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Abstract

In the present study, the mechanical behavior of the spray-formed high speed steel was investigated employing
the internal variable theory of inelastic deformation. Special attention was focused on the effect of the
microstructure evolution during the hot working process, such as the distribution of carbides to provide a basic
database for the production condition of high speed steels with excellent properties. The billets of high speed
steel ASP30TM were fabricated by a spray forming, and the subsequently hot-rolled and heat-treated process to
obtain uniformly distributed carbide structure. As noted the spray-formed high speed steel showed relatively
coarser carbides than hot-rolled and heat-treated one with fine and uniformly distributed carbide structure. The
step strain rate tests and high temperature tensile tests were carried out on both the spray-formed and the hot-
rolled specimens, to elucidate their high temperature deformation behavior. The spray-formed high speed steel
showed much higher flow stress and lower elongation than the hot-rolled and heat-treated steel. During the
tensile test at 900°C, the interruption of the deformation for 100 seconds was conducted to reveal that the
recovery was a main dynamic deformation mechanism of spray formed high speed steel. The internal variable
theory of the inelastic deformation was used to analyze data from the step strain rate tests, revealing that the
activation energies for hot deformation of as-spray-formed and hot-worked steels, which were 157.1 and 278.9
kJ/mol, and which were corresponding to the dislocation core and lattice diffusions of y-Fe, respectively.

Key Words : High speed steel, High temperature deformation behavior, Inelastic deformation, Hot working,
Activation energy
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Table 1 Chemical compositions of a spray formed high
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temperatures from 850 to 950°C.
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Table 2 The constitutive parameters for as-spray- Table 3 The constitutive parameters for spray casting
formed specimens alloy after hot working
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Temp. (°C) - P y . P - J
log o log o p () log o log o p
850 2.96 -2.32 0.15 850 2.96 -2.01 0.15
900 2.93 -2.16 0.15 900 2.93 -1.51 0.15
950 2.91 -1.72 0.15 950 2.92 -1.03 0.15
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Table 4 The activation energies for as-sprayed and hot

5 Enoaman @mﬂﬂiﬁﬂ%ﬂimﬁw Naﬂme.ﬂu%
G T A TE OB T oK o= 0 T W ® S __
£ oo o S R S T e
S o X = G2 T 11_ deﬂ” Lt E‘# OE X0 . Enﬂ o
— T~ wn vl —_— ~ —_ ~
< %o T X Mﬂo_o _ N %o oA‘D|7o
S <o pr = H o BT L N o COE
5 ey Sagar R N _BH oW g
> = Ho‘u| o ok W o & AooW7_1_.W€o€w)o.o E_ a_ﬁaﬁ
— ] 0 Mo oF = ~] T =0 o T
= » X N e} i ~ XX = > o 4 olo
S o = — & @ N & M o o o N5 gl oo
2 £ M= =o B B BE e g ) oy Mo
ul S £ 2 o B o % W T o 8o o BN
21258 s£35 o (B38| Lahlw BB _dsqg Twicy @I
#lo/alkN R ﬂoM AW{W%N_%WMm%ﬂr 7 o )
ne 2. O 8o ol =5 T,
g m% 5 ﬂﬁwmiﬂ xogmmdr.yﬂeﬂ@ﬂLmﬂﬁ%wm ﬂo%%%%
& . Ct AW I NSRS RN o _ oo R
= s§< g Budg ohF N RaTXTER _wmUF,
g - B | XEET . oo, TE sk, BFTC D wa
o| €| 3| £ S5 @ 2 <) < o o oo o O oK =
2IEIEE S EE |52 0 52w ._qﬂmwahﬂ eHTREE gl dmt
5lgls|2| =glud |g5g_2 maTTow Mzﬁﬁgm%ar%ﬂo%%%ﬂ S S L
& > 5 F9s El2els 5 Huohwmwm Tlg =@ Fx Ko SR ny
m.H o m_.n__w%.%.mmm . HTQ_OHE 24\_6|ﬂﬂ1_|1__/|izoi_.ﬂl..ol_lz.oﬂl.ﬁ_ﬂ/lmhﬂaq
Als| = |2'tls|s|elz8 Y, T 2N El Ly ARELE NS e
ol E = S .|| 2| 8|8 e = N oS TR AN AN 0 B BT o oM TN
G g <o @<L § T A7 TPEBTT T RBENDES X WT 4
> ﬂ@l%ﬁ_oﬁo%aﬂmm_tmﬁﬁw%ﬂmﬂw% o W M
< o BT T 7K KA K BT T
_ ©F =2 oPeadamidzim o Pee 2 ws0
[%2] - o = ! i =
o Ht]me] o =
R ST E SN FE S F TN .
X 0 N o 0 4 — N2 T -0
,mm ﬂAT%HﬂEmm_oim_xwx»ame%%L_AEHT.EMHT%%
o b HEPToaoRTPRE _  mT T g Ty RT
85 mrFEMae=0 XP® molap A TE s, 0
c £g8 F N TR AR e By PP
= S 2% HoumaniitRd  Lx° PRpi® AR
is g © 3 e o i) & o B o dFE g TR o
53 8 g% T MA_ Tl on L Hgwd
. T 58 VR g i iR 8admala ey RS
5 2 5 & g.s%o_ﬂm@y%d%ﬁ%%&ﬂ IRl
72 g 2 ©F 5 T 2 T B LR A T gy DS 2
2= o = TESR lﬁaﬂﬁwﬂ m.ﬂLﬂPoLﬂ_ﬁoTﬂﬁLdﬂgalﬂoo
55 ®uw T bT . BaanEBI_ g AT
e 2 Tl L s BEHR TR IET TR gt H®
<] X m o = , .5 J_/|J|> G 1
i ff TITRBeSsd < Bgses PIPCuAT
n 3° < 8 ﬂﬂﬁzéﬁog%\W%%WW%@%%%@Q%#%
—~ ! X : < <] U o e EGie] 0
3 SHUT TRy e RN g P laenT o
& TR HTEN ] R gy Tt gt owm
i R AT ) %o ok ol e E IR L or N RN WM R Gy

