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A Study on Assessment Method of Crack resistance and
Thermal shock resistance in Hardfacing for Hot Forging Die

Sung—Ho, Kim

Department of Shipbuilding Systems Management Engineering, The Graduate
School,
Pukyong National University

Abstract

Hardfacing is one of the frequently applying methed to increase surface
hardness in hot ferging die. Recently, hardfacing receives great attention due
to it's repair availability and_lew 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, lux
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—used for thermal shock
resistance. Consequently, we could assess crack resistance and thermal shock

resistance of hardfacing welds for hot forging die quantitatively.

Key words : Hardfacing, FCAW, Bending test, Thermal shock, Salt
bath, crack resistance
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Fig. 2.1 Schematic of hot-forging process
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Fig. 2.5 Schematic of hardfacing welding on SKT 4

Table 2.1 Chemical composition of SKT 4

JI oMY % % 2
k=2
c si Mn P S Ni Cr Mo w v | 8=0
050~ | 035 | 0.60~ | 0.030 | 0.030 | 130~ | 050~ | 070~ 3
SKT 4 i ~ - - - |ooz=
060 | Ol5t | 100 | 0I5t | 0I5t | 200 | 060 | 1.00

¥ SKT 4= V 0.20%0I6t2 EIIE = UL
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Wl U Wiresh KAF Wired] 48787 31942 Table 229 23
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Wire 71 “CA'S} “KA" S0.2 shgom, 9ol Csh K 47 ot
7 Wire$} 7| WireE 97| gt

Table 2.2 Chemical composition of Bench marking Wire

c Si Mn Cr Ni Mo T v w Fe
CA 0193 0271 0.443 7830 2033 2394 | 0.0366 | 0210 0.0037 86.4
cB 0317 0.694 0.593 8933 1.829 2.757 0.158 0.0532 | 0.0072 84.5
cC 0.446 0.362 0.732 8284 0.639 2.405 0.138 0.523 231 83.4
cB 0317 0.694 0.598 8933 1.829 2.757 0.158 0.0532 | 0.0072 845
CcC 0.446 0.362 0.732 8284 0.639 2405 0138 0.523 231 834

Table 2.3 Chemical compesition of developed Wire

=
O
0=

C Si Mn P S Cu Ni Cr Mo Ti v W

KA 0144 | 0937 | 0.828 | 0.028 | 0021 | 0044 | 1980 | 9.650 | 1692 | 0093 | 0.251 | 0.021

KB 0226 | 0.84 0.61 0017 | 0.016 | 004 1.79 9.04 250 | 0.093 | 0.048 | 0.008

KC 0313 | 0.95 073 | 0.022 | 0016 | 0.04 0.11 896 227 | 0.072 | 0.564 | 1.790
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Table 2.4+ ZY7+e] WireZ A|2Fek SAAEHFE9 W Ax=E 5¥ =4
3 B zkS JeEl Qo dumrtd oz Axel Untr EAL g ss
Ao AdHA UG F, AV 252 3% Urntr EAS AU

Wire "A" < "B" < "C"9] £AE FL& nlE
7tV e AEFS 7HAIL Wire "A'VF AEFe] g womg zhzt
Wire®] @ 7543 U,

Table 2.4 Hardness of hardfacing weld’s surface

Wire CA KA CB KB CcC KC
Surface
hardness 48.7 48.2 52.9 53.1 5.3 ha. 7
(HRc)
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3.3.2 Bending stress A4t

Bending stress= A4t o] A]= FHSE Fig. 339 A< Bending testo]
EAES Yehll=d, 9714 span L2 Aitel AREEH= ®e o],
Pkgh)= 7t A= HB38HS, Mma(kgf - mm)= 3t50] A= Ho =

Eoln o]& 913 Bending stress Op(kgf/mm’)7} A ETH AXEHE 2
2 ofgf el vEp AT
P (kgf)
r | Muadt 221 9K
s L (mm) ]
Fig. 3.3 Schematic of bending test
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1) WEEAol +5 Wire "A"e] 4L 33 5

I E
(1) Wire "CA"
Table 3.1 Test results of Wire "CA"
CA
Technical item
1 2 3 Average
Ultimate bending load (kgf) 2317 | 2511 | 2514 | 2447
Fre-lcture point at ten-sile part (mm) 343 591 597 487
(Distance from specimen’s center)
Displacement (mm) 343 |-6.22 | 6.12 5.26
Fracture bending stress; Gy
(kef/mm?) 258 262 257 259
(2) Wire "KA"
Table 3.2 Test results of Wire "KA"
KA
Technical item

1 2 3 Average

Ultimate bending load (kgf) 2476 | 2471 | 2105 | 2350

Fre-lcture point at ten-sile part (mm) 956 | 431 0 462

(Distance from specimen’s center)
Displacement {mm) 538 | 6.24 | 3.13 4.92
Fracture bending stress, Gy
(kef/mm?) 226 265 253 248

- 20




(3) Wire "A" H]xl

=9 =5 N [\*]

= o o (3]

[=] [=] [=] [=]
Displacement (mm)

Fracture bending stress, oy
(kgf/mm?2)

o

CA KA
Wire A Wire KA

Fig. 34 Comparison of wire "CA" and "KA"

Table 3.1, 329 ¢olo] “A”] A2 HAAFE HolHE HERAU
A Wire “KA”= 98k Wire “CA”Sk Aol AL 71413 545

Rolm Itk F9 FHEE, AR LA, T3 WYY, N 3
& F9eH] 44 @ LFE fASE 2 Aole vehiA 2k 1
T og AR S5 Flete S Ads e 53 508 (o) H
S8 wgwe] 252 YEdAe] S5 Ao HrHEY, T solo]
7 W% ghg R0 wEt NEEAgLe WX vy Wiredh 553 o=
37l

