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Abstract

This research is a study of investigation of proper welding hardfacing for
wear protection and life extending of Mn steel coal crusher using shielded metal arc
welding (SMAW) process. The manganese steel for double roll crusher, welding
hardfacing in normal atmosphere and controlled atmosphere were studied. In addition,
hardfaced sample before and after work hardening was also investicated by
macro/micro structure, hardness test and abrasive wear resistance test. The samples
were hardfaced by varies condition such as buffer layer, build up layer and hardfacing
layer.

For High manganese steel welding procedure, austenitic stainless steel,
austenitic manganese-chromium and martensitic hardfacing electrodes were selected
as buffer, build-up and hardfacing, respectively. Twelve types of welding procedures
were investigated. Results obtained after work hardening showed that, samples with 1
and 2 build-up layers, samples welded in air revealed more crack in the heat affected
zone (HAZ) compared with sample welded in controlled atmosphere. However,
samples with 3 build-up layers indicated cracks (after work hardening) only samples
welded in air. No crack observed in the HAZ of samples welded in controlled
atmosphere. For abrasive wear resistant test, sample with buffer, 3 layers build-up and
2 layers hardfacing (welded in controlled atmosphere) showed lowest weight loss. The
advice procedure is welding by controlled atmosphere in order to reduce cracks in
HAZ after work hardening. Recommended welding repair for front area of the crusher
is with Austenitic manganese chromium electrode. For other areas should be welded
with 1 buffer layer, 3 build-up layers and 2 hardfacing layers with controlled

atmosphere.
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D.

4
s a v ¢

¥ WSAURLALAARUDR MsadIkUaNUasY (Contaminate) N hiABINSENTNLTUNTY

YUY

YUAVDINITANNTD

WIBIINNNSANTITD LANWAULWANANAUAINNALANITIAN FIF1U150 UITEA
ARGV ERIGLED!

1. MIANNIBLUULELAE (Abrasive wear)
2. nmsannsay (Erosion)
3. NMsanunsewvulansdudalane (Metal to metal contact wear)

4. NMSANUTBAINAIIATLLNA (Impact wear)



n1sdnuseuvuidend WunisdnuseMiAnainingiiudanin (Abrasive
particle) idouiuuulnasuiidninguils aeldnnse (Load) MliAa nsyata Tag la
vi3o loa WunalidoYaavaeme Huvaw o1 Faudunstisn 55-60 % vesnisdigaan
NSANNTONNLUY

dlel v idugasuSunasmsgaymevesiletanseviioniueivenislos

ld' o U
M3eNnsein lagian

AULDIUDIRITRG

L
W
H
K AnduUsEansnsanse (Wear coefficient)

winvasnisanusauuuidend anunsaudsuialdsed
n. MsdnNusBlUUASA (Gouging abrasion)

9. MIEIAFAILALIN (Low stress abrasion)

A. NsdeAdAILALES (High stress abrasion)

[

n1sanusauuuaga Wunisduda 2 Tng \inainyu veu wseauvesian
(Rouddlvg) Mwlaninadiouiingn In ulIvELIIY MensENguiigafiinnsyndnd
ALLALEY U Tuge Huue uli waeiueny Judu nsdinsdnvsevesitulidmiewiung

Winnsdnusesglunduvainsidunduuninguil 1.6

RS Rock
" \/" /

5UN 1.6 M3dnuseuvuagavesiiuliiasodliiaiuiv [1]



nsideadadnudun 1inandngindeuniiiuianuasyuvisevay AL 109
ingAse U0 In WiileTandes raanigetnadng dnsinsgadeiiieduegiu ansnis

Y

WAOUN LARTUAUTIAIS nTzUzIausInn Jeisadnnaneidn Jugansie wasvioddes

n318 \Judiu wansdsgud 1.7

JUN 1.7 N15lauuudassuasiuauidnnsskuuaduAue

nsidendauAugs
n1sdudE 2 09 nAINLY YeU wEBANYRITER UIALENY udeninAfiou

al a a qy kY kY 1 £ = a v @) 1%
N AR UA 15] UUNIVNYUINUAIYAIIULAUNA bYU B\Iu\‘iﬂ\?ﬂ Tuiinsu Tunae Wumu

Three body contact Two body contact

UM 1.8 nsinNsdendANAUE

N1SFUNENTAIAUTENIINNEN LARINWANRUBANIZIAEILaEN TngUUIA

< as - T < % v oaa i |
W9 (Asauef) 1w u lanse wazndlany 1Wusiu Ndvuialaniigesing (Clearance) ves

(%

Fudruieonuuuld vielanitAumunvesilauaisnaedu (Lubrication film thickness) Tng



wlanyasumaty indeuilunsiausenitnsauloaveida Mliiinns ya In age

fuisauesnglinuAugs agviilinauAuan1zan gunneagyinli inan1suen

9 Y

aalamzalasanIz I MUTE 1 UShasesda usialese yeiuman anguiuidegu

9
(3

P39NTISYNNUBUULLUA U LASDIUAUDANAR LALLATBIUALUUKELLIBSHAR

(%

SUN 1.9 BuNUNanmIsluuNsidenaALAuge

1.2.2 NS YDUNDNLT
A < A Yo A ) Ao < |
nsWeunenudefe N1sUsEynalditn1swenianiilninuudaas nuniuse
N5ANUTD ATUUTUAIUNABINTT LiaTdudIufenalinudunusenisgaLdeiile agi
LWalarevesiuaiuAInIansnamuliiinn1s3nnse 3nNaYeINS I UNYNlmAAN1SENse

WY ANSANVIDIINANSEYNE NITANNTOLUUBURAR WALANSANWIDIINAISATLENN [2]

o ¢ = <

INUILHIAVIINITLYDUNDNUYS

1) e ATUNULAMUAUNIUABNISANNATD

2) wietinergmsidauvestudiu anAldinglunisingesnm

3) eyl duuSiunannse FeeauliusSIUMINaENNTORNUUSIIUN
o % dl 1Y =3
dney Nlispsnslidnise

4) yibguausUTwazaalnd g uIInRNLN TR

[

5) SnwguditdrAgyresssuuliielissuulngiasaninegla

o

6) @150 Fou U1ssSnwduaunanusaledie vinlanniinau

q

7) ihlviuseansameessyuy Tudnsuds AuAmaAsygaans



1.2.3 Tanzangrvaaiialanewanuds

TanzINgkuLIay

a

lunszuiunsided innsvaeuavaeusIMLIURBNaYaNy Fallgumnll

)

a

89 1600 °C UShinuwansenuiou (Heat affected Zone, HAZ) azilgaungil 1100-1500 °C i

Y

Tilassasimnagania wWasuannduniduey wu wuesunulyd wiisladuazineslsd

(Pearlite and ferrite) wulug (Bainite) Wasudusoamulust (Austenite) Hvunnvaansuls

U (Grain growth) AuSouazgnatewegesngy iliuaswduuimuled (Martensite)

s wulud Faaudfiniana 10dlAseasnamniaganiafang Jaudfunnaneiu Wy Ay

WTITIATIN AINLTILTIUTZEBRAT AUMTEET AINLTY N15ABAIUNNTEN ALLDIgegai

LARTUUSIUNANTENUINNANUSOU [3]

