T/9M-D core wires) and Shield Metal Arc Welding Process (E7016 core wire) and
determined the mechanical properties consisting of the resistance of metal fatigue,
corrosion and mass loss. Comparison among the aforementioned different welding
processes were carried out to evaluate and select the best efficiency of metal arc
welding resurface processes for repairing the reused shafts. The result revealed that
the new process could extend the service life longer than that of the conventional
one with the resistance of metal fatigue of 97,896 number of cycle, corrosion rate at
4.078 mm/year, mass loss at 29.2 grams/year and the average service life of 2 years
as compared to 0.5 year of the conventional one. The result of this study will
certainly reduce the fishing cost of local fishermen and prevent marine integrity of

the coastal area from incomplete engine from fishing boat.
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3.1.1 WANNATENNTA scm 440

mANNATWALINTA SCM 440 3o AISI 4140 Feidunaumani
Fauandlunsned 1 wazauiRiBanauanslumssd 2 Wumdnndiasvoudunans fls
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A15199 1 dUNANNILATVRANANNATNALLNTA AISI 4140

S1ANEN | TouaTsINNEY

C 0.38-0.43
Si 0.15-0.35
Mn 0.60-0.85

P Max.0.03

S Max.0.03
Cr 0.9-1.2
Mo 0.15-0.30

Ni Max.0.25
Cu Max.0.30

A15199 2 audATNNaTeLUANNANANLNTA AISI 4140

GRQIGITNGE e A1

Tensile Strencth N/mm’ 980

Yield Strength N/mm” 830
Percentage of elongation % 12
Percentage of area reduction % a5
Impact value J 59

3.1.2 adndouviunandinsa E 7016

aInTauuNENGNTA LB 52 %se E 7016 fdiunauniaaiinans
Tum151991 3 wazaudRidenananslumsei 4 \Wuandeuiurdnduinlalasiaus Weulad
Tunnyiidey wuldondAnandin1nad a1u15aNIuN1TNITIVADUAILNITNTLIELAR
& = v - % ' % v A A v =
weNINURUITRNNIFAINAINTRN LB-52 fanunusanisuaninilasieusndie anieu
LB-52 (g U U ouaN IULIIRIE 1ADIN15AMNINIIUTDNES



M19199 3 drunaNnIsAlveRINTEUNNENGINTA E 7016

S1ANEN | TouaTsINNEY
C 0.08
Si 0.6
Mn 0.94
p 0.011
S 0.006

A1519% 4 auURLTINaVRIAIAIBULNTA E 7016

GRQIGINGE VAVl A1

Tensile Strencth N/mm’ 540

Yield Strength N/mm” 460

Percentage of elongation % 26

Percentage of area % 75
reduction

Impact value J ar

3.1.3 anadouldWandinse x111-T5-Ka

ardeuldndndinge x111-T5-K4 Sdrunauniaaiifsuansly
M15797 5 wazautRiBenauanslunised 6 Lﬁumm%ammqua Wz dmsuldidon
LABNNATNANVIUKTIFIE Fouen LLGﬂﬁ@mJ‘HWLLU’JL%EJMQQ AsduLudenSeu wuadoud
ANULDISINUNY

A15199 5 drunauniaaivesatadionldnanginse x111-T5-Ka

CALLGEY SouazsInHEY
C 0.06
Mn 1.45
Si 0.45
Mo 0.45
Ni 2.20
Cr 0.50
S 0.025
P 0.025




A151991 6 UURTINAYIAIATRUINTA x111-T5-K4

AUUATINA YUY A
AT HV | 285-352
= 2
AULDILTIR N/mm >980

2
ﬂ’]’]ﬂJLL%x‘lLLﬁ\‘iﬂﬁ’]ﬂ N/mm >830

2
ANULTILTINTEWNA | J/cm >59

A158MA7 % 12%

3.1.4 adndauldWandinsa E71T-1CH8/T-9M-D

ariouldndndinsn E7T1T-1CH8/T-9M-D fldrunauvniaiadl
Fawanslunsnedt 7 wazauUAdnananslunissi 8 Wuaindeuldndng Mnunisvageu
AIUNINTFIUEINAAI 9 BENUINUY 13U ABS, Lloyd’s Register, DNV, BV wag NK Sarfula
lramdeuldndnddmsvauman fuill Weuwhfumadonldnadndddedu 4 manedu
muL%aumﬁﬂwumaﬁaqﬁzé’u 490 N/mm’ Iﬂ&JLawwzmuﬁéfmmi@mmwumL%auqq
dusnuideslugieite vulassadsvwelng Wudu uenandandouldndnddisns
mm@mf‘jaﬁﬁauﬁwqa audnnzeandie asfialiideutdes (Jefieufuaindeuldndnd
Tuszauldeniv)

AM519% 7 dunanaaivesanadenldndndinsa E71T-1CH8/T-9M-D

5NEY SouazsIANEY

C 0.03

Mn 1.60

Si 0.6

Mo -

Ni -

Cr -
S 0.012
P 0.010




A9197 8 anvABenavesalnidemnsn E71T-1CH8/T-9M-D

dUUALYINE YUY A
AL HV 280

= 2
AULDILTIR N/mm” | 900

2
ANULTISIATIN | N/mm” | 750

2
ANULTILTINTEWNA | J/cm 27

A158MA7 % 19%

3.2 MsVUFUBUIY

tudnndmasingn SCM 440 Tugusa C suiaiudivida 3 dh wdaidu
viou 9 AnuElauaY 30 WwuRmng Mntuwinsdeumenluses ¢ Fensadinaden
wonfauuuia 9 Tiun nssuAsmadenliindheaindoniuldndinge £ 7016 nysuAsnng
Fouuunseamadenldndndingn x111-T5-kd uaznssuisnsdeuunndoaindenldndnd
\n3M E71T/1CH8/T/9M-D fauansluguil 4 Tngldarndouuazmsfineslusnuionniud
selumsnedl 9 selviRadoumenlugud 5 1Bush anduiandauaslafuuvisdindouwun
nieanien 125 x 226 fadiuns Auansluzuil 6 uazihludiadesiaiiovnnfaniile
Srufuanduguil 7 newhlunds ONC Tusuil 8 THldTununeaouradurinugudnans
12.18 fadiung 17 226 Tadwns Uarsaesdtnannii 45 esan 1 Tadins lnefiszey 65
findlns SaanUasassinaiildeed 30 Sunutunudedouvinay 48 Fu siuviau
144 §u Funumaiiazgninisafafenistanssamumseies 80, 120, 180, 360, 600, 800
wag 1,200 AuEIeU gaving yanuazomlagldrausansledadunal 5 Wi e
119551 ASTM G1-03 [10] THIutusudidaiielivaasy Tnsfunuiizuisuasaunds
uamaluguil 9
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AssuiEMTEanuLndne
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poAanfuans