ES A Wire “KAE sl g2 RSB Wi gyl $4% 5
AL 7AYot e YielRAe] aA L FEHE 58] THETE=

AF ¢He wEAon =i WA HE Fiel Agsh: o] uiuy
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2) WEGH % WrkeAe ZHE Wire "B'S] 4238 54 % 23

(1) Wire "CB"
Table 3.3 Test results of Wire "CB"

CB

Technical item
1 | 2 | 3 | Average

Ulitmate bending load (kegf) 2050 | 2228 | 1953 2077

Fracture point at tensile part (mm)
(Distance from specimen’s center)

Displacement (mm) D I 266 4 229 246
| |
Fracture bending stress, Ops —— P I F =
(kgf/mm?) & ! S - | ks
(2) Wire "KB"
Table 3.4 Test results of Wire "KB"
KB
Technical _item
1 2 3 Average
Ultimate bending load (kgf) 2548 | 2663 | 2309 2506
Fra.lcture point at ten-sile part (mm) 0 371 0 123
(Distance from specimen’s center)
Displacement (mm) 3.90 | 4.55 | 2.88 3.78
Fracture bending stress, Gy
(kgf/mm2) 305 299 277 290
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(3) Wire "B" H|

Displacement {(mm)

Fracture bending stress, oy
{(kgf/mm?2)

cB KB
Wire Wire

Fig. 3.5 Comparison of wire "CB" and "KB"

Table 3.3, 8.4%|= <}o]ola”B o] AL H3A|Y
TRetelo} KB WX El] efo]o] "CBUEE, 55 =4S
o 3RS SEAAE Al S3 F/sks, 53 WIE, Bar
=8| 37kA19] gro] WlA|mb opojojint Fsato] i Bl
g Ao = F7pE A

r
>
2
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3) WrtE Aol $+5F Wire "C'e] 48 FY 5

(1) Wire "CC"
Table 3.5 Test results of Wire "KB"

CC
Technical item
1 2 3 Average

Ultimate bending load (kgf) 1518 | 1535 | 1535 1555

Fractu int at tensile part (mm
racture point at ensile part (mm) | 4 >3 | 423 | 132 | 2.62
(Distance from specimen’s center)

Displacement (mm) 1.71 1.73-| 1.54 1.66
Fracture bending stress, Gy
(kgfmmm?) 162 173 165 167
(2) Wire "KC"
Table 3.6 Test results of Wire "KB"
KC
Technical _item
1 2 3 Average
Ultimate bending-load: (kgf) 1583 {2090 | 1801 1825

Fractu int at tensile part
macte polnt-stlensliipattrml | v e | ma7 | 1.32 | 100
(Distance from specimen’s center)

Displacement {mm) 1.72 | 2.30 | 1.94 1.99
Fracture bending stress, Gy
(kef/mm?) 177 247 208 211
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(3) Wire "C" B L
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3 & B
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Displacement {mm)
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=1

Fracture bendign stress, oy
{(kgf/mm?)

o

cC KC

‘Wire Wire

Fig. 3.6 Comparison of wire "CC" and "KC"
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specimen

Fig. 4.4 Salt bath & specimen
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Table 4.1 Comparison of various studies
P t
M. Collin® Jo W, Kim®® resen
study
’ b Overay
Brittle metarials Homogeneous
. : - welded metal
Object without tool steel without \ .
with welding
defect defect
defects
Pre-crack by .
Fracture . Notch by Random welding
S vicker's .
initiation . : machining defects
indentation
Heating and | Furnace heating Heating & Salt bath heating
cooling & water cooling by &
method cooling(30°C) Gleeble air cooling
Thermal Controlled Controlled
shock Quenching cooling-with cooling with
method tension bending
Thermal
Crack length
shock r:.ﬂc °ng AT Displacement
. increase
resistance
Low thermal Large not-ch tip Small weding
Excellence to . . plastic defects & large
stress intensity . .
thermal shock . deformation to plastic
. factor & high .
resistance lower deformation by
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temperature bending
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443 23 9 3F

1) a8l +5 Wire "A"9] 112 737 54

§ 2 n@
(1) Wire "CA"
Table 4.2 Test result of Wire "CA"
CA
Wire
1 2 Average
Ultimate bending load (kgf) 1758 1708 1733
Displacement(mm) 13.13 13.70 1341
(2) Wire "KA"
Table 4.3 Test result of Wire "KA"
KA
Wire
1 2 3 Average
Ultimate beding load (kgf) 1766 1632 1597 1665
Displacement {mm) 17.52 11.67 21.05 16.75
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2) W2 % WehR e ZHE Wire 'B'Y 1 Y 54 % 1B
(1) Wire "CB"
Table 4.4 Test result of Wire "CB"
CB
Wire
1 2 3 Average
Ultimate beding load(kgf) 1463 1539 1516 1497
Displacement(mm) 6.29 9.74 92.00 834
(1) Wire "KB"
Table 4.5 Test result of Wire "KB"
KB
Wire
1 2 3 Average
Ultimate bending load(kgf) 1485 1717 1399 1533
Displacemen{{mm) 7.26 9.79 6.22 T1.75
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3) WrtRA o] 43 Wire "C"9] 112 I3 54

g 2 1F
(3) Wire "CC"
Table 4.6 Test result of Wire "CC"
ccC
‘Wire
1 2 3 Average
Ultimate bending load(kgh 1296 1434 1565 1431
Displacement{mm) 3.74 5.72 829 591
(3) Wire "KC"
Table 4.7 Test result of Wire "KC"
KC
‘Wire
1 2 3 Average
Ultimate bending load(kgh 1216 1442 1456 1371
Displacement{mm) 3.66 917 913 732
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(3) Wire "C" B L
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