k. ey

<
T

5

)=]

Azel

[e)

.

1 21(3)

o

b v

S

Il
N

ZHAIA]

=

=

o]



- A

el

[e)

300

128

B
~ =
= KX .
FE w3 TS E kg
o n ma]Sﬁ]Lﬂyﬂ
KHE 7 W W E o E D H
oy T E o R 5l kﬂao.”m@mox
_,i ~ ﬁe n_ g 11&QL.0
" Mo o o B o= 5P = T N o
g N PEEE SN g T w BT
S N TO oy i N ~0 Q]mﬂﬂa N n-
w =) N = zoﬁi =T o 0|
T ) . ) Erl B W ‘_mﬂ —_ ) \UI ‘U| =~ vai —- 5.0 T w HI
T _ |W wnmv 5 9 m_mH.,._i i Og‘m_/ JXI,].MAP]7
5 £ 58 IR R wwoﬁﬂ%g
2 5 g o ~ T mﬁLAEﬂr — B dm_éﬁa_@rﬁ
= = . S ® % ot“%é.@ m_w7w@ W ﬂMWMT%mEﬂ%ﬂ
] — (5] 4= — = N ~ s _Jl
= z i = e 3 X% B! o o n > Mo 1] .AE M i 8 ﬂEJu‘mw_ o
= — ) 0 i ~N
7 |2 s | 53 =W o WX %z%ﬁg%ﬁ_;bﬂmim@
< = 2 c o o N ol X = e P @ﬂ:ﬁo By o
2 us.mw oo ;n,oatjl% ol ﬂ%%%ﬁ% ]ME%
5 5 2 W oRr Ho oy X g & Mo N s =
5 - - te) i+ P - 5T B
SRR g EE Mmgaag%%@@ﬂw
; E 3 Man ﬁﬁ%_%%no ﬁo?ﬂmmﬂm dﬂoﬁriﬁa&m%
; R - ; *
2 EE 42 gaiw%qagaﬂzﬂﬂga% g
= o) — . =
s SM Meﬂ w_lomﬂmuooEMMHT_ﬂoiﬁﬁoaﬁp?_LtOtw_,ﬂn_AIVa
32 - R C i ok o = &
S5 il o= N L AR - LSS
S iy TR & =
2 ol o To T D W
=° © 4 ) XK 8 ; B Hoﬂmﬂ‘_ﬂ#on
1 ) = ) g TR X
. 2 ) = o £ 2 MR g
- - LL o S 0 o;oﬂ_wmﬂ
i (edw)e ol = o O " =
Rl ﬂoﬂlﬂﬂm.]ﬂom
e _ 12 e LEMM%%WﬁEm
: ‘T oo o 5 7 =~
5 £ STk o
@ Y— O o = ;OL ‘._ml,mog.._,:ro
: S i S 13 NS HLIFI%A.OI B
_ _ g @ g5 RN o E &
= 0 X =0
T 8 ® W% 1V HE.E 0
¢ 8 - . = ﬂ%ﬂfi%ﬂﬁ.
O \k\\\|\|\ o O z 7w £ & A%%%ﬂl%ﬂmﬁ
3 S < = 5 8 o : o
8 3 8 : S o= R
19 c o " 5 132 5T mﬂmﬂﬂo% =) =
= c & Wrm T ww ﬂm‘_ﬁﬁ.#:._ﬂiorw_/w
= “F o 3E 5 ; g
] .Um | 2.8 i %% _ﬂx_uuo_wmiw_7 m_woﬂ,mo
= 1: 28 ° 58 T, jﬂ%gﬁe
3o 2 B g8 ) vy meovmnmﬁolawmo%
&E I3 = 3 S _ X %o Wo B oF ax
20 % $% L = [ ﬂMﬁdVﬂ,uTﬁa N
By N il X i
ﬂb _ - 2 o ﬁaﬂm T '
S B . ) o R ® <
: E & : (ed) 2 F
_ - R ) <
s 8 & @ )
& Am.n_s_vb L