SUN 4 N353 RuNBNHILUUANY 9

a5 9 Amnsiweslumsideunieiununadey
fiauds nine ARLUT
andounan - x111-T5-K4 E71T_1Cg8ﬁ_9M_ E7016
WAANE % B0%Ar 809%Ar 20%CO, -
20%CO,
MINNTINAVDILAANE /min 12 12 -
yuAEURAUSNANDIIALTe mm 1.2 1.2 q
nszuAdol A 149 140 140
Lo % 21 24.5 24.5
AnUSIRuTay mm/min 150 150 150
Ausauloudn KJ/mm 1.00128 1.0976 1.37

sUN 5 fgeunen
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d' : o @ ) [ £
sUN 9 Funudnsadmsuldnnaeu
3.3 N1SNAFIUTUNY
< v [
3.3.1 NMINAHBUAUUTILIIAILUUATURYUAR

PIFUITUNAFBUIIUIL 126 TUUNATIURILAIININZNTINID
nsweNnenlUnedoUANLIWITIANULINTEIU ASTM E739-91 [11] Fslduauvadey
6 FUMD 1 ANUINUN LAZANINUNNAADUTIVUAT 7 A1 ADELASOINAZDUAIILLTILITIAN
WUURIUMYUYBIUTEY Ratnakar enterprise aimanuisaseulunisngu 4200 seusaundl
Aanandlugui 10 Tumsvegeuauudanssdlalinissuminunauiiioasneeluuudan
ADLAAAINULAUUNALATUITUALAAIIUAITIN 10 TUANNAAIAINULAULALTOUNTUIIUIIN
A o v < v a A
Wothluasansinerganulausadn (S-N Curve) vasialounan

A15199 10 AU Tuudes wazAnuAuUnANlglun1snaaau

drwtin (N) | Tuauddn (N.m) | a2uduund (MPa)
345.116 1.759 350
413.197 2.106 400
493.051 2.513 500
509.924 2.599 517
591.739 3.016 600
690.232 3.518 700
788.920 4.021 800
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5UN 10 LATDMARDUNTAMUUAUMUAR

3.3.2 N1SNAFIUNISNANIDUAILNUDNLNED

thiununeaeufiedsuaindndouwen X111-T5-K4  uay E71T-
1CH8/T/9M-D $uuedisaz 3 SulunadeuaufumusonIsAanTeunuamsg I ASTM
B 117 [12] éhewp3pwedeaunisianiousuutennde The Singleton Corporation:
SCCH21 fauandlugud 11 Tnglditeulunsmaaoude mnuituduasazaneinde 5+ 0.5%
(w/w) aadunsneng 6.5-7.2 gannil chamber 34-36 °C gaungil Tower 46-49 °C
ANGUBINTA 12-18 psi UTunamneninde 1.0-2.0 mU/hr./80 cm’ seezatlunsvagey
wadu 24 Falus Yedwiin 4 drananfie nounadeu Halusil 4 $aluedt 8 wazdaluedl 24
audiu AntuindemaiAnatuunsainmsnsifiaseanualudilusd 8 wazdalui 24
vosntsnaaey sty mingapdedudoyauszney andutainadudrauasdaiminlnd
Uszanansauanuestuaiiuuasmsnmsfinnsounannas ASTM G1-90 [13]

5UT 11 1AT9IMAOUNNINANTOURUUVINBNINGS
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3.3.3 NSNAFIUNITANNTOLUUUAE

thiununeaeufiwdsuanindounen X111-T5-K4  way E71T-
1CHB/T/9M-D  S1urusgay 3 Jundaliliown 25x75x40  faduns  wilunaaoy
APUATUNIUABNITANYIDAINNINTTIU ASTM G65 — 94 [14] Teglansreurisiazanens
Husdudatuiunuiineaey fuandusuil 12 shnmsveseunsdnvsenuudaduina
doideu lumdvidnamamnudou uazuinasielansnu sTflemiﬁﬂwmmiugUﬁ 13

o P
8

Dry Sand -~ %P

O,

Lo
Rubber Wheel
F

< Specimen
i v gl S s

JUN 13 dunisdnm

3.3.4 N1319731A39E3199901A

ARTULIINRBTNNanTIwSsulIdmTunsAnulasasegania
NUUTEUIN 1 IURLLAS 1H99NUUnaRn 85T Laglton TN unaNT0 I TULATAILS S
UA381M89571d71 5:1 509UNTENUITULI  TRPUNAGOUAIBNTTANTIBLUDS 80, 120,

o w o

180, 360, 600, 800 Wwaz 1200 Aud1AU UNTUUlUINANLaEIRMIELATINAINNAL D

a o

Ingldnaudansledaduian 5 wiil Tavunageureindnrainiidisegiun Ywineunia 5
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war 1 hATAU MNAeU  kalt1duauldvinenuazenmeweIasvinanuazenlae 1y
Aaudanseladuiial 5 undnase thduneaaunniaRINtsgaITaray NidIUNEY

a o dy a a aa 9; a aa < a a v %’/
AT nsalumsn 5 Nadans wazdl 190 fadans 1usseznan 10 Juni anesnein

o

G
wagyin i M1n1581801nlATIa3199801AVRTUNARBUUTIIUAN 9 NdAgymendes

o

¥

FanssAduuuldias (Optical Microscope) sawandluguin 14

JUN 14 ndesganssaiuuuldua
3.3.5 N15LYBUNDNNA LUINTVUITUDIY

tnarludnsiidnusotuiniosdafisugudinat drontsdugud
Janeiwantis 2 413 neld vetradundosdiolunisnsraseuidesdu wiaufurhnismune
funa (mark) Tngldwednuieunnniudfmuntinussosmaniidngs antutiinandu
uwiunds vhnisBasumaiuasisquisevineiiduau dudndunddlduiudugudieg
in3esliieglusgiuiisaiuiiiedestulaliAnnisazdn lusznitanisndanioudnu
Tiihfuaziudaduidszasanarmonisedunigaivhnisdounenlagnisie
dulilasszezfidnuse Uszunasiadiuns ndsvenlsfidnndnnandudszuna
4 fadiuns ndundenaziBeauumaniianuun elvidelangfiagihuwenfasudl#d
ihnseaevieinagernusieruinnuiivioul elviazerndiesonindeunen i
ﬁwmaﬂué’fﬂsﬁﬁum%ﬁﬂLﬁnguéﬁﬂﬂ%ﬂLﬁaﬁwmﬁwaﬂﬁaﬁqLLamﬂugﬂﬁ 15
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5UN 15 mMadpuneniinaludnsduauase

Lﬁum%aL%auimﬂiﬁﬁaL%amaqmqﬁﬁumuﬂizmm 1 9 Buandevdernildaiuate
mAouldoussAIusa 150 fadwnsaeuil vasdenasdlidunnnnussusie
FaaldieuduAnannmamindlinuasildfisnuesrsrausdudaldfnftuay
S1dusipmmgaindeadon neuldfounarain afnduiiliazarsesnainineu lasaudn
Fusuiuedoandousrolu lunsdeuwenmaniu ndnuftRredendeuwenianuldlaniy
UPTUIY 4 mm ienenlduunn ¥insasiafiiuazinsundienIesieauen 1rh
wiandndvieiounmiusnainenitliifierisszuieaudeunazymidiiivssau
TAdounendainfintuauanniy laaudeu seldmandusiazianiuiniasnas
Lazndeleniatdounenliudovunniniusnulni dadrefmsiovinazidoanay
difundeduiionnuadliiamanSounasiinnusuildounnasi Emestadu [15] 910ty
inlUldau asaRanuna