Peak ipmperatwn, T,

(G0 so-rass b

e Hit 1 - i sl ] TONE —f

——p— g i ——

Graingrowth e

£

Raseryitalinad saf
iFini-gridn Bomh

— v — — — | T——

— i ——

——— __F!m'u% Locuid
g —

o TifigSs il i @,
5 |%F)

5

VT

By

5UN 1.10 dnwaura19quInMNansenuduilownanauseu [3]

‘Lumaﬁﬁimaa%ﬁaﬁ;aﬂwﬂu wwlast (HV,,) wwulusi (HVg) @9 Bailey [3] 161

wansluguvesruduiuseail

HV,, = 802C + 305

Mn Cu Cr

Si
HV; =350(c+—+—+—+

11 8

9

5

Ni
17

Mo
6

3

(1.2)

14
+—+—+—)+101 (13)



Wefingrinideanisuaninuasiden Usunaasveuiisuwin Jaazilud
LAnIANEINNTa U ToN (Weldability) ¥8a3an UaghanInINaINITaluNISYURTIveT
Jan (Hardenability) Feaziludaiivun aaumgiinisgudusunaulaznauden a01dunis

WouTEnI19UTELNA (The International Institute of Welding) lafuunaaun1suTuw

v
v

ANSUBU B UWININEIURENN AT LA Rat]

CE _C+Mn+Ni+Cu+Cr+Mo+V (1.4)
nw-= 6 15 15 5 5 ' 5 '

(%
[V

MU veuiieuwil (CE) aunsamvungumgisuuula sil
- CE < 0.45 preheat 100 °C

- CE = 0.45-0.60 preheat 100-250 °C

- CE = 0.6-0.8 preheat 250-300 °C

- CE > 0.8 preheat 300-350 °C

[ 1
a o] =

TangIneiloounanuas
tHasefiinaseaudRnuAIuNIUNISANNSoVeINSIaunanwdTiatadade
' a ay v = | ~Ne v < ) e v =
iy yiavesnalinuuls sUsaveulanlinuuds n1snsengivesnanlinmuls
ANLNTY wazaudAnuAIuNIuAITiUdeusy (Strain hardening) vedlaTeasieiugiu

(Matrix) 1Jusu

NTEUIUNSOUNITENTUNI T DUNDN LT ITNA18NTZUIUNITAEAY LU

4

N Y A v YA N a 44' a N Y =~ Y
miL‘UEJaJm&Jmm%mmeaﬂ% ANTLYDUUN/LUA ATLIDUNA ﬂqiLGU@NWQEJaQ@L%@Niawaﬂ‘U

a [ 1 [y

LazNsLoulANand FawsiaznszuiIun13iynngen eus1siuly NSideNNTEUIUNITTONT

9

a dl'

winzauduegiunatelademeiu 1wy Uszdnsnimnisiden (Welding efficiency) n13138

[ il
A IS

= a a 13 a = - <
eYBdHalTaULaEIIAAIATeN tnanuSunaAsUsuLasUSHalasdenluatnen 1y

[

JaduddNinasnonuldwsiseudiou aaweulasiilungs (Crrich electrode) Wuain

o

Weuninsldauegraniiewine dineldgann lagasludaniadunendinsenssyiy
WLaNUANSNUNISENUTD BAVIASIUANLNARaUTRANITNUNITENNTD UINaIALTaUI]
ANUNANYD ALY, TWAUATY ward el AazdleiaudAnun1sannse uanaini ans

luswiin (M;Cs) Adaetasiunmsiianisanuselan [7]
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%

|
12} [
|

@4 Maly+ gr |

L

Weight Percent Carbon

i i
Fi 10 % 20 0 [T T a0 Ta 8 . %
Waight Percent Chromium (cr}

JUN 1.11 widlpezunsuvesnanlasfen-asueu (Fe-Cr-C)

n1sdnuseuuuLdgndvsedagiilosninainuiaumi a1unsaldadneuviia
wianlasifleuld Wesaindauwdsge udlunsdiisumnuiuas n3esuusinszwnneig ain
Wanvsdamanlasiloyasdantfilse Feasvilinideuwnn audfnunisanusensuainu
Y P ' v wa < a A Y oa A D, 9 o a ~
wugs Jelilanunsaldiamzandfinnuudweiiaudeuls Hudenavdedllassasimanimiles
wazdinanfauudegeunsned wu adnlounlmassairadumislud (Primary carbide)

uwnsnaglulassadrsesamulud-aslud ewadia Wudu [5,6]

P P2
ANSLABNA2ALYBN
1. MSLaenauURvYRIaInLYaNTaINY (Buffer)

A 4’{’ 1 A @ o I~ 1 A d’lj [
n1sdeusesiunoumsaNnenudidaudndy wu lunsdiiiiedangiu

(Base metal) hazilonaniindalautAnuandaiuunn 9nvadaynliAnn1susnnsani1sen

' [ ¥
a = 1 o A = v =

Andlufszrinstuilolaneiiunazdunanuds aaudsdeadituseninanat Wevieuddaym

196U nann1sNIsiaenaInldausesiiu laglafnwia1nauidenns q Wwueuide (71 1a
asUindmsunsideunenfudaninndunniiags avndousosiuiiuuzi 1wy wanndn
lasiflen-infaseamnisa 1Wudu uenaniliena1sensdeann [8] lwasuiaindeulunse)a

F188 Mn R26 fimnuminzadldiduaindausasiiu wasanliaud@imiaiwngaseninatu

=

HOUAIMTUNITIUDUNDNRAILTY UDNANUUTIA1UNIUNISLAN (Crack resistance) NRNIN

AIUNEINNTITeUaE wurtvewnas ausaasy Fsnsdndulalunisifenyiinvesadn

1Y

Wausosnulasall
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(1) dunaumaniiavlasasiganianuvesiangu

(2) dhunanmaniuaglasiaiiganiavesanideusosiy

(3) madhifuldvedlasiairsganias Tangiusasdusesiu Fudlodouuda
Tnssadraiildvostusesiiudadldiinnisuanidu (Cold cracking) malassadrdluismiass

lnozunsy (Schaeffler diagram) fagudi 1.12

30 : : '
\ L~
- .
i ‘ % // 1
24 1 (A} Austenite »@S"c / //
: - \ QB&‘\ !o\o - -
\E&’ 20 /,\@\"/
AN A 7
g 18 \ - / /l’ {;’Qo\u - /
S 18 ~—~f\f\(A)+(M) \\ 4 " r/ ,
T N 7 /"‘O/I/_ —
% 12 \ _\ // / %|Q°J° /
+ L~
g 10 \ >/</(A)+(F)
‘;EL 8 (M) Martensite \\ VAl — JotFle — ]
£ s v Ao (W o L) T
g 4 f F) ‘|/ \( >/
2 . o E | ")
2 e
o I\ -

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Gr equivalent = %Cr + %Mo + 1.5 x %Si + 0.5 x % Nb (Cb)

U 1.12 wlhaeslaezunsy [7)

