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Abstract

Hardfacing is one of the frequently applying method to increase surface hardness in hot forging die.

Recently,

hardfacing receives great attention due to it's repair availability and low cost. In hot forging die,

crack resistance and thermal shock resistance have been considered as major properties, However there are
few studies for the assessment of these properties. So, it is necessary to establish the assessment method
for crack resistance and thermal shock resistance in hardfacing for hot forging die. In this study, flux
cored arc welding was applied to make hardfacing welds. Three point bending test was carried out to
assess hardfacing weld's crack resistance, and high temperature bending test using salt bath was developed
for thermal shock resistance. Consequently, it was possible to assess crack resistance and thermal shock
resistance of hardfacing welds for hot forging die quantitatively.

Key Words : Hardfacing, FCW, Bending test, Thermal shock, Salt bath, Crack resistance

A dzt
o 7147

STD11 o & A|Zshs Whel H

7ke] A= G 5] o]dE AL Q7] wiiel| Mt

.M = o TSI Y FACH. dAW s4E
FCW (Flux Cored Wire)= tH-& 17k 4

ez A& gl o] 4848 3t ol& A3 fsl %lﬁoﬂ’ﬂ% +4858 FCW&E
3§ ARsks el 974 STD6L, Nate] A Sl A&silovt, FY ofelo= A
3 239 g, A gk bz 58] £l 8,000 B <F 1/10

REEH: - A5t 5284 3%, 20104 61 307



80

PN
o

ot
oY
o
ot
ox,
re,
fol
i
ofy
1ol
o
of\
a
1
i
=
o
1ol
i
ox

)
fol

ol B 700 B AFNA FHol 7D vk

7 el Aol BAse
@ BARE FHe AelA shelele] o]
7] 98 $98HTel W
4 9 WEFA4 BrhPel og A7 vER A
Qolth. 53 UQFA4e 49 AT Yo wE
Aol ol AFA9 HA tholn oleigt A
e 2 Qe Be ARkl Aol ma

h84

fo
-
i
+
=
rx
ol
oSt
tlo
i)

T =
asit,

& drdde itz 39 §49845e] e
< B7reP) Sel A2 wdAEs AAlska, e
A4E B7kl7] el AERE o187 n FEAE
< sl ZAAQ WHoR S38ATE W
F dE AlEs Akt sslth

4R EE HRe 50 oW 14 =24, 74485

Stepel F13g siehe sh3nlgo] sdte

2t & AT Al sl ARAA o] A
Aog A gtk =X7F AT wX9] He
A dgel WA, AFetez AT U EAHS

N
o ) > of &
=
I
Q
<
ﬁ
S
o
i\
2
=2
>
b

o
{0
N
)
o A
i) :
]
v
st

Sl 9Fg v

7k o$- &

2 B oo oX

=,
o
o
e
M
o
i

oft
4
%0
A

o A%, HRe 50 299 34 $4470%9 W2
BE W) el A9 39 gL Ssgon
39 Wgge] avky dgo] $5st] WidAel ¢
Foha, S 39 2ol F5E BRIl S5
Ao Bk WHe Asdct

20 WEEAN FIhuy

J. W. Kim 52792 Fig. 19 (A% 38 =
27} AAE] 9= AlFHOZ Gleeble 3500 o] &
skl Fig. 19 (b)) 2o] 7FE, 2], ¥zt BAldl
oS AAsl] A4S Hrlske AlES Aldske],

T Aol AT7F E45 E3FF

32 AdETE (et dholx| R mrke] AlEAA|
7} a7

B ATl ol dElE o] &3t Z
st wEA A8 4 e WES kst

Fig. 2& d&29 d&7dA 7199 AJHS
. AE2oe AAHoR 258 I & gl
FHd7E 72 =Y d&2
Al 850TC=E AlgdHe] 71E€ =
5%3E 7Hdsk] HAEHuR) T o1&
g A THE T HE 1R T

=43 HYEE 2 mm/min

-

o
e
1
X
2
olI.
=
o

‘Thermocouplet 1000

I
©
g

>
S
S

N
S
S

Temperature
=
5
8

. 25C/sec (cooling speed)
Copper jaw

o

Fixed Specimen Time
(a) Schematic (b) Method

Fig. 1 Schematic of thermal shock test & test
method

specimen

Fig. 2 Salt bath and specimen

Journal of KWJS, Vol. 28, No. 3, June, 2010



g AT 81

3

= .

3 Al KL A, 9% 9 ) A AR
% O

Z

31 &Y M=

2 A= SKT4 713 flo S84S5 2As
of A-g2F<(All deposited metal)ollA & 10 x 24
°] 100 x F7 10(mm)e AlAE AFsIAT. =

T, e FYARE A7 3 R A sholo]
9 3 FRel WARA sfelo] & 6 ERe shololr}
ApgEgiet

i on = e Ao <
A 9t = Ans} =ou geled ma 9508 2
PN

olgta & ¢ 913

S e
77te] sjolole WHPAT UeheAel met
B, CR BRG0m, selol At aEdAel
Fele, sfolo] ‘O WphEAe] S5 dole]
= dfolo] A" ') F054 e, sfolo]
71 “CiSL KA So dislon, gl O ke
2 WA} Sholojs) A sfolol g elulg.