4.4an15798
4.1 NAN1TNAFBUAINLYILTIRIRILATUAYUGR
NaﬂTﬁVlﬂaE]Uﬂ’J']iJLL%QLL'ﬁ\?éJW‘UENa’JL%E]QJWE]ﬂLWﬁ"IIU'ﬁﬂiﬁﬂ 3 sﬁﬁﬂ lg{LLﬂl

Adeunenmailudnsinge x111-T5-Ka 1nsa E71T-1CH8/T/9M-D wazinsa E7016 wansly
NIMIUN 16 uag 17
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S-N Curve of Surface Welding
900

E71T-1CH8/T-SM-D
800 /T

200 K111-T5-K4
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Fatigue Strength (MPa)
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0 200000 400000 600000 BODODDOD 1000000 1200000

Fatigue Life [ Number of Cycle)
sUfl 16 Anuudaussdrvesiandeunenldndndinsa x111-T5-Ka uazinsa E71T-
1CH8/T/9M-D
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400
350
300
250
200
150
100

Tt R%=0.9423

Fatigue strength (MPa)

vl
o
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JUN 17 anuudeussdvesiindeuneniiundndinga E7016

i(Iogcr—logA)
NNFUNTTIIUEDIEANTA1 N =108

(1) og fie AMAMUAEININT vie Wwngdraana Ny Ao 81811581 v
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4.2 NANISNAGBUNISNANIOUAILNUDNLNED
4.2.1 HANISNAFIUINTINTITAANIDUVDITVUIUNAGDU

nsfanseuaiateaR i (Uniform Corrosion) fiaan 8 Falus
Andounanldndndinse E71T-1CH8/T/OM-D  uazAndounanldndndinsn X111-T5-Ka
f¥ovazAndonisiinaduunt 25% waz 15% muddu uasfivna 24 s Tunuifesas
AnadsnAnaTuLAg 40% way 25% puau fanansluguil 18,19 Welddeyansimusia
Tugufl 20 ArsanUssnevannsamdnnistandouvesiuiifaufisusunaild fudounen
T&dndinsa X111-T5-Ka 19msinisiansou  0.21 ansedadiunsdedalus Adeunen
T&dndinsn E71T-1CH8/T/oM-D Tidnsnisianseu 0.32 ms1efiadunssiadalus Usunm
ihwiingadesonnenauandusuil 20 Andeuwenldndndingn X111-T5-Ka Fuaiiudn
liifundt 4.8 fadwns YSuesaiy 16.3 gnuiAnigufiuns Ui%Lﬁuf\]’mﬁWMﬁﬂqmuLﬁEJ 32
n¥u Andeunenldldndinsa E7IT-1CH8/T/9MD  duaiiudnlahiunit 5.85 fadwns
USumsaily 24.2 gnuienlgusiums Uﬁzl,ﬁumﬂﬁmﬁ’ﬂgmlﬁa 48 n3u [16]

Red Rust 25% 8 hrs.
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Red Rust 15% 0
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Red Rust 25%
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4.3 NANISNAGFBUNISANVATIRUUIAE
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4.4 Nan13ANElATIE399a01A

msAnwlasiaiansganiavesidounenseamadesldndndinga X111-
T5-K4 USnmudunastarasvesmaiion Usnansenuiouresmaiion waruinaniodey
wansluguil 26-28 Tassadagamavesdiodessznaudelassadny Acicular ferite (AF)
Hudaule uenanildamulaseadrs Polygonal ferrite (PF) wazlnseadns Widmanstatten
(WF) e‘z‘iasﬁ’agaﬁ Magudeeswaran lfasungliianudeulunsifonuazsasnisibusiasd
HANTENURRAUEIUINY (morphology) lawn wun gﬂﬁéw WaENIINITANLRIVBLNBILIA
wazioslsdaziivuansuazBoailondsulunisidentardnnisifusianas Ui
93 Acicular ferrite (AF) ansnsnvsdiauannsafumudensivesiaudounen ilasan
TnssaframeslsiguidudnFosdnaufuiliiauudoussge (177 5U7 29 wans
mMsSsuiisuinuvialasiaiaganirvesainidenldwdndinsn X111-T5-Ka fu E71T-
1CH8/T/9M-D

5UN 26 laseainaganinuinidurasiaraIevoaInien X111-T5-K4

UM 27 1A59a3199801AUTINNTENUTEUVRIAIALTRN X111-T5-K4
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KaHa wddunadunualdanelunmsgenigaseud wuivuylunisdenthsssoaaiden
wanisansrdauanieiuds 68,250 v TasdedaUszananisainistisnvesienonay
fedars 65 &1 lurae Bean 2557 B9 Awnau 2558 sdinindenldaimdeunen
fimnzaudmiuidondeuneniamaluinsSonsuaz vinedn auzdidefiansanainengms
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A1519% 11 Useiinisdeutizasenauagyingso

Auiiiudoyaugund MALALES savan
YI981U09UBYA U 2557-2558
SrunuSedlinsluseud 65 &
AR lUTEAUTIEULSS 11nan2 A3a/d1/d

USunauatevesainieunend miunisgeuuis —- o 3
15 Alansu/msy

LNaL3D

FPaInLTon X111-T5-Ka 210U w/Alansu
s1Paaden E110T5-KaH4 245U w/Alansu
anldanelunnsteainiden X111-T5-Ka /ase/a 3,150 U
Alddnelunisdoaniden E110T5-KaHA /ase/dn 3,675 UM
anldanelunsteaniden X111-T5-Ka /&4 6,300 U
Aldanelunsgoadniden E110T5-KaHA /d1/3 7,350 UM

ANMTIELANASIUNSTRAIA BN X111-T5-K4

o 68,250 U
way E110T5-KAH4 /65674
Aldaneunnatdlunisteandeuden X111-T5-Ka
341,250 v

way E110T5-K4H4 /65a1/5¢

nsidendouweniumanluinssomndesldwdndinsn X111-T5-ka fs1an

i 210 vseRlaniu dumsdoudeumeniuwailuinsiomndedldwdndinga E110T5-
KaHa fisAndt 245 vindeAlaniu Aunuvesandouisaesunnsetuils 35 vindedlansu
Mnadfnisdoutizuaielay 2 afwiondsdndo  nadouunndieaindouldndnd
A X111-T5-Kd ilvanldanglunisgentrsanarludnslaesinanas 68,250 umsial
AnLdu 16.67 % vesiunusenthzumaludnsimualuseud doyamaiiudoyausenou
reuszisdeyandniemmdoninsn E71T-1CH8/T/9M-D 1nfiansanss 29Us1nge18n1san
vosaniBeuldwdndingn X111-T5-Ka uay E71T-1CH8/T/9M-D dauandluns Uil 14-15
AanduaTaiindusumailuinsvesdonouasinedndeiuiidstunniedossudiea
Sfedusing 1guueu wunn 11 wseh luanngasianuiidmanuidulendagavuia 517
wngliaana nuinsaAsmadeunundealadenldndndingn X111-T5-ka Tiengnsdni
97,896 s9UTndnT uaznsTAEMsdeunundeatndouldndndingn E71T-1CHS/T/9M-D
Torgmsdmniniuseuipging Saumnssiusesiifossdny