(8) audfRveadusosiiudesanmisanudonisifanisnssunniidunonudsls
loglyifinsuansnvagldanu

(5) Fusesiiudiosiumunisuaniinuazinumieigs flavaunsovgasos
$midinduuuiowenuds (allseesluiitang ) 16

(6) Faarnenans udTesquusilfdenatadenfiilasaisooamilie
ﬁamymﬁ (Fully austenitic) neududusuusn

(7 ludruveandnndiuusniiags nsidendusesiiuliddafisfisly
drunauvesusndalufusesiiu fasdinindeans Oilute) sewindlanzg uasiodonds

2AAnlATIas19Aslua visalAnlassasranvinlmannisuanidule
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& wa a <
2. NM31aeNaNURAUDIAIALTONNDNULTS
% = d' I ) A [ 1 1 1%
nannsidenaineunanuds lnemiluaindeunanuleauisanuangy fa
fegraneduad 1w

n. NAUIANNAWEN 14 % wuen dla (18 % Mn ) TaudRmilemusazeaninse
WnANULdslanusansaInsEunn

9, WinudRnmemulasudmusonsinssunnagn1sing andonlungy
Ko o s A a A o Y a & & s aa
LS TusukarsNaNTigsne Ny lilassasesiane nudadunsmudin Tuanin

[ a A Y o/ s aa P & A
MenaInseNduiilueInia 1asaasiunsimudanlirinuudanas
! = & va = 1 Y ya 1

A. naulasieunslue daudfudaazisznuion1stnglad dn1sudane
WouNoNRILTIRULIRTEIU DIN 8555 [9] mudnuwaizngulans (Alloy group) 8nfaag19ud
&Y LU

Tangngu 6 Ismuanu1nnin 5% Cr uazdl Asusugs (WUssun 0.2 to
2.0%) [Alloyed with more than 5% Cr, with a higher C content (About 0.2 to 2.0%).]
AMNLTeEiALnNNIT 500 HB LHeltouaziinnisudeainnisidudaluenie (Air-hardening)
nquillndiesiv (n3eidunquifeniu) nquansinudinuaudinisuauas (Low alloy, high
carbon —martensitic) Fadlaunnnzauiunistaguaniunisnszunn (Abrasion and
impact)

Tanzngu 7 ddrunauunanidadszuna 11-18 % waiaunanudaiiaiy
winngauiududiulasy Work hardening lagusanseunnnsegnyu (Pressure or
hammering) A1AuLdsanunsadululaain 180 HB auds 550 HB \Hudu egrslsAniuiile
Wouldfiauwmngauiunseianising (Abrasion) agnaLfe?

Tangngy 10 LU0 YouTAIUNANVRIAISUBY 2-7 % WasdldIUNaNYD Y
TnsilenautisUszanm 40 % felutloweniadlasdlounsludiegluioveundnesaniifn
-&J dll | éjd v Yal
Weweulunquillianuanunsalunisnunistaglasuin

INMITIUTNWITeAEITemeITasUITMsdndulalarall

(1) aNwULNITINIUTDITUAIU

(2) anwaEN1TANNTD

(3) dunaumaeiiavlasiananiavesiloninidon

(@) Anuudeanlandsainnisiden

(5) mainiulsvesdlassasrallononuds uarlaseaswestuasiaile

Y a Y < [ A a = a = o

FeanwurarunagliidusnvugnuiiiansdnnssuuuidunduarSulss

N3EUNN aIALTONNINTFIU DING5S5E 6-UM-60 Juaindouiilddnsuiaggiuiniu
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wiannawsnida wazimngdmiunistdauludnvasd lnelinswuziihimndesnisadng
LOLNBLLAIUVUIYDIT UG AITANAIUAIALYBNNINTFIU DINS555:E 7-UM-250-

KP Tnensifounenudeliuaisifenlifudestuniugloainidey

o & A
N15139319v99KaLUa
Tunszuiunsitsuniinisrasuaratgsiunuuawialansiiauwasiiiolany

a

Ay aznuinaudiveaielanviiendily fauUAasuuladiuann autivesainidouiinig
ANARMVILANY faiiAnanmsuaosaraerautusywimaidonuanilolaneidy eaudhi
18l 9zumnenemn anaieunaziielavieiiy wadunaumaail wazautiniana
nMsideanwenilodey Hunansenuddfivzanaut@nismunsdnvseves
Adeuluduusn 1lesminmsdenwenieiden v‘iﬂﬁimqa%ﬁa@ammaaﬁaL%@@JLU%WM

° o a A I3 | = & A a A 1Y
"\]’]U’JUSUUGUENN']lejauﬂﬁ]gslnﬁlamﬁiy)ﬁ’] ﬂ']iLf\]E]"\]'NsU@QLU'PJLGU@NGUENN?LGUE)MVLW

1.2.4 NINAHDUNITENTD
nageulagldialomagaun15annse (A dry sand rubber wheel machine)
MINNINTFIU ASTM G65 FFUNUNAADUILIFLAFTENINMTIBTHIUIA 50-70 Wy fudesns

Ta3un 1.13 Tnensredldnaaeudeoniiniseuiioamall 150 ssrngaidea uvian 1 9alus

Y 9

' '
v a 1 =

v | v & A v ° g v = Yo
wanUaseliiudiNaunnivies naunazinluneasy nenneildneagaume 19omnsin1stou

9 Y
v

V318 250 nFusaud unidnveageu 13.5 Alansu dee1emyusieninuidy 200 souRowdl
naaouaulaszaene lun1sidend 4000 Luns anuuIwvdiminimeluvesduiu

nagau [10]

L& (]|
Py %
rfﬁ“'}} Weight
I'I'-I::;:;_-:"_F-:T:' rtest sample

Hubber Iined wihaal

JUN 1.13 lneunsuasesilonadounsdnnsen1usnnsgiu ASTM G65
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1.2.5 WMANNAIMUNITENNTD (Wear resistance steels)

Tnenalumanifinanuudsgs nunisdnuse dnasnudeusinszunnlatos

1 a o

ANBUZIIUVIIREN 1Y N1TUALINIENIsEoeiu Snludediaudfivudenisdnvse uwas
a1unsasunsanszunnly Smdnvatewiaigniiunldeu wu wmanndmaulasideugs
widnvaenaulasden Tuauaty wdnndwanuusntagadudu
wanndwauuuinidagdenldlusuinunis@nnsenazSunsinszunn
= [ 2 Ao =~ [ a ~ & P
Wesnniluwmaniiil usenflanausgluusuiugs (11-14 % Mn) lagussnifladusignd
answalunisinwatvsninvesesamuluinAoutagunss wawdandaauisasiudaiu
Asuaulinslud (Mn,Q) wasiluwilduduegmuveuinsu Mlmusizunnity daduniend

a

| < ) a ~ v ° A v ~ & o A
nsviae wannduandagdsienhlveuyuiveliuusnidaansludaatediigamgil 1000-
1100 °C Fawandanslunazanslanluaamulug waziilatunvinlidusagiasiasinae

¥ ° Yy & aa Y fa 1 A ~ A v & av ve
nsguin agvibilmmannilassaiveeamuludiliatiosigamgiives laewmanaladiaiy
witlen dauwdesn (aiu 200 HB) neundudiothluldnuludneusnlasunsinseunnvinla

