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On the Distribution of Temperature and Metallic Structures
in Quenching Process Considering Latent Heat of Phase Transformation
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Abstract

The analysis of temperature distribution and change of metallic structures during water
quench were presented by finite element method.

In temperature calculation the equation of unsteady state heat conduction problem consi-
dering latent heat due to phase transformation was applied to finite solid cylinder, SM 45C of
40 mm diameter and 40mm height.

In metallic structure analysis iso-thermal transformation curve and the equations “of evolu-
tion in pearlite-martensite transformation were applied.

The calculated results upon temperature and metallic structures were agreed with those

of experimental observations.
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Table 1 Physical properties considering structure

truct
Pmperﬁe:uc e Symbol Auetenite Pearlite Martensite
Thermal 1 29.14 35.2 39.94
conductivity
(W/mt) g 2076
Spacific heat 1 586,15 l 628,02 i 628.02
J/kg
Wie ) 2 614.06
Density 1 8 15E03 ’ 7.85E03 ] 7.85E03
3 —
(ks/m') 2 7.93E03
Latont ooat 1 - 75404 | 837E04
(J/kg) <o ,
Heat transfer
coefficient 2 9000
(W/m? t)
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Fig. 3 Mesh Division for Temperature and
Structure Analysis

Table 2 Chemical components and mechanical
properties

Chemical components

Steel C 8i | Mn P 5 Ni | Cr | Mo

sMa5C | 045|026 | 077 | 0019|0028 | — | - | -

Mochanical properties

Yield Tensile  |plongation| Reduction | Hardness
Hteel strength | strength of area
MFa MPa % % HE
SM45C 343 592 24 62 223
2-2 fE#aTh

SHEER Ee TR, @RMEslA el HE
& RERES o1t AS, BHAHEER
ol EEBEMRY ooz sFslel

FIAREHER RO A A