muudaussdvesiandoumenmanludngingn X111-T5-Ka fian 371
MPa

anuudanssdvesiiudeouneniwarludnginga E71T-1CH8/T/9M-D
{ifn 195 MPa
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91gMIE e UTeINTA X111-T5-KA AifArandy 517 MPa aal
NufAe 97,896 59UININS
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R al1
59P18INToU X111-T5-K4 210U w/Alansu
siPaaden E7016 70um/Alaniu
anldinelunisteainiden X111-T5-Ka /ase/d 3,150 UM
Aldsnelunisteaniden E71016/A3/an 1,050 U
anldinelunnsteainiden X111-T5-Kd /81/6% 75,600 U
Aldsnelunisteanndon E7016/81/67 75,600 UM
Aldsneunnanslunisteaindouten X111-T5-Ka C

o laiumnemng
way E7016/681/61
Algaeuanaslun1saiuns/a1/6U 1,500 U
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NANISASITRAAIUNANISLANFNUUSIUTOULYBUVDUNAT ATIVIAWAY
Uszidiuna T9aunns (5) AUIUMIENSINISIANTOUVDIRITDUNDNAI LA NATNS ARSI UANNS
(6) waz (7)

(5) 9nsINsAansou Hedwnsnel) = Kx W
AxTxD
K = fpsdl (8.76 x 107
T = a0 ()
A = Uit (amudiuns)
W = ﬁ’lmﬁfm‘fiqzyﬁa (n3w)
D = AUvWLLY (NS/gnuiAfivumimmg)

AUV X111-T5-KE fa 7.83 o/cm’
AUNUILUUTDY E71T-1CH8/T/9M-D A 7.71 g/cm3

PHTINITNANTBUVDY X111-T5-Kd
K x W (8.76 x 10') x 0.07

AXTxD _[1.6 cm2 X 120 hrx 7.83 ¢/ Cm}|
= 4.078 mm /y

(6) BRTININANTOUVDS E71T-1CH8/T/9M-D
KxW (8.76 x 10') x 0.09 g
AXTxD _[1.6 cm2 X120 hrx 7.71 ¢/ cm]
=5326 mm/y

(1) madrduldvesindeuwenimarludnsiuiannanludng
wmanndmauinsa SCM - 440 1Hudnuszifiunilsnfidermsfnuauguilaenasn
falassasamaeuarlasiaigania tassadeduiin X111-T5-ke alusil 8 wazdalus
7l 24 fiduidugnineentuuandlugudl 30 Tassa¥rdufin E71T-1CH8/T/9M-D Halusil 8
wardaluadl 24 Auiidugndneenluuandluzuil 31 msfansouesindeunen  E71T-
1CH8/T/9M-D Wiureuinsuunauiinm uwivnaidiulsngwiute iunsinnieuaiiane
faaianid inmdneenlediiuluaiuuns WATNUNITAANTBULUUIAUTUINUIN
uAn1sAnnTouYes X111-T5-Ka iuveuinsulidaiau tiesaningn X111-Ts-Ka fdruna
yodlasidoy dnifia wazluduAtuiinnniddinaderuudwedasaasinanedn
nsanasesntstandouauuvainaveimiuasuuugn  audiidinavesiandounan
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\uteyaatuayunisdenldiudeunendisaindouinsn  x111-T5-Ka Iéidusged
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\Helanziin nsneaouauudeiiiunaasuainiielanspuusnailddunansenuna
mudounazusnatodeudenssiansideununlaenisaneleulansuuvasd fiszes
0-5 mm uwaz 50-55 mm Uuvinalansgiu Wldsunansenunisanudounainuuds
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Adesmenseanideuld dndannssiAsmadoununivuieddu usinsaaindunaumnis
wniiinsfunuindinasienignisén Tnendeunenldndndinga x111-Ts-Ka  1%e1gnsén
gmuuniRudoumenldndndingn E71T-1CH8/T/9M-D angn1sdagtufunisyanmidudn
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5. AvuAuATuIIALilegnianfiansaniseuszeziian 5 U wuii Balieu
WONLNTA x111-T5-K4 THANANAIMIGATYEANEATIAINTTUANIIRNITOUNDNNTA ET1T-
1CH8/T/9M-D

5.2 YDLAUDLUY
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Propeller Shafts Hardfacing by Semi-Automation Welding Repair Process
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Abstract

This research aims to study the result of propeller shafts Hardfacing by Semi-Automation Welding Repair
Process, which was made from AISI 4140 alloy steel. Spray transfer MAG welding process is used for shaft
metal spray, and then the weld surface was taken to test the hardness, corresponding to ASTM E384-89. As
the result, it is found that the average value of hardness is 275 Vickers, and the heat affected zone has the
average hardness value of 300 Vickers. The data will be used for investigating and improving parameters of
shaft metal spray, in order to use it more effectively.

Keywords: Semi-Automation welding repair process, AISI 4140, hardness properties
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Introduction

The drive system of ship has prime mover, gear,
shaft, and propeller or propulsor, as the major
components [1-3]. For ships with diesel drive
system, the details of components are as shown
in figure 1. The calculation of a propeller shaft’s
drive power involves these values: Brake power,
Pg is the drive power at the rear of the engine;
Shaft power, Pg is the drive power from the gear
to propeller shaft; and Delivery Power, Py is the
drive power that has been delivered to the
propeller, which needs to be greater than the
Resistance, Ry that occurred at various speed of
ship. The delivery power is directly related to the
Effective power, Pg as shown in figure 2, where
Ne = Gear Efficiency, Pg/Pg and Ng = Shaft

Efficiency, Pp/Ps.

¥

Figure 1 The assembly components in the drive

System [3].
v
\ Rr. Pe =RV

Pr=TVa Po

Figure 2 The relation of drive power [3].

A propeller shaft has a very long length, which it
needs bearing to support it continuously, with
periodic spacing. The position that the shaft needs
to touch the bearing will have the sleeve to
support the propeller shaft. Mostly, the end of a
shaft will have the twist to lock the propeller and
shaft flanges. The shaft that juts out from the ship
will always expose to the sea water, therefore, the
protective covering is needed for an alloy steel
shaft, in order to prevent the rust formation when
sea water reacts with the shaft. Propeller shafts
are classified into 2 types, sorted by its
characteristics. The first type is called the fixed
pitch propeller shaft, which it has the solid shaft
all the way through the end. For moving forwards
and backwards, the propeller shaft needs to rotate
reversely. On the other hand, the controllable
pitch propeller shaft has a hollow shaft all the way
through the end, which the hollow part inside is
the runway of hydraulics oil that controls the pitch
of a propeller shaft. It uses the angle adjustment
of propeller shaft pitch to move forwards and
backwards. Generally, propeller shafts are made
from medium carbon steel, as shown in figure 3. It
is widely used because of its cheap price and its
high strength; however, it is corrosive when
exposed to water and air, which will eventually
cause rusting. Therefore, this type of shaft needs
rubber or plastic covering, to prevent rusting
problem. The copper alloys sleeve is put at a
position where the shaft touches the bearing,
since copper alloys have a high corrosion

resistance to the sea water [4, 5].
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Figure 3 Carbon steel propeller shaft [1].