& a X Y da a o s ¢ =& <
ANULdaiinTY laglassadieniiviguanesanuludluiduinsinuled dalanundeas
(400-500 HB) vinlvinusion1sdnusaldd lnsiwinnanauuunidagslimunzagldauly
anuauzililaSuusenszunngme (M1nd1 680 3a) viseldaungaumiigs (350-500 °C) e

a a L2
LNANITHNASNBUYBILIINTaAS LU [11]

LAit-hardening ]
steel

Hardness, HRC

3 12 16 20

MNumber of blows

sUN 1.14 MAARSP AL weAnENNAT 1.17C-12.8MN-0.465i
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1.3 nuidefiieadas

Mudseann [10] Fslidnmnsiindsnesmnuiveniedeunenuden
awilfinuusnila 3 vila Ao

1. druuszneuninadvialuniei3endn Ordinary austenitic manganese
(0.7-1.0 % C, 14 % Mn)

2. dwlsznaumaaiiviausanlagevseisenda Rich austenitic manganese
(0.9-1.1 % C, over 20 % Mn, 5 % Cr)

3. drulsznauniaaligdatusnida-lasiienniotsendn Austenitic
manganese-chrome (0.3-0.5 % C, 15 % Mn, 15 % Cr)

Tneglddminannszunn (Drop weight test) Tngldndsaundsas 115 fr-lb
(156 J) nan1s@nwiwansliiuindiulsznouniaaivinuuaniilags (Rich austenitic
manganese) WazduusgnoumaAiivliauiania-lasiden uanenuaUunIUien1syUsa

g4 (High resistance to indentation)

!
=2

NW3Ten [12] FleAnw1Auwls wagArAudiuUNIsEnro vaman
pausnilags deuuagndinisifaendnnuis nansinu@lifiuin Aeruudomdanis
Bsaensanuiiaiiangeniiunn wu neunisiisrensmnuisiinnuudsuszanm 240-260 HV
wivdansdsaimauisasdaUssuin 400 HV daudnisgayideide (Weight loss) 109

ASNAABUNITANUNIUNNSANNTBIALNALA-ATY

1.4 TngUsTaeAvasnuiY
1. tievnfandounenudeivngaudmiuilulimdnndusnisia
2. feRnwnssuisnsdeunenudeilulimannduusniia
3. WfielUSeuiisunnuannsalunisiuiunsanuseve unanauusniia

'
a0

ANIUN T oUNDNLTS

1.5 Y2ULlIN9IUIY
Tassnsideiviinisfinwnisnisideunenuiaiedesiudnusovesiluly
=3 v a gj A . A o [ g
LAGNNATLNINIUA A1UTUADUNITLITDN (Welding procedure) NATMUA ARII1NUU
insAinwmulangdngnienlssuiisutaunnanemidlasiasnmania wavludunaugae

ﬁwmimaaumm,t,%a LAZANNATUNIUABNITANNTD



1.6 Uselgvivaaauivg

1. lifagildlunisweunanudandnnduusnidaimunzay

a

2. l9ns5uAsSnsinunenLlnanfosasmunay a

3. lonsnsuarguwuunsung

L4

Y

[ a

INWYIN

]

WFDUNDNLDUNANNALLINITE

16

PSUMANNALLUIN T
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ASn1saniiulasanisive

2.1 Jaguazaunsallunisaniuauive
2.1.1 manndn 13 % wnsmdafildainnisnde deglunguindnndmangs 3
sunszuaunsouyulni Tnefiduusznoumaaivazainnuuds wanduniauan n
2.1.2 sandeuililunadouddhotu 3 ia il
(1) madoudmiunssuAinsidenlnivdhsaindeniundnd Alddwmiu
Heudusosiiu Tagldaamdouniuungiu DINS5S6: E 188 Mn R26 wuriAusnatsuun 4.0
fiadims JeseaziBenduq wandunauan n
(2) mmdoudmiunssudsmsidenlnindhsaindensundnd Alddmiu
Foutuasaide Tnsldaindouniuungiu DINSS5S: E 7-UM-250-KP WHURNANENA19YUIA
4.0 fiadiuns Fewandendun wanddunarun n
(3) mamdoudmiunssudsmsidenlnindhsaindenundnd Alddmiu
\deutdunonuds TngldamiBonniuunsgiu DINSS5S: E 6-UM-60 idusgudnatsuuia 4.0
fiadiuns Fawazdundug wandunianuin n
2.1.3 w3aadiaudussuuduniesines 8% Fronius i;u TransPuls Synegic 4000
wanadaguil 2.1 muaufudsnadeusmelulasluseawoiuazsenuiiveandeaion
USuiudslalagnsannnineeveandeaden wazdiannsadeusefunouiinneiiiie

mvaudUsTumMsgenkartuinAfwlslunswey Fasvasdenduy wandlun1anuan.

UM 2.1 1ATeudey
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214 gunsalinguugil (Thermocouple type K) S0 Picolog 1Hd m¥uTn

g vestuUluIEnINNTMAREY LanIRagu 2.2

Ut 2.2 wesluduida

2.1.5 ndasqanssauililunsiinseilassasianandansingt 1 2 vliafe
(1) ndosqanssmuikuulduas (Optical microscope) IR IUATG 4-28

Wi 8vie Olympus uansisgun 2.3

JUT 2.3 ndesganssminuulduas IMaswenenaud 4-28 i
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(2) napsganssanuulduas (Optical microscope) IMAUEEATLA 25-500

Wi 898 Olympus Uanasiagun 2.4

JUN 2.4 ndesganssminuulduas IMasenenaws 25-500 i

a < & = < [y [ @
2.1.6 1ATDINATBUAIMULYY LUULATDINAFDUAINULTITEAUNNAIA INATAITULUS

wuuldanes (Vickers) Winalugulsdiagu 136° amnsauiuusanalasaus 3-100 kef. Aagy

#i25

JUN 2.5 1A30IVAARUAIILLDS
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2.1.7 \ATDIMNAFDUNITANNTD Uazns18UUIn 212-300 LulASIUNs A1uuInsgIu
ASTM G65 Ae3un 2.6 laglddnanisivavewmsie 250 nFusewndl umtiniinseyideduiu
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(2) nsgmwnsng (SiC paper)
(3) whiudnvain (Polish pad)
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(8) nesiily (Vernier)
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(12) adu (Driller)
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(16) TUsKNIY Image J
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1. wménndn 13 % wuenils

fnoglungumdnndmaus Seiuniseuiigungfi 1100 °C Mnduiaily
shunszuaunsguudsfaed fannuuda 230 Hy Tneflassadradusoamuluyt waed
usmilaansludnszaesegauveuinsy dnnduusmiadleldfuussnszunnaziinisa

g15AAUT TAunde 450 HV

A1519% N.1 AIUNAUNIUATIVOUNANNAT 13 % wuaniila (% umiin)

C Si Mn Ni Cr Mo S P Fe

1.0810 | 0.8545 | 13.5082 | 0.3341 | 2.0643 | 0.0517 | 0.0065 | 0.0702 | Balance

2. alndoutuseasiiu
T%ammummgw DIN 8556: E 18 8 Mn R 26 (AWS A5.4-92: E 307-16)