>,

L W o !

KS B 080
AR del= ote 3 W= Instron
A Ald71A s S, A7 WS
2 mm/minS & jon stkale]l MAE AlH
ot Moz SITh Fig. 32 AL widAE
= Uehd Aot} ol A, (AN EHIE)
v B T XM Q1A-gH o] Al@H
sttt Al 28E QIAAeEHe Algtdd=
X SHE Ao S stF @ Al A
1 100 mm7} oFd span 80 mm7} AF&-E At}

2(1) o2 FE AFeHE Altetdnh, 3 54
|9 AlEe gide] A7, 7F AEle Bl Y $A

FEANE FIAAE W

e oofr mlo o @
o b
o
jris)
>
o
rlo

by
r

N
o & 5
o fr K

oot i

7

2 > "N o 1o b e R

i)
o

Table 1 Hardness of various wire

Wire CA KA CB KB CC KC

Hardness
(HRe)

48.7 | 48.2 | 53.2 | 53.1 | 556.3 | 55.8
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Table 2 Test results of wire ‘CA” Table 4 Test results of wire 'CB’
CA CB
Technical item Technical item
1 2 3 Average 1 2 3 | Average
Ultimate bending load (kgf) 2317 | 2511 | 2514 | 2447 Ultimate bending load(kgf) 2050 | 2228 | 1953 2077
Fraf:ture point at tepsile ’part(m@) 343 | 521 | 5.97 | 4.87 Fra-cture po{nt at ter}sile ,part(mn‘l) 1.49 0 1.20 0.87
(Distance from specimen’s center) (Distance from specimen’s center)
Displacement (mm) 3.43 | 6.22 | 6.12 5.26 Displacement (mm) 2.42 | 2.66 | 2.29 2.46
Fracture bending stress, opr Fracture bending stress, opr
(kef/mm?) 258 | 262 | 257 259 (kef/mm?) 237 | 267 | 227 244
Table 3 Test results of wire KA’ Table 5 Test results of wire ‘KB’
KA KB
Technical item Technical item
1 2 3 Average 1 2 3 | Average
Ultimate bending load (kgf) 2476 | 2471 | 2105 | 2350 Ultimate bending load(kgf) 2548 | 2663 | 2309 | 2506
[Fracture point at tensile part(mm) 056 | 431 0 4,62 [Fracture point at tensile part(mm) 0 371 0 193
(Distance from specimen’s center) | ~° ’ ’ (Distance from specimen’s center) ’ ’
Displacement (mm) 5.38 | 6.24 | 3.13 4.92 Displacement(mm) 3.90 | 4.55 | 2.88 3.78
Fracture bending stress, ops Fracture bending stress, opr
(kef/mm?) 226 | 265 | 253 248 (kef/mm?) 305 | 299 | 277 290
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Table 6 Test results of wire “CC" Table 8 Comparison of various studies
cC .9 . 56) Present
Technical item 1 2 3 Avorage M. Collin J. W. Kim study
) ) Brittle Overay
Ultimate bending load (kgf) 1518 | 1535 | 1535 | 1555 . Homogeneous
. metarials welded metal
Fracture point at tensile part(mm) Object without tool steel with welding
(Distance from specimen’s center) 4231 4.23 1132 2.62 defect without, defect defects
Displacement (mm) 1.71 | 1.73 | 1.54 | 1.66 Fracture Pri—izglcrlfsby Notch by Ijvzl?élizrg
Fracture bendlngZStress, Opf 162 173 165 167 initiation indentation machining dofects
(kgf/mm®)
Heating hz:triiacz Heating & Salt bath
e and cooling wategr cooling by heating &
Table 7 Test results of wire KC method . ) Gleeble air cooling
cooling(307C)
Technical item KC Thermal Controlled Controlled
1 2 3 | Average shock Quenching cooling with cooling with
Ultimate bending load (kef) 1583 | 2090 | 1801 | 1825 method tension bending
) : : Thermal
Fracture point at tensile part(mm) Crack length .
(Distance from specimen’s center) 1.48 1047 | 1.34 1.10 shock increase AT Displacement
resistance
Displacement(mm) 1.72 | 2.30 | 1.94 1.99 -
Fxcellence Low thermal | Large notch | Small weding
Fracture bendingzstress, Obf 177 247 208 211 to thermal stress tlp plastjc defects &
(kgf/mm”) 0 shsck a intensity deformation to| large plastic
. factor & high lower deformation
resistance toughness temperature by bending
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