Propeller shaft and Thordon, while working
together, will always generate frictions against
each other. Therefore, the wear damage will occur
untimely. When the parts failed, it will be repaired
by using the spray transfer MAG welding process,
as shown in figure 4, which can occurs when the
electric current is above 250A and the pressure is
between 34-40 Volts. This process is suitable for
a very thick shaft. The spray transfer which occurs
at the end of a welding rod, which received high
temperature, will melt into small particles, spray
from the arc to the work piece in the direction
where the end of the welding rod pointed to. The
size of the alloy particle is equal to or smaller than

the diameter of the welding rod slightly [6-15].
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Figure 4 The spray transfer

Materials and Methods
1. Step of repair maintenance shafts
The wear propeller shaft was taken to the shaft

alignment bending machine by aligning both ends,

using the surface gauge, to do the preliminary
examination, as well as marking the wear position
by using chalks or markers. After that, the shaft
was put on a lathe machine to get fixed and
aligned between the head stock and the tail stock,
to prevent itself from swinging out. While lathing,
prepare the surface of a workpiece to be on a
steady rest, to support the shaft by marking the
point, where the spraying will be applied on, with
the line drawing on the wear part at more than
5mm. The turning operation was done to the shaft
to reduce its size by 4 mm. Then, the reduced-
size shaft got fine threaded, to improve the
assembling of metals that meant to be sprayed.
After that, a paper or clean cloth was used to
wrap the prepared surface of the workpiece, for
cleanliness, to spray on easily. The propeller shaft

was put on the shaft alignment bending machine

again to get sprayed, as shown in figure 5.

Figure 5 The spray transfer MAG welding

process

Before turning on the spray machine, the surface
of a workpiece needs to be cleaned by using
acetone, then the alignment bending machine can
be started to make the surface dry. After drying,
the spraying operation and smoke vacuum were
started. The head of the spray machine was

placed away from the surface of a workpiece by 8
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inches. The operation can start either from left
hand side or right hand side and the rate of the
sprayer head’s movement was 0.5 foot per
minute. While spraying, it is essential to inspect
the smoothness of the surface. If the surface is
patchy, due to the incompleteness of burning, the
spraying will not attach on the surface of a
workpiece. The operation will have to be stopped,
and hammer and chisel were used to remove the
unmelted particles from the surface of a
workpiece. After the unmelted particles were
removed, the spraying operation was continued. It
is important to spray the surface larger than the
workpiece by 4 mm. After the spraying size was
appropriate, the surface smoothness was checked
and the outside micrometer was used to measure
the surface. A flux stick or a candle was applied
on the sprayed area, to cool down the heat and
improve bonding between the spray particles and
the surface of a workpiece. The alignment
bending machine was run for 3-4 hours, to expel
the heat. After that shaft has cooled down, it was
put on the lathe machine and was turning the
sprayed surface to have the same size as the
original workpiece. Then, a fine sand cloth with
lubricant was used, to smoothen and polished the

surface of a workpiece evenly.

2. Materials

X111-T5-K4 flux cored wire; the chemical

composition is as shown on table 1.

Table 1 Chemical composition of X111-T5-K4 flux

cored wire

Electrode Type C Mo S P S Mo Nt Cr

X111-T5-K4 (wg. %)

006 145 045 0025 0025 045 220 050

AISI 4140 grade alloy steel; the chemical

composition is as shown on table 2.
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Table 2 Chemical composition of AlSI 4140 grade

Base Metal C Mo &8 P § Mo M

AIST 4140 Alloy steel (wg. %) 040 0.72 025 0.02 002 022 020 030

3. Microstructure investigation

Cut out 1 cm of workpiece’s welded surface, do
the resin casting with 5:1 accelerator, wait until
the resin dried, then polish with no. 80, 120, 180,
360, 600, 800, and 1200 sand paper, respectively.
Use the ultrasonic wave to clean the workpiece
for 5 minutes. Polish the workpiece again by using
the woolen fabric with 5 and 1 micron alumina
powder, respectively. After that, use the ultrasonic
wave to clean the workpiece for 5 minutes again.
Etch the surface with the solution of 5 ml Nitric
acid and 190 ml water for 10 minutes. Then, rinse
off with water and make it dry. The pictures of
microstructure were taken by using the optical

microscope.

4. Hardness test

Cut the workpiece that has been sprayed to test
the hardness at a microscopic level, conforming to
ASTM E384-89. The hardness values were taken
from the base metal, heat affected zone, and weld
metal, which were measured on every 0.5 mm in

3 directions, as shown in figure 6.

Figure 6 3 directions of hardness measurements.

Results
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1. Result of investigation on microstructure

The microstructure at the heat affected zone
which was expanded 50 times is shown in figure
7, and the microstructure at the sprayed surface

which was expanded 20 times is shown in figure

Figure 7 The microstructure at the heat affected

zone which was expanded 50 times.

Figure 8 The microstructure at the sprayed

surface which was expanded 20 times.

2. Result of hardness test

As a result of welding process, the heat affected
zone has a different hardness value from the base
metal. The hardness test starts from the base
metal, to the heat affected zone, and then to the
weld metal, by using the spray transfer MAG
welding process. At 0-5 mm and 50-55 mm is the

base metal, where the hardness value is the

same as the original shaft because it is not
affected by the heat. At 5-20 mm and 35-50 mm
is the heat affected zone. On the other hand, the
weld metal at 20-35 mm has the varied hardness

values, as shown in figure 9.

.
T
! 19 ¢ _,_ linel
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Figure 9 Hardness values of the shaft at the
weld metal, heat affected zone, and

base metal.

Discussions

From the obtained experimental data, it can be
seen that the use of x111-T5-K4 electrode is
appropriate for metal spraying AISI 4140 shaft,
since the sprayed surface has similar hardness
value to the base metal. In addition, it is found
that the microstructure at the sprayed area has
the spiky weaving ferrite structure, which
promotes the high strength at the welded level.
From the above data, it can be concluded that the
x111-T5-K4 electrode [16-17] can be used for
metal spraying the propeller shaft, to prolong its

service life.
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Abstract

After a propeller shaft was damaged from chloride in sea water, it has been fixed by MAG welding
process with flux cored wire. Its service life after welded depends on the corrosion resistance of the
weld metal. This research aimed to compare the corrosion resistance of two different weld metals
between X111-T5-K4 and E71T-1CH8/T/9M-D flux core wire. The test specimens were prepared
according to the ASTM G1- 103 standard and tested by salt spray test, conforming to the ASTM B 117
standard. The result of the test showed that the corrosion rate of the weld metal using X111-T5-K4 flux
cored wire is lower than the weld metal of E71T-1CH8/T/9M-D flux cored wire, which was 0.21 and 0.32
mm?/hr., respectively. The mass loss at 24 hours of E71T-1CH8/T/9M-D, X111-T5-Kd flux core wire were
0.32 and 0.48 grams, respectively. Therefore, enhancing the service life of propeller shaft from chloride
corrosion should use X111-T5-Kd flux core as weld metal.