£%

Julanzlunguininndiaundeudussgs (High strength alloyed steel) adnLtauuiinil
[ a t% v & a § o [y N A a | [ = oAl
Juandeniudndviinglnddmsueulansdinnuwandieiu dannuwnsafimangluns

dll J Aa < v & I3 £ Y < 1 =
L“UEJ?LILL'Vliﬂﬂa']ﬁigﬁ']']ﬂaﬂm/lllﬂfﬂllLLGUQQQﬂUGUUW@ﬂLLGUQ ﬂ']ll’]iﬂﬁﬂﬂ‘i/ﬂﬂﬂ'ﬁl,mﬂ‘lfﬂLUu@S’N@

¥ =

nugamgilaasdis 850 °C uarliiinnsidsunlasand@noumaiianis -10 °C feun1sivey

Y

)
gfsauaIndemulian 2 Tus figamall 200 °C aunsaideulavianszuanss (DC+) way

nszuaaay (AC) lngadnigenvunaLdusugudnans 4.0 fadiuns asldnseuaen 110-140

waLUs

3. alauauvuds1aile

Tdandoun1uu1nTgIu DIN 8555: E 7-UM-250-KP g funisldeulu

Fudunlasuanudugaaziinnisnsenn Useneviviimaduadiiniu anweuviaiiiney
Tunquindnnduusniia ausafouasvuminuuanifaninnuudegeld munsduauy
ulaiguulumiles uaslssmudiuud Duiu Massadeeamulud Weoswindnisiiusie
lasifley Frglunisanusadaniuwaziuniunisinniauy inaiAsnsaAude Lazady
! < [ d" a1 v o acs s N
wn39ge IneAauudvaeinsigendAussana 260 HB uaznain1sviisaesamuis Ay

)=

uisazgatuia 550 HB esideulufiifigumaisn audouresundonseliiu 250 °C
ndsnadeumeiilitunubusogunnd ffutununsedlugish wagliiameind
T douwiniuluaiui deunisidendesevarndemduinan 2 $alus figungi 300 °C
annsndouldianszianss (DC+) uaznszuaadu (AO) Tnsmmdonuwimduriugudnans

4.0 Jaduns AISIINTELadan 120-190 wauwls
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TdaaLioun1uu1935511 DIN 8555: E 6-UM-60 tanziunistdiudunen

< 2 g v Y o a a a X Y = ]
LLTQIU%U&QUWI%QWULL&?NﬂqiLaﬂﬂﬁLLaSﬂqiﬂizLLVlﬂ LNAUU IG’]EJLQW']zﬂWUVl'N@I']‘UL‘VTlI@QLL?

TA8ANPNULTUBINITIToUNDNWTY 1 TU TA1 24 HRC Wauwanwda 2 Ju A1 45 HRC way

Founenuda 3 Fu @A 56-58 HRC rounsiouasdeaguineu (Preheating) 250-350 °C

wazauadnloulunan 2 lus fieamnd 300 °C Tunisilounenuds 3-¢ ualsiinisie

selaneNianundaridudusesiu ausaeulainsewanss (DC+) waznseunaadu (AC)

lngainenvaduruaugnNans 4.0 fadwns Asldnsewaton 130-170 wouuys

AN519% .2 dunELYNLATveIaAETeN DIN 8556: FE 18 8 Mn R 26

C Si Mn Cr Ni Mo Fe
0.11 1.2 4.2 19.2 8.5 0.7 Balance
A151991 N.3 drunaumaATvesesanaiion DINS555: E 7-UM-250-KP
C Si Mn Cr Mo Nb Fe
0.6 0.8 16.5 13.5 - - Balance
(5]’]5'1\117% n.4 EﬁI’JUB\IﬁlI‘Vl’NLﬂﬁﬂ@ﬂﬂ@\‘iﬁﬁ]@ﬁ@ﬂ DIN 8555: E 6-UM-60
C Si Mn Cr Mo Nb Fe
0.5 0.8 1.3 7 1.3 0.5 Balance
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Lﬂ"fa«%au Fronius i;u TransPuls Synergic 4000

UM 2.1 1n38atey

Technical data

Main voltage

Mains fuse slow

Primary continuous current (100% d.c.)
Efficiency

Welding current range (continuous)

Welding current at 10 min./40 °C 35% d.c.

10 min./40 °C 35% d.c.
10 min./40 °C 35% d.c.

Open-circuit voltage
Operating voltage
Dimension /w/h mm

Weight

3x400 V
35A

10.3 kVA
89%
3-400 A
400 A
350 A
250 A
0V
14.2-34 V
625/290/480
37 kg
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néasganssaduuulduas SZX7 Specification

B 5ZX7 specifications

69

Item

Specifications

Zoom microscope body
SZX-2B7

Zoom drive: Horizontal knob system
Click stop for each zoom magnification: ON-OFF swilching possible

Zoom ratio values: 7:1 [0.8x 1o 5.4)
Zoom magnification indication: 0.8,

1,125,162 25 32,4556

Objective mounting: Screw mounting into thread

Lead-free

Aperture iris diaphragm control: The AS unit (S2X-A5) is mountable

Observation tube
SZX-Bl45

SZX-T8I
SZX2-TR30
§2%2-TR30PT

SZX-Bl45

SIX-TBI

SZX2-TR30

SZX2-TR30PT

Binocular tube
View inclination angle 45°

Tilting binocular tube
View tilling angle 5° to 45°

Trinocular tube

View inclination angle 30°
Light path selection: 2 steps
{Binocular 100%,

Trinocular tube

View inclination angle 30°
Light path selection: 2 sleps
(Binocular 100%,

Binocular 50%/Photo 50%) Photo 100%)
All observation tubes: Lead-free
Interpupillary distance adjustable range: 50 1o 76 mm
Eyepiece clamping knob provided
Stand 522-5T [ SZ2-ILST
SZ2.5T Standard stand | LED reflected/transmitied i 1 stand
SZ2-LST | Frame i ion | Mounting diameter 76 mm
Focusing Knob rotation tension adjustment
adjustment Forusing stroke 120 mm
Stage plate 522.5PBW (Black & white) The dedicaled glass plate in 100 mm dia. included
5P-C (Glass clear ransparent)
Light source Fiber optic illumination system Transmitted ilumination: LED
5Z2-LGB mountable ([option) Reflected ilumination: LED
Transmitted light illurmination Average LED life span: 6000 hrs.
altachment (572-ILA) mountable (option) Input raling: 100-120 ¥/200-240 V~.0.15/0.1 A, 50/&0 Hz
Objective lens Model N.A. Working distance
"' The S22-ET auxiliary sleeve | DFPLO.5x-4" 0.05 171 mm
is required when the S22-5T/| DFPLO.75x-4 0.075 116 mm
SZ2-ILST is used. DFPLAPOTx-4 0.10 B1 mm
SZX-ACH1x 0,10 20 mm
DFPLAPO1.25x-2 0.125 &0 mm
SZX-ACHT.25x 0.125 68 mm
DFPL1.5x-4 0.15 45.5 mm
DFPL2x-4 0.20 33.5mm
All objectives: Lead-free
Eyepieces “Comfort View” WHSZ series
All eyepieces: Lead-free
Weight | Configuration 1 4,360 0 | 5,400 g | 5,200 g
| Confiquration 2 5160 g | 6,200 g | 6.000 g