F b Al Blaste] L fEede BolF
AL, o] WYPLLE FAL 3| Folgte= WY}
T2 dolds Wy TEAFES Sl gelstsltt
Z 7|
2 AT e A EAAE R (FAHE 10063143) 9
ATl APow s, o] FAL=HYTH
REFERENCES

[1] N.Raghukiran and R.Kumar, 2015, Effect of
scandium addition on the microstructure, mechanical
and wear properties of the sprayformed hypereutectic
aluminum-silicon alloys, Materials Sci. & Eng.,
A641, pp.138~147.

[2] J. G. Zhang, H. S. Shi, D. S. Sun, 2003, Research in
Spray Forming Technology and Its Applications in
Metallurgy, J. Mater. Proc. Tech., Vol. 138, No.1, pp.
357~360.

[3] P.S. Grant, 1995, Spray Forming, Prog. Mater. Sci.,
\Vol.39, No.4, pp. 497~545.

[4] G. Robert, G. Krauss, R. Kennedy, 1998, Tool Steels,
ASM International, Materials Park, OH, pp. 1~42.

[5] G. Hoyle, 1988, High Speed Steels, Butterworth,
Cambridge, pp. 1~56.

[6] M. Boccalini, H. Goldenstein, Solidification of High
Speed Steels, Inter. Mater. Reviews, Vol.46, No.2, pp.
92~115.

[71 Y. W. Chang, E. C. Aifantis, 1987, Constitutive

Relation for Inelastic Deformation, Proc. 2" Int. Conf.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

129

on Constitutive Laws for Engineering Materials;
Theory and Application, C. S. Desai et al. (Ed.),
Tucson, AZ, Jan. 5-8, pp. 293~ 311.

T. K. Ha, Y. W. Chang, 1998, An Internal Variable
Theory of Structural Superplasticity, Acta Mater.,
\ol.46, No.8, pp. 2741~2749.

H. S. Lee, Y. W. Chang and W. Bang, 2004, Effect of
Slip System Transition on the Deformation Behavior
of Mg-Al Alloy : Internal Variable Based Approach,
Transactions of Materials Processing, Vol.13, No.6,
pp.535~539.

AV. Virkar, B.T. Jackson, R.A. Cutler, 1989,
Thermodynamic and Kinetic effect of oxygen removal
on the thermal conductivity of aluminium nitride, J.
Am. Ceram. Soc., Vol.72, No.11, pp. 2031~ 2042.

J. Kucera and K. Stransky, 1982, Diffusion in Iron,
Iron Solid Solutions and Steels, Materials Science
and Engineering, Vol.52, pp. 1~38.

D. W. James and G. M. Leak, 1965, Grain boundary
diffusion of iron, cobalt and nickel in alpha-iron and
of iron in gamma-iron, Phil. Mag. A, Vol.12, pp.
491~503.

Seok-Jae Lee, David Kidder Matlock and Chester
John Van Tyne, 2011, An Empirical Model for
Carbon Diffusion in Austenite Incorporating Alloying
Element Effects, ISI1J International, Vol.51, No.11, pp.
1903~1911.

M. F. Ashby, 1970, The deformation of plastically
non-homogeneous materials, Philosophical Magazine,
\ol.21, pp.399~424