Keywords: Propeller Shaft; Corrosion Rate; Flux Core Wire
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Abstract. At present the Cut-stern Kolek Boats of local fishermen at Kaoseng Community on
the Coast of Songkhla Lake have a high rate of shaft failure. Consequently, the fishermen have
spent lots of money on maintenance program of repairing shafts for a few years. Besides, the
repairing cost, each time of the failure also causes water pollution from the leakage of grease. The
incomplete transmission of power leads to engine overloading and fuel wasting. The investigation
of the high failure rate of propeller shafts which were major machine component in power
transmission illustrated the failure in normal fracture caused by the mechanisms of metal fatigue.
Using the welding repair by shield metal arc welding process did not give the satisfied outcome
because it created the short service life of reused propeller shafts after repairing. This research was
aimed to study the metal fatigue behavior of long tail shafts in the Cut-stern Kolek boats and
introduce the new method of welding repair process to prolong their service life. The experiment
revealed that specimens resulted from the new welding repair process and the conventional
one possessed different service life. The new process used the flux core which arc welding can
prolong the service life of the shafts of boats more than 1.6 times of using the conventional
method which is the electric welding by flux core arc welding. The research result will be
extended to fishermen, in order to encourage them to become a part of sustainable inshore fisheries.

Introduction

Most fishermen of artisanal fisheries at Kaoseng Community use the Cut-stern Kolek Boat due to
its low cost, excellent stability, shallow feature which prevented overturn, high mobility, small size
hull and light in weight which requires lesser driving force and fuel. Moreover, it requires only 2-3
people to conduct marine fisheries. However, the failure of the shafts has become the persistent
problem of using the Cut-stern Kolek Boats, which has affected lives and earnings of fishermen due
to the unusable boats. In addition, the failure also causes an inefficient power transmission of the
boat’s mobility which in turn causes fuel wasting and grease leaking. These issues lead to wasteful
expenses and water pollution. According to the data from the site survey, all Cut-stern Kolek Boats
have been encountered with the aforementioned problems. The failure of the shafts has been
categorized into 2 types. The first type that often occurs is in the slight failure category which a shaft
can still be used for a period of time and it will periodically illustrate a warning signal indicating the
deterioration. The second one that produces the severe and immediate failure which averagely
happens twice a year for each boat is the fracture or break off of shafts. When a shatft failed, fishermen
will repair it by a resurfacing or build-up welding, using the Shielded Metal Arc Welding Process
(SMAW). The result on a service life of repaired shafts was dissatisfied. An inappropriate welding
repair shortens shafts’ service life, requiring more frequent maintenance which increases the cost of
fisheries. This research was aimed to analyze the root cause of a propeller shafts’ failure, in order to
assign an appropriate and effective welding repair process [1-10].

Visual inspection of the Propeller Shaft’s cracking surface, the point of crack initiation was
found at the inclined shaft shoulder. The propagation of cracks in the shaft started from the outer
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surface toward the inside, which the circumference of beach marks could be clearly seen. Each
beach mark was somewhat evenly spaced. The cracks propagated to the inside around shaft
shoulders reduced the load bearing area of shaft shoulders, while they were receiving the same
load, resulting in a localized increase in stress. Up to the time that the shaft shoulders are
overloaded, the shaft suddenly failed which leaded to the immediate shaft fractures during
operations. The fracture surface of shafts are quite rough and rugged. The fracture plane is normal
to the axis. According to the information above, it revealed that the failure of shafts was occurred
due to the fatigue mechanism from cyclic torsional loads and flexural loads. The crack initiated
due to the high concentration of stress in that area which normally has a low fatigue strength
lifespan. Eventually, the localized plastic deformation that was influenced by the slip mechanism
occurred. The interesting point is that when cracks started to form, the fatigue mechanism of the
crack propagation had lower fatigue stress which increased the fatigue life after the crack
initiation. Furthermore, by inspecting on the plane of crack, it is possible that flexural loads had
more influence on fractures than torsional loads. However, it is necessary to establish further
investigations by using the stress analysis at the fracture point of shaft shoulders. The maximum
stress was occurred at the shaft shoulder which was the crack start point. By analyzing the crack, it
revealed that the cause was from the boats which was outboard engine with a set of transmission.
The flat four stroke diesel engine that produces 11.5 horsepower continuously at 2400 rounds per
minute. The crankshaft, transmitting power by using double strand roller chain to the propeller
shaft, causes the shaft to bear high torsional loads. Due to the shaft’s inconsistent shape and the
change in the shaft shoulders cross sectional area, it accumulated a high concentration of stress at
the shaft shoulder which made it a weak point and initiated cracks [11-14]. The stress amplitude of
517 MPa that occurs on the shaft shoulder immediately triggers the mechanism of fatigue in the
shaft. According to Fig.1 which illustrates the diagram explaining the failure’s range of Alloy Steels
AISI 4140 used for making shafts, it can be found that their fatigue strengths are 360 MPa. When
the stress intensity exceeds the fatigue strength, the fatigue mechanism will take place and shafts
will have limited service lives. The shafts’ service lives will depend on the intensity of cyclic stress
applied on them.
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Figure 1. The diagram explaining the failure’s range of AISI 4140.
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Experimental procedures

The method of this investigation shown in Fig. 2 prepare specimens by using the C-Channel
alloy steels, weld the specimens in the flat position, form the specimens into shapes by surface
welding, and find the fatigue strength of each specimen by using the rotating beam fatigue testing
machine which complies with ASTM E739-91 standard. In addition. Tested specimens by using
X-ray. Since the number of used fatigue test specimens is only two pieces per one value of
stress, but according to ASTM E 739-91 [15] which uses six test specimens per one value of
stress, so it is essential to check by using Gamma x-ray to get the perfect fatigue test before
testing.

Hardfacing surface Cutting with square - band saw

i

Lathe surface X-ray testing Fatigue testing machine Specimen after test

Figure 2. The method of investigation.

In addition, fatigue testing is a test of fatigue strength with no incision. Since the machine for
fatigue testing has a limitation on weight, which can be test between 5-40 kilograms, the reduction
of specimens’ diameter is needed in order to increase the weight of testing. There are six values of
weight and two test specimens per one weight value. The parameters that required controlling for
using metal active gas welding with the Flux Cored Wire (FCAW) are shown in Table 1. The
controlling parameters were produced in accordance to the life prediction equation of the welded
shaft.

Table 1. The parameters that required controlling for using the MAG Welding with the Flux
Cored Wire, the SMAW Welding with Solid Wire.

Electrode Type C Mn Si P S Mo Ni Cr
Flux Core Wire (wg. %) 0.06 1.45 0.45 0.025 0.025 045 220 0.50
Solid Wire (wg. %) 0.05 1.50 0.40 - - 0.50 2.00 0.40
Welding Electrode Wire Welding  Welding  Welding  Heat
process type diameter current Voltage speed input
FCAW Flux Core 1.2 mm 149 A 21V 150 mm/s  1.00
SMAW Solid Wire 4 mm 145 A 26V 160 mm/s  1.13

Results and Discussion

The result of fatigue testing of specimens from the preparation of weld metal by using Shield
Metal Arc welding process (SMAW), Flux Cored Arc welding process (FCAW), and Alloy
Steels are shown in Table 2.
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Table 2. Values of stress and life cycle that cause damage.