Configuration 1: SZX-ZB7 + DFPLAPO1x-4 + individual observation tube + WHSZ10x-H (2] + 572.5T

Configuration 2: SZX-ZB7 + DFPLAPO1x-4 + individual observation tube + WHSZ10x-H (2) + SZ2-ILST

UM .2 waziBunndesganssal
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A15199 4.1 ANAIULT VBT (B-U-H)A

SYUENANRININ AMULTS (HV)
(3131.) 1 2 3 W
0 291.6 333.0 342.0 322.2
1 267.4 283.1 293.4 281.3
2 195.0 229.6 237.5 220.7
3 189.8 220.8 177.4 196.0
4 2139 266.0 195.5 225.1
5 303.3 324.9 263.1 297.1
6 295.4 318.6 294.6 302.9
7 317.1 311.8 321.3 316.7

500.0
450.0
400.0 4
350.0 S e
300.0

250.0

Hardness (HV)

200.0
150.0
100.0 -
50.0
0 1 2 3 4 5 & 7 8
Distance from surface (mm)

=¥=Base H
—4— (B-U-H]A

—#— (B-U-H)AH

g'ﬂﬁ 3.1 A1AULTIVDITUI (B-U-H)A uag (B-U-H)AH

A15199 4.2 NANSNAFBUNISANNTIVDITUIU (B-U-H)A wag (B-U-H)AH

71

A8 (B-U-H)A (B-U-H)AH

Sminiimely (n%a) 2.1907 2.1898




AN51991 4.3 ANAIULTIVBITUIU (B-U-H W

250.0

Hardness (HV)

200.0

150.0

100.0

50.0

0.0

4 5

SYUENNRININ AT (HV)
(3.) 1 2 3 \de
0 360.4 367.8 382.7 370.3
1 354.9 320.6 336.9 337.5
2 268.2 258.7 2159 247.6
3 217.3 230.0 193.8 213.7
4 321.8 281.7 338.0 313.8
5 305.7 313.9 326.2 315.3
6 304.6 341.0 328.0 324.5
7 297.7 329.5 320.8 316.0
5000
450.0 *\\

—%=—Base | H
—o— (B-U-H)W

—&— (B-U-H)WH

Distance from surface (mm)

gﬂﬁ 4.2 AALLIIVDIIUIY (B-U-H)W uag (B-U-H)WH

A15199 9.4 NANTNAFBUNITANTTEVBITUIUY (B-U-H)W whag (B-U-H)WH

72

A8 (B-U-H)W (B-U-H)WH

Sminiimely (n%a) 1.7800 23915




A15199 4.5 ANAULTIUDITUU (B-U-2H)A

SYUENANRININ AT (HV)
(3131.) 1 2 3 W
0 600.3 626.3 534.3 587.0
1 558.9 567.5 497.8 541.4
2 492 369.6 317 392.9
3 399.1 319.8 269.7 329.5
4 314.7 280.2 248 281.0
5 286.8 256.7 330 291.2
6 298.4 336.4 332.4 322.4
7 395.8 366.1 366.2 376.0
8 377.3 345.9 337.4 3535
9 347.5 364.2 342.7 351.5

700.0

600.0

500.0

400.0 S

300.0

Hardness (HV)

200.0

100.0

0.0

0 1 2 3 4 5 6

=X¥=Base_|H
——(B-U-2H)A

= (B-U-2H)AH

Distance from surface (mm)

g'ﬂﬁ 4.3 AAuuderestua (B-U-2H)A uag (B-U-2H)AH

AN5199 9.6 NANTVINEBUNITANNTOVDITUITY (B-U-2H)A way (B-U-2H)AH

73

A9819 (B-U-2H)A (B-U-2H)AH

Swtiniively (n%) 2.0262 2.4973




AN51991 4.7 ANAIULTIVBITUIUY (B-U-2H)W

SYUENNRININ AT (HV)
(3.) 1 2 3 \de
0 585.1 627.1 534.3 582.2
1 503.7 506.7 509.1 506.5
2 436.0 519.7 414.6 456.8
3 284.3 358.4 390.3 344.3
4 239.6 350.6 308.4 299.5
5 221.6 257.7 248.6 242.6
6 238.9 234.1 229.5 234.2
7 299.0 236.1 290.4 275.2
8 323.8 293.6 299.7 305.7
9 314.8 302.8 304.0 307.2

700.0

600.0 LiRhe i

—4—(B-U-ZH)W

500.0
~@- (B-U-2H)WH

~
400.0 S

300.0

Hardness (HV)

200.0

100.0

0.0
0 1 2 3 4 5 6 7 8 9 10

Distance from surface (mm)

gﬂﬁ 4.8 MANLLTIr09TUL (B-U-2HW wag (B-U-2H)WH

AN519% 4.8 NANTVINEBUNITANNTOVDITUITY (B-U-2H)W wag (B-U-2H)WH

A9819 (B-U-H)W (B-U-H)WH

Swtiniively (n%) 15933 1.6370




A151991 4.9 ANAULTIVBITUIU (B-2U-H)A

SYUENNRININ AT (HV)
(3.) 1 2 3 W
0 366.9 381.3 389.4 379.2
1 340.6 329.2 291.3 320.4
2 326.8 333.7 318.6 326.4
3 331 361 298.1 330.0
4 358.2 322.1 246.1 308.8
5 317.7 335.4 227.5 2935
6 378.6 350.4 300.4 343.1
7 406 394.3 400.9 400.4
8 432.6 469.5 423.7 441.9
9 409.2 465.8 466.9 447.3

500.0

450.0 K

400.0

250.0

Hardness (HV)

200.0

150.0

100.0

50.0

0.0

o

3500 4
3000 \_’b”‘

—X=Base_H

—+—(B-2U-H)A

—+—(B-2U-H)AH

2 4 6 8 10 12
Distance from surface (mm)

g'ﬂﬁ 4.5 Auuderesiua (B-2U-HA uag (B-2U-H)AH

A1519% €.10 HANSNAADUNNTANNTOVRITUINY (B-2U-H)A ag (B-2U-H)AH

75

A9819

(B-2U-H)A (B-2U-H)AH

yninivnely (nSu)

2.4757 2.4971




A15199 4.11 ANPULTIVDITUIUY (B-2U-H)W

SYUENNRININ AT (HV)

(3.) 1 2 3 W
1 263.2 316.2 358 312.5
2 256.8 288.9 275.4 2713.7
3 233.5 289.8 261.5 261.6
4 258.2 262.5 250.2 257.0
5 315.7 281.5 264.6 281.3
6 322.9 313.8 307.7 314.8
7 336.8 335.5 318 330.1
8 318.2 321.3 299.9 313.1
9 290 331.7 299.4 307.0

300.0

250.0

Hardness (HV)

