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Abstract

Cold forging, carried out at room temperature, leads to high dimensional accuracy and excellent surface integrity as
compared to other forging methods such as warm and hot forgings. In the cold forging process, WC-Co (Tungsten Carbide-
Cobalt) alloy is the mainly used material as a core dies because of its superior hardness and strength as compared to other
structural materials. For cold forging, die life is the most significant factor because it is directly related to the manufacturing
cost due to periodic die replacement in mass production. To investigate die life of WC-Co alloy for cold forging, mechanical
properties such as strength and fatigue are essentially necessary. Generally, uniaxial tensile test and fatigue test are the most
efficient and simplest testing method. However, uniaxial tension is not efficiently application to WC-Co alloy because of its
sensitivity to alignment of the specimen due to its brittleness and difficulty in thread machining. In this study, shape of
specimen, tools, and testing methods, which are appropriate for uniaxial tensile test for WC-Co alloy, are proposed. The test
results such as Young’s modulus, tensile strength and stress-strain curves are compared to those in previous literature to
validate the proposed testing methods. Based on the validation of test results it was concluded that the newly developed
testing method is applicable to other cemented carbides like Titanium carbides with high strength and brittleness, and also can
be utilized to carry out fatigue tests for further investigation on die life of cold forging.
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X, U
HE
rlo
R
kil
tob,
i
g.qo
N

i)
o
o
i)
o
)
% )

o
2
=2
o
oo
1,
K

fl ofk
i 2
= pr
A oox
g0, 2
flr ot
L v
lo
o
o
-
BN
)
S
all
ofk

QAatesta Ao 7] A5
2356 AAnAE A AAEF
Corresponding Author : KITECH, E-mail:markjung@kitech.re.kr

F LN
[l

o 7hEHAo]l glonz FHoR 31237 oA
AA AT F JE T8 viE E AdHIPHG
v T2 gRIyd g3 3] sEHeE AUt
HIHsE Aoz d#A v, [1]

Wrtaze]l S8 A8 E A= We-Co 7
=, STD61, STD11 o] Yew, 1 F W-Co &=
< Fogye FE AEHE AR A=
AEE F2 W JAAAETE Yol AgEEd FH
okl 54 S VAL ). 53], WitdxzE wol



oo
R
ot
i
o
114
oo
o
i)
o,
°£

>
>

_ﬁ
)

rir
=2 ﬂ]&ﬂ:
Lo
fo
N
2
AL
1
s

o |m

N
oo T
_jJ
Al
B
o on
Mo ofo O

O
oo
o

—

o

L2 %

al

ot

it
R )
ot

o rr

oom N o
<l rE _{E
fru JE M

N

%

2

Kool

(]

REY
E |0
ME
oz
rok

n

T,
o
o
i
24 S
%}j
ﬂc:rL

==

ot r
=
il
Lo

2,

g
_).41
=

e rlr ot tl ¢ lo

dy &

[

N
ol
25
£

—

=
1% oE

i
BN
all

WoE oo @
N~ HS

m

o
2

0

-/

2N 2 oox e 2 9o

2

©
ot
i)
> o
ol

oo o
B

-

n% 4o ot of Hi (M

e

2] A2 = Tungsten-
1 743 Cermet AlE 424
9o 93] Z2A4HE o=

—

X

(]

Carbide(WC) <}
o] gEAFTL Hu

©

strength) &

o) =
FUYEE

o] &EstaL 9

statical strength theoryS %3
g QA EE WIS}

|V, 2m+D)

Equation. 1 Weibull's statical strength equation [3]

o] ¥3 z1ea
o] FByjojm | me Weibull modulus[3]
of we} GElRl= Ho= FAMA

woll theh m@tS 9 e 1 oo

M ol e

b SE @A 7EA

oz

o

o] fraasss 371

HIP(Hot Isotropic Pressing) &% &9 A|zZHH
of wel 7AA EAdol dyAlE AS gty
BYAEE AES] A% ks dnksiste] ARE
sk AW AAVE gl Ble] Abdeltt

wee] 15 AR LAle BERTb ALE
B b dwe wies #EAE 2e gt
o dojdEs WA & AS BRF ofyet FIFHas
AozrE Qe AdFedn 47 wast s
Sz Z4H B4 FEEeIA e fele)
U WC-Coot #2 Ao HAAZREL A
Ao et d el A4ds wzkekal[4], WC-
Cogae A% Am7F wl$ =7 wio] dwrH<l
AFAHLG o] & ko] Yalrbgo]l mjg- oy
3 1% QABAF] WS ke

FAske] AlES AP AbeEzE lou ol E Al
A= (thread root)ollA] x| <]&t

ol
fu}
rlr
LT

AR FEox
o AFAE W

Hags|ofof st

oL

g,
Wi
2
i

2 Aol We-Codtwrel 15 A dS A7t
Aol At A(jig) B AlEE AAskaL,
AA MRS T TAE EAEES fdes
A T3 AMAske] We-Co Fwel 15 A

[e]
of Az1ek Ao FAS Abstarzt s, =
Aol A AP Al B %

INdor 42 =43 7| EdAAA A

2 o iz
oX
[

WC-Cotaat ol nAE Aol #&o] ol

Uabal 7heS 398hy] $8ke] Fig. 13 o] A



A

]j_ ] }\1—01 o]»O:]
_O_E% ] 219

pza| __—]
;___I:

‘TY
@ (Dumbbell) 372 AlH
Eﬂ WC-CO Al ol YAF7EE-o]

AelshH HxE o

A ug o

.

Av 2] 2
Al

2 7h

Az el

Fig. 1 Assembled jig and specimen

2.2 X1 &A
Fig. 2(a), (b), ()¢} & ez A1 A5

A&, Fig.  2@<F  #o]  AFAFE7] 9
crosshead®} ZAFS st A1 A F4Fo
M30 49 ®S 7hEstsiom, Al Aol 7he
stHA A T AlHe olgE WAstaL e
WY S Haskstr] st BEE Aol 7hed 2
A AWM E S8kl

Fig. 2(b),(c)ell YERA vRe} o] X1 3fke]] ¢
Ak AlH ARl Al wEREY] AAs Y

3 Ty %% 7bEstel AWMt Adlo] s} )
At ARG skF AAE Sste] Fig. 2(b)el
Al A —r”ﬂ “T»9] 4/5 74A|wr & 7ES [3EY
AGAE T WC-Co AR} AA shdo} <l
Aol slrg gHAE 9
#18ted STD11 &4 e=2 A1 A
skl

[e)
1__

AEE

57 °]

g =g

&

A} X2

&

372

Fig. 2 (a) Assembly drawing of the initially designed jig
for tensile test (b) Front and right side views (c)
Bottom side view
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Fig. 3 Initially designed WC-Co alloy tensile specimen
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Table. 1 Condition of finite element analysis

i Number of .

Objects Material
elements

Tensile

) 28,781 WC(Cobalt20%)
specimen
Upper jig 43,834 STD11
Lower jig 44,197 STD11
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Fig. 5 (a) Fractured specimen after tensile test with
initially designed jig (b) Measured strain values
at two different points within gage length
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Fig. 6 (a) Asymmetry of initially designed jig (b) Strain
distribution of jig (c) Strain distribution of

specimen
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Table 2. Comparison of elastic modulus and tensile
strengths depending on Co content

. Elastic Tensile

WC-Co Specimen
modulus strength

Alloys type

(MPa) (MPa)
wt. Co20% Dumbbell | 463,797 1,922.58
wt. Co14% [7] | Thread 541,926 1,406.53
wt. Co 6% [7] Thread 619,837 1,213.47
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