Stress Life Cycle (N)
(MPa) Base Metal SMAW FCAW
300 not fracture not fracture not fracture
350 2,218,940 1,166,063 2,103,993
400 933,429 203,481 800,972
450 587,560 52,474 455,839
500 200,546 86,168 108,765
600 97,632 4,270 44,832
700 13,534 fractured at low-cycle 9.860
200 fractured at low-cycle fractured at low-cycle fractured at low-cycle

Remarks: Stop the testing at 1,000,000 cycles for each specimen; the specimen that can receive
loadings more than 1,000,000 cycles will be reported as not fracture. In addition, the specimen that
fracture before 1,000 cycles will be reported as fractured at low-cycle.

The analyzed cyclic stress (©#) were applied in Eq. 1 to predict the lifetime (NR) of fatigue by
using Basquin’s power law [16-17]. The constants A and B are related to the experiment. By
plotting the service lives against the applied cyclic stresses on shafts. The new method of welding
repair process, the Shield Metal Arc Welding Process was replaced by the MAG welding with the
Flux Cored Wire. This method was selected by the consideration of better mechanical properties

and higher fatigue strength [8]. By using the stress from real loading © = 517 MPa to analyze with
the life prediction equation of each type of weld metals from the data in Eq. 2, it was found that the
Shield Metal Arc Welding Process gave the working cycle of 60,580. Eq. 3 was used for the
MIG/MAG Welding with Flux Cored Wire, which it gave as much as 97,896 working cycles.

o, =AN? (1)

NR _ 1OfmaogaR—log2211862) (2)

NR _ loflzs(logakflog2174384) (3)
Summary

1. By analyzing the cracks appearance on the shafts, it appeared that the failures of the Cut-stern
Kolek Boats were caused by fatigue, which cracks initiated at the shaft shoulder. Moreover, by
applying the mechanical analysis, it confirmed that the shaft shoulder really initiated cracks since it
contained high concentrations of stress. With as much as 517 MPa stress on the shaft shoulder, the
shaft was subjected to the fatigue mechanism. By means of combining the data of material
properties with mechanical properties, a diagram demonstrating the range of failure could be
observed. From the diagram, it could be predicted that the fatigue failure was at high numbers of
cycles and it had the limit service life at full load condition, which has the working cycle of 97,896.

2. By comparing the fatigue life of the welding surface between the two welding processes, it
indicated that the MAG Welding with Flux Cored Wire contributes 37,316 working cycles or 1.6
times higher fatigue life than using the Shield Metal Arc Welding Process.
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Abstract

This research aimed to investigate the wear behaviors of weld surfacing of propeller shaft, by using AISI 4140 alloy
steel, and compared the results obtained by different welding processes: shield metal arc welding process, metal
active gas welding process, and flux core arc welding process. The methods of testing consisted of creating the weld
surfacing and take it to the abrasive wear testing, which the weldings are done normally. From the result, it is found
that the weld metals from those three welding processes have significant differences of abrasive wear resistance
values. The flux core arc welding process produced the highest value of abrasive wear resistance, especially at the
weld metal zone where the highest abrasive wear resistance was attained dominantly. It generated the highest
hardness value of 275 HV. On the other hand, the metal active gas welding process produced the lowest value of
abrasive wear resistance, which it gave the hardness value of 200 HV. At last, it can be concluded that resurfacing
by using flux core arc welding process generates the most applicable result of welding for AISI 4140 alloy steel; as a
result, it will be the guideline of choosing the welding process for resurfacing, in order to use it to prolong the
service life of propeller shaft effectively.
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1. Introduction

Nowadays the repair of the cut-stern Kolek boat’s propeller shaft uses welding repair technique of
resurfacing to build up the surface of worn out parts, by using shield metal arc welding process (SMAW) only. The
result of welding is applicable at some level; however, it cannot be concluded that the welding process is appropriate
for service life extension or new parts substitution. Therefore, the investigation of the suitability of welding repair
process, particularly the selection of resurfacing welding, could result in materials’ service life extension. Under
normal loading condition, resurfacing with the shield metal arc welding process was used. As a result, it is found
that the service life of welded specimens was satisfactory. However, in abnormal loading conditions, such as
overcapacity, misoperation, and accident, it is found that the welded specimens had shorter service life when
compared to the parts that have not been repaired. In addition, the shorter service life of welded specimens was due
to the welding repairs, which the service life is limited by weld metal strength and welding processes [1-8]. From
the data above, it caused researchers to become interested in the investigation on different welding processes, which
in turn will produce different results on specimens’ mechanical properties and metallurgical structures [9-16]. The
wear behaviors from using shield metal arc welding process (SMAW), metal active gas welding process (MAG),
and flux core arc welding process (FCAW) will be investigated. The material that will be used as the test specimens
is AISI 4140 alloy steel. The results of welding experiment will be compared by examining metallurgical structures,
testing the hardness, and investigating the mechanical properties of abrasive wear behaviors at weld metal zone
(WM), heat affected zone (HAZ), and base metal zone (BM). So, the suitable selection of weld surfacing for
material’s welding repairs can be achieved.

2. Experimental procedures
2.1 Welding electrode

The use of hard facing electrode for each welding process was considered from the suitability of their
chemical composition and mechanical properties to the material being welded, as shown in Table 1, 2.

Table 1. Chemical composition of welding Electrode.

Electrode Type C Mn Si P S Mo Ni Cr

X111-T5-K4 (wg. %) 0.06 145 045 0.025 0.025 045 220 0.50

ER110S-G (wg. %) 0.05 1.41 040 0.005 0.015 050 240 0.50

E11018-GH4R (wg. %) 0.05 1.50 0.40 - - 0.5 2.0 040

Table 2. Welding electrodes and parameters

Welding process  Electrode type ~ Wire diameter ~Welding current  Welding Voltage Welding speed ~ Heat input

FCAW X111T5-K4 1.2 mm 140-160 A 21V 150 mm/s 0.94-1.08
MAG ER110S-G 1.2 mm 205-220 A 25V 300 mm/s 0.82-0.88
SMAW E11018-GH4R 4.0 mm 140-145 A 26V 160 mm/s 1.09-1.13
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2.2 Base metal

The weld-test specimens are made from 25x75x40 mm AISI 4140 alloy steel, which is the same material as
the propeller shafts that are used generally. For each welding process, the methods for testing were resurfacing each
specimen by four beads and retained three specimens for each welding process, as shown in Figure 1. After welding,
the specimens were cooled down normally. Then, the test specimens from each welding process were cut
transversely, as shown in Figure 2, for examining their metallurgical structures and testing their mechanical
properties.

AT el A W

Fig. 1. Resurfacing specimen Fig. 2. Cutting of specimen transversely
2.3 Examining metallurgical structure

The analysis of examination results consisted of two parts. The macro structure examination was performed
to inspect the physical characteristics of welding beads. After that, the specimens were taken for examining their
micro structures to compare the characteristics of grain on weld metal zone, heat affected zone, and base metal zone
of each welding process.