200.0

150.0

100.0

50.0

0.0

4 6 8
Distance from surface (mm)

—8—(B-2U-H)WH

== Base_H

—o—(B-2U-H)W

10 12

gﬂﬁ 4.6 MANLLTIr09TUIL (B-2U-HW wag (B-2U-HWH

A9 9,12 HANSNAGBUNITANNTOVRITUIY (B-2U-H)W thag (B-2U-H)WH

76

A9Y19

(B-2U-H)W

(B-2U-H)WH

yninivnely (nSu)

2.2981

2.3071




A19197 9.13 AL aesiuny (B-2U-2H)A

SYUENANRININ AMULTS (HV)
(3131.) 1 2 3 W
0 454.2 463.9 388.9 435.5
1 339 324.3 332.9 332.1
2 301.9 337.7 313.7 317.8
3 364 320.6 290.3 325.0
4 296 303.2 284.5 294.6
5 212.2 284 279 278.4
6 297.2 271.9 271.6 280.2
7 371.3 3229 322.9 339.0
8 397.7 348.7 336.4 360.9
9 381.7 375.5 360.7 372.6

250.0

Hardness (HV)

200.0

150.0

100.0

50.0

0.0

4

6
Distance from surface (mm)

8

—¥=Base_H
—+—(B-2U-2H)A

—+—(B-2U-2H)AH

10 12

g'ﬂﬁ 0.7 Auuderosiuau (B-2U-2H)A uag (B-2U-2H)AH

AN519% €.14 wamimaaumsﬁﬂmamaqsﬁumu (B-2U-2H)A uag (B-2U-2H)AH

7

A9819

(B-2U-2H)A

(B-2U-2H)AH

yninivnely (nSu)

1.8795

2.0860




A19197 9.15 ANALLTDITUIY (B-2U-2H)W

SYUENNRININ AT (HV)

(13.) 1 2 3 \ae
1 462.9 419.5 422.2 434.9
2 484.7 429 436.8 450.2
3 441.7 375 438.3 418.3
4 325.2 318.1 339.6 327.6
5 294.2 273.6 272.1 280.0
6 301.3 265 253.4 273.2
7 286.9 266.4 264.1 272.5
8 275 252.3 234.8 254.0
9 324.5 290.9 272.8 296.1

—X¥—Base_H

—@—(B-2U-2H)W

—8—(B-2U-2H)WH

Hardness (HV)

200.0

150.0

100.0

50.0

0.0
0 2 4 6 8 10 12 14

Distance from surface (mm)

g'ﬂﬁ 4.8 MANLLTIr09TUIL (B-2U-2HW uay (B-2U-2H)WH

A9 9.16 HANSNAGBUNITANNTOVRITUIY (B-2U-2H)W uway (B-2U-2H)WH

A9Y19 (B-2U-2H)W (B-2U-2H)WH

Smiiniimgly (n5) 1.9476 1.9869




A151991 9.17 ANPULTIVITUIUY (B-3U-H)A

STULNNINAINUN AT (HV)
(134.) 1 2 \nae
0 310.7
1 291.8 290.6 291.2
2 2447 284.1 264.2
3 257.5 239 248.3
q 251.8 252 251.9
5 239.5 2353 237.4
6 281.5 287.5 284.5
7 307 301.3 304.2
8 295.2 299.5 297.4
500.0
—4¥—Base_H
450.0 \\
~ —+—(B-3U-H)A
400.0 T ~
o —+—(B-3U-H)AH

3500 | i ————— == == e === 3

250.0 b—v% /\—‘

200.0

Hardness (HV)

150.0

100.0

50.0

0.0
0 1 2 3 4 5 6 7 8 9

Distance from surface (mm)

g'ﬂﬁ 4.9 AANuuderesiuau (B-3U-HA uag (B-3U-H)AH

A9 9.18 HANSNAGBUNITANNTOVRITUIY (B-3U-H)A way (B-3U-H)AH

A9Y19 (B-3U-H)A (B-3U-H)AH

Smiiniimgly (n5) 1.8491 2.6438




A151991 4.19 ANAULTIVDITUIU (B-3U-H)W

250.0

Hardness (HV)

200.0

150.0

100.0

50.0

0.0

SYUENANRININ AT (HV)
(3131.) 1 2 \de
0 399.3
1 321.8 321.8
2 295.7 293.6 294.7
3 2479 250.9 249.4
4 258.9 248.1 2535
5 241.5 251.7 246.6
6 198.2 218 208.1
7 280.1 241.2 260.7
8 266 282.4 274.2
5000
450.0 % . EEkaas

—o—(B-3U-H)W

—e— (B-3U-H)WH

4 5 6 7 8 9 10
Distance from surface (mm)

gﬂﬁ 4.10 A uufevestuaiu (B-3U-HW uag (B-3U-H)WH

A9 .20 HANSNAGBUNITANNTOVRITUIY (B-3U-H)W thag (B-3U-H)WH

80

A9Y19

(B-3U-H)W (B-3U-H)WH

yninivnely (nSu)

2.0242 2.0916




A19197 .21 AnAuLdaresiueny (B-3U-2H)A

SYUENNRININ AMNULTS (HV)
(3.) 1 2 \de
0 475.3
1 380.9 456.4 418.7
2 393.1 448.9 421.0
3 329.3 446.8 388.1
4 340.4 348.4 344.4
5 323 316.1 319.6
6 316 313.2 314.6
7 300 290.8 295.4
8 359.4 383.2 371.3
9 366.1 382.4 374.3

600.0

500.0

400.0

300.0

Hardness (HV)

200.0

100.0

0.0

=X= Base_H
—+—(B-3U-2H)A

—+—(B-3U{2H)AH

4 5 6 7 8 9 10
Distance from surface (mm)

g'ﬂﬁ 411 A uufernaiuaiy (B-3U-2H)A uag (B-3U-2H)AH

AN5199 9.22 HANSNAADUNNTANNTOVRITUINY (B-3U-2H)A uay (B-3U-2H)AH

81

A9819

(B-3U-2H)A (B-3U-2H)AH

yninivnely (nSu)

1.3965 2.8494




A19197 .23 ANANLLTDITUIIY (B-3U-2H)W

SYUENNRININ AMNULTS (HV)
(3.) 1 2 W

0 550.1

1 476 484.9 480.5

2 383 492.5 437.8

3 362 429.6 395.8

4 351 351.2 351.1

5 300 311.2 305.6

6 300.6 279 289.8

7 262.8 256.9 259.9

8 340.6 345.2 342.9

9 375.1 375.2 375.2
5000

txclBase

500.0 :\‘ ——(B-3U-2H)W

400.0

300.0

—e—(B-3U-2H)WH

Hardness (HV)

200.0

100.0

0.0

0 2 4 6

8 10 12

Distance from surface (mm)

gﬂﬁ 312 Aeuufevestuau (B-3U-2HW uag (B-3U-2H)\WH

AN519% 9.24 HANSNAFDUNNTANNTOVBITUINY (B-3U-2H)W uwag (B-3U-2H)WH

82

A9819 (B-3U-2H)W

(B-3U-2H)WH

Yvindimnel (n) 1.5776

1.7678
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Abstract The objectives of this research aim to develop the welding procedure for multilayer
hardfacing of 13% Mn cast steel and to study behavior of hardfacing deposits after impact applied.
Austenitic stainless steel and martensitic hardfacing electrode were selected as buffer and hardfacing,
respectively. According to the shielded metal arc welding (SMAW) process, two different
atmosphere conditions; control cooling rate on specimen (by water) and uncontrolled cooling rate on
specimen (by air) during welding were compared. Macrostructure and microstructure were
investigated by optical microscope. The hardfacing deposits were also determined by the dry sand
rubber wheel machine according to procedure A of the ASTM G65 standard. The results indicated
that the hardfacing layers revealed martensitic type microstructure in both controlled and uncontrolled
cooling rate but their grain shapes were a little difference. Austenitic type microstructure of buffer
layer was observed. By employing the controlled cooling rate condition, higher amount of carbide
was provided. The best wear resistance was obtained from controlled cooling rate condition.

