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Application of High Speed Tool Steel
in Warm Forging

H.S. Lee, D.J. Kim, J.H. Kang, J.S. Je and S.S. Kang

Abstract

There are several effective factors to influence die life in the warm forging process. For instance,
process design, die design, and die materials, etc. This study presented heat treatment method which
could improve toughness and wear resistance simultaneously in high temperature to apply high speed tool
steels hke SKHS51 to die material for warm forging process. To verify the feasibility of application for
heat treatment method mentioned above, wear test was performed under the condition of constant time in
400T. Wear coefficient was examined to search a relation between wear amount and time for each
material and heat treatment method in 30, 60, and 130 minutes. To quantify the toughness-behavior
between room and high temperature, impact test was performed and heat fatigue test also fulfilled to
compare with the resistance of heat check in room, 200, 400, and 600°C temperature. On the basis of

experimental results mentioned above,

high speed tool

steel was applied to verify appropriateness of

newly proposed heat treatment method for die of rotor pole used in automobile alternator. As a result, die

life of high speed tool steel applied newly proposed heat treatment is longer than that of STD6I.
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Fig. 1 Cycle of heat treatment for high speed tool steel
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Table 1 Material and heat treatment method of pin

Q.T Method | yj¢r Hardness
: - -7
(Ql{enchmg ~ding Material (HRC) |K(X10 )
Temp.)

SKH51 | 635~64 | 1.45311
. ] SKH55 | 66 | 1.46037
o1 Method YXR3 | 62 | 185517
(120009 SKH51 | 64~645 | 1.63619
O [skuss | 66 | 1.49871
YXR3 | 61~615 | 2.08179
SKH51 | 585~59 | 1.13085
X | SKH55 | 625~63 | 1.22877
Under YXR3 | 60~605 | 1.62307
-hardening
1130C) SKH51 | 595~60 | 1.28199
O | skHss |625~628] 1.2439
YXR3 | 605~61 | 1.68549
Conventional STD61 | 53~535 | 2.69078
QT Method | © [ DHaz | 57575 | 4.49888
STD6l | 565 | 2.01415
DH32 |585~505] 3.28515
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Table 2 The Result of Impact Test

Heat Temperature
Material R 200 | 400 | 600
T t t oom
reatmen Temp.{ T T T
Conventional 135 | 27 {555 (555
STD61
CNX 105 1 135) 245 ) 27
Conventional 1.85 27 129 | 315
SKH51
Underhardening | 255 | 355 [ 3.655 | 3.8
Conventional 29 27 14151 53
YXR3
Underhardening| 5.05 53 | 93 | 11.0
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Fig. 2 Cross section after heat check test for SKH51
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(b) Underhardening
Fig. 3 Crack after heat check test for YXR3

3. 2 &

Fig. 49) SKHA1dl g (A4 29, () 3=y
& H2stH, (@ollME YAl ©halEe] HZo] go]
oS & 4 Utk X3 YAE g YAIY w@3e
o #XE& HAHREA dAFA HA QA g3 I I
A5 A& & F 31, 1 arE 2894 g4x
A el g BEY ok o] YL 49 2%
1200Co]7] &0l gatgo] F83] faixol 7]x] =3
s} Hokgk QAo HEHoE AMEH7 wZo|cl ut
Hell (b)o] Aoy (@eks 2@ dARcE A
AHEA FnF HEso] BXEHJD w@slEe =77
2 FJA4 By A Feof thEe] fiS-g IS,
1 olfE (a)eke g2 4% 257 110TE AL 4
P ASRY 1 257t @) o] AdEe W &
=7b war] g TITAZMY 4& dAMSE X
YU ool QAIAY @EtE HES Al m, @3
ol (a9 Aeinh &3 ¥Fo] AHA o R

o

_77..



EB}'-—' ?:}"Hoﬂ 0T '1‘36}7] IIH o]q.

Fig. 49 (o), (Dol Ve 2l YXR39 Z$-% wizd
AR (a), (b)) SKHB1Y Ao $d¥& &UE + 3l
o AL Z7E )Y dd =Yy F8rt 9 A
Ab 2018k Ao bl Aoz 73 ﬂi}%E )
el o}F ZaulElA ZTRH BXEol 9L & 4
Aok

e
SR T NG
PN T R T
R kY

,%-‘w —
i .- -
. \-“ : .j}f
REN ‘;.‘

il \Qw; .
“,‘;{ » oy ‘*s“_ i
‘x*‘x‘““‘*

l gl
"
lhs RN S )

(c) Conventional (YXR3) (d) Underhardenmg (YXR3)
Fig. 4 Microstructure of high speed tool steel (X1000)
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Table 3 Die Life for Each Real Die
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; Die Life
Material Method of heat treatment (blow)
conventional + nitriding 8,000
STD6! CNX 12,000
C.N.X + CVD/TIAICN 15,000
- conventional + nitriding < 3,000
SKH51 ; -
underhardening + CVD/TIAICN| 25,000
underhardening 15,000
YXR3 - -
underhardening + CVD/TIiAICN| 30,000
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