2.4 Testing mechanical properties

The analysis of testing results was divided into two parts. Firstly, the Vickers Hardness (HV) test was
carried out to compare the hardness values of each welding process, which test was done on weld metal zone, heat
affected zone, and base metal zone. The test was performed on seven points, as shown in Figure 3.

Fig. 3. Points of hardness test on each specimen
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The second part of the test was the abrasive wear test, which dry sand and rubber wheel were used to create
abrasions on the test specimens, as shown in Figure 4, which conforms to the ASTM G65 standards [17-24]. For
each specimen, the abrasive wear test was performed on weld metal zone, heat affected zone, and base metal zone
for 50 hours per specimen, as shown in Figure 5.

S S,
8

Dry Sand -~ ¢>

O

8

Rubber Wheel

c Specimen
DN 4| SR

Fig. 4. Dry sand/rubber wheel abrasion test Fig. 5. Specimen after abrasive wear test

==
|

3. Results and Discussion
3.1 Results of examining macrostructure

By comparing the physical properties of beads, the formation of welding spatter on specimens, the
characteristics of welding beads, the penetration, the melting between weld metal layer and base metal layer, the
width of heat affected zone, and the imperfection of beads, it is found that the welding scales of SMAW are rough
and knobby. The convexity and excessive weld reinforcement can be seen. Excessive amount of welding spatters
also appears on welding beads. Also, the penetration and melting between weld metal layer and base metal layer are
inconsistence; however, there is completeness between the two layers, as shown in Figure 6 (a).

(a) SMAW (b) MAG (c) FCAW
Fig. 6. Appearance of macro structure

By using MAG, it is found that the welding scales are uniformly smooth. Slight amount of spatters are noticed. The
penetration and melting between weld metal layer and base metal layer are consistence and complete, as shown in
Figure 6 (b). On the other hand, FCAW produced the smoothest welding scales of all. The formation of spatters at
welding beads is greater than that of MAG, but lower than the SMAW. Also, the penetration and melting between
weld metal layer and base metal layer are consistence and complete, as shown in Figure 6 (c). Moreover, the widths

of the heat affected zone of all three welding processes were about the same, and there was not any imperfection of
bead.
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3.2 Results of examining microstructure

From the micro structure examination of weld metal, it is found that the structures resulted from each
welding process are different. By comparing the characteristics and size of grains at weld metal zone and heat
affected zone, it shows that grains of FCAW have finer structures than that of SMAW and MAG, as shown in Figure
7. So, it can be concluded that weld metal zone and heat affected zone of FCAW have hard structures, which can
yield greater wear resistance than that of SMAW and MAG. These results are consistent with hardness test results,
as shown in Figure 8, and abrasive wear test results, as shown in Figure 9. From the results, it reveals that weld
metal zone and heat affected zone of FCAW produce better hardness values and require greater time of abrasive
than that of SMAW and MAG. Moreover, these two zones have higher hardness values than the base metal zone.

(b) MAG (c) FCAW

Fig. 7. Appearance of microstructure of weld metals

On the other hand, MAG and SMAW produce similar results to the FCAW, but they can attain lower

hardness values. Also, it can be concluded that MAG achieves the lowest value of hardness at weld metal zone,
which cause it to have the lowest wear resistance.

3.3 Results of hardness test

The results of hardness test from using the three welding methods gave the trend of hardness values at each
of the seven points, starting from weld metal zone at points 0 to 2, where the hardness value is higher than at heat
affected zone and base metal zone. Furthermore, FCAW produces as much as 213.4 HV, while MAG gave the
lowest value of 174.8 HV. At heat affected zone, from point 3 to 4, all welding processes produce higher hardness
than at base metal zone, but lower than at weld metal zone. Points 5 and 6 are in base metal zone, which all welding
processes produce the lowest hardness values when compared to the other two zones, as shown in Figure 8.

WM ‘ HAZ ‘ BM
300
w"e 0
° [T
B
g 300 < :
2 °.
| °
g ] -0 FCAW
g It ... SMAW
g w0 ° s > S ST —— g .8. MAG
=

] 1 2 3 4 3 6

Distance of test point (mm)

Fig. 8. Result of Vickers Hardness test
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From the examination, it can be seen that after weld metal zone received heat from welding, the structure
becomes harder and the hardness value increases [25-27]. As well, the heat affected zone, which located near base
metal zone, has lower hardness value than weld metal zone; however, the value is greater than at the base metal
zone. All welding processes have the same result.

3.4 Results of abrasive wear test

The comparison of all welding processes revealed that FCAW produces the least mass loss of weld metal
zone. In addition, its” mass loss of heat affected zone and base metal zone is similar to that of SMAW and MAG, as
shown in Figure 9. So, it can be concluded that FCAW can resist more abrasive wear than SMAW and MAG, since
it loses lesser mass. These results conform to results of metallurgical structure examination and results of hardness
test, which they resulted in the direction.

WM HAZ BM
=== FCAW
SMAW
...... MAG
L 9 @ @ ) @ x x x
Time (min)

Fig. 9. Result of abrasive wear test.

Moreover, the results of cumulative wear test of all welding processes show that at weld metal zone, the mass loss is
the smallest when compared with time. At heat affected zone and base metal zone, more mass loss is detected,
respectively. When compare the cumulative mass loss with time, weld metal of FCAW has the least mass loss and
smallest line of slope on the graph, as shown in Figure 10. From the obtained results, it shows that weld metal zone
has better resistance of abrasive wear than heat affected zone and base metal zone; therefore, the time required for
testing is greater than the other zones.

WM HAZ BM

weer ECAW
SMAW
. MAG

Mass loss
G

Fig. 10. Result of cumulative wear test
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4. Conclusion

By Investigating of wear behaviors of weld surfacing on AISI 4140 Alloy Steel obtained by different
welding processes: shield metal arc welding process, metal inert gas and metal active gas welding process, and flux
core arc welding process; and discussing on results by comparing metallurgical structures, the hardness, and the
abrasive wear behaviors of all welding processes, the results from this experiment will be beneficial for choosing the
suitable welding process for resurfacing AISI 4140 Alloy Steel. Also, the research is appropriate for general people
who chose resurfacing as their welding repair technique or considered by current state of work. The results can be
concluded as follows.

4.1 The results of examining macro structure show that the appearance of beads, the penetration, the
melting of weld metal and base metal of all three welding processes are complete. For micro structure, the grains of
weld metal obtained by FCAW have harder and finer structures than that of SMAW and MAG. Moreover, weld
metal zones of all welding processes has finer structures than heat affected zones and base metal zones.

4.2 For Vickers Hardness test, the FCAW produces greater hardness value of weld metal zone than that of
SMAW and MAG. The hardness of heat affected zones of all three welding processes has lesser values than weld
metal zones, but greater than base metal zones.

4.3 When comparing all welding processes on their results of abrasive wear test, weld metal zone of
FCAW can resist more wearing than that of SMAW and MAG. Also, heat affected zones of all three welding
processes got lower wear resistance than weld metal zones, but greater than base metal zones.
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