Introduction

Due to its properties of high hardness, good toughness and high wear resistance, steel are widely
used in applications such as mine and rock crushing, etc which involve impact and abrasion [2, 3].
High Mn steel is a most used material for wear and impact resistance applications. It was found that
11-14% of Mn can stabilize austenitic structure at room temperature. However, MnsC can be
precipitated [1,3,4] in case temperature greater than 300°C is generated on Mn steel and this results
in steel brittle.

Normally, crush rolls (made from Mn steel) in crusher is used for reduction of coal size particle.
The crusher in practical operated continuously for a long period. Crush rolls can be abrasive and
decrease its efficiency in case the running time is longer than 15hours.

Generally, hardfacing is applied for crush roll repairing. This technique can be exploited by
welding on any bases using high hardness electrode for extension their life time[5, 6].

The present investigation aims to study buffer, build-up and hardfacing electrode applied in
shielded metal arc welding (SMAW) on 13% Mn steel in terms of their microstructure, hardness
and abrasive wear resistance.

Experimental procedure

Materials and welding conditions

Three commercial electrodes were applied onto Mn steel plate according to the manufacturer’s
direction. DIN8556: E 188MnR26, DIN8555: E 7-UM-250-KP, DIN8555: E 6-UM-60 were used for
buffer, build-up and hardfacing, respectively (Fig.1) and 280mm x 75mm x 15mm plates were used
in all cases. The chemical composition of Mn Steel can be seen in Table 1, composition of each
electrode was shown in Table 2 and SMAW process parameters were specified in Table 3.
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The deposition was carried out in flat position, by using SMAW technique in two different
atmospheric conditions. The first is uncontrolled cooling rate on specimens by welding in the air
and another is controlling cooling rate by water.

Table 1
Chemical composition of Mn steel plate [wt%]
C Si Mn Ni Cr Mo Fe
1.08 0.85 13.5 0.33 2.06 0.05 balance
Table 2
Chemical composition of electrodes [wt%]
C Si Mn Ni Cr Mo Fe
Hardfacing (DIN8555:E 6-UM-60) 0.5 0.8 1.3 7 1.3 balance
Build-up (DIN8555:E 7-UM-250-KP) 0.6 0.8 16.5 135 balance
Buffer (DIN8556:E 188MnR26) 0.11 1.2 4.2 8.5 19.2 0.7 balance
Table 3
SMAMW process parameters
Electrode Current [A] Voltage [V]  Travel speed Number of layer
[mmmin™]
Hardfacing (DIN8555:E 6-UM-60) 120-123 20-25 23-24 1
2
Build-up (DIN8555:E 7-UM-250-KP) ~ 108-118 21-25 21-25 1
Buffer (DIN8556:E 188MnR26) 105-120 25-30 25-30 1
Hardfacing?
Hardfacingl Hardfacinel
Build-up Build-up
Buffer Buffer
- ﬂ(]
Base 13%: Aln Base 13%¢ \[n
(a) (b)

Fig.1.Schematic of welding layers deposition in the different atmospheric condition.

Hardness Measurement
The hardness of the deposits was measured by Vickers hardness method with a load of 100kgf.

Microstructure analysis

Optical microscope (OM) was used to analyze the microstructure of the specimens. Cross sections
of the weld were polished and etched with Kalling’s agent (buffer and build-up) and Nital 2% (base
and hardfacing).

Abrasive wear tests

Abrasive wear tests were carried out in a dry sand-rubber wheel testing machine according to
ASTM G65 standard. Rounded quartz particles with mean diameter in the range of 212 and 300 pm
were used. The normal load and duration of the tests are shown in Table 4.



Key Engineering Materials Vol. 658 174

864
Table 4
Abrasive wear test conditions, dry sand-rubber wheel testingmachine
Procedure Load [N] Velocity [rpm] Wear distance [m]
A 130 200 4000

Fig.2 Microstructures: (a) hardfacing, first layer, (b) hardfacing, second layer, (c) buffer layer,
(c) build-up layer, (e) Mn steel base, welding in air, (f) Mn steel base welding inwater,
(9) heat effected zone, welding in air, (h) heat effected zone, welding inwater.
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Results and discussion

Microstructure

The typical microstructure of the studied welding deposit is shown in Fig.2. The hardfacing
layers show martensite which is penetrated in austenite matrix. The darker phase is martensite
(Fig.2 a, b). The martensite on the second layer is sharper than the first layer. The buffer (Fig.2 c)
and build-up layer (Fig.2 d) illustrate cellular dendritic structure which is austenite phase.

Specimens in uncontrol cooling rate welding; in air, carbide (Fig. 2 €) was precipitated and coarse
grain area (Fig.2 g) was found in boundary between base and buffer layer, which are more than in
the controlling cooling rate by water (Fig.2 f andg).

700.0

-2 HF Air
=41 HF Anr
-8 1 HF Water

—-2 HF Water

Hardness (HV)

100.0

Distance from surface (mm)

Fig.3 Hardness profile of cross section for welded specimens.

Hardness and abrasive wear test

Surface hardness of one hardfacing layer displayed about 320-360 HV and 580-600 HV for two
hardfacing layers which effected from low dilution levels made more martensite phase in both
atmospheric conditions (Fig.3). The best abrasive wear resistance was obtained in controlling cooling
rate by water for two hardfacing layers (Fig.4).

There was no any significance for base hardness in one hardfacing layer in each specimen (~300
HV). On the other hand, base hardness in two hardfacing layers by uncontrolling cooling rate
welding by air (~340 HV) is harder than by controlling cooling rate welding by water (~300 HV).
This is due to the fact that there was heat deposition during welding which increased carbide
precipitation.
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0.0030
0.0025
ﬁ'.l.(JE)_‘U
% 0.001 Air
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o 0.0010
0.0005
0.0000
Base I HF 2HF
Fig.4 Mass loss of the welded specimens
Conclusions
e Carbide and coarse grain were generated on base metal by welding in un-controlling cooling
rate by air.

e Surface hardness of two hardfacing layers is greater than one hardfacing layer.

e Surface hardness of specimens welded in controlling cooling rate by water is greater than in
un-controlling cooling rate by air.

e Welding in controlling rate by water provided the best abrasive wear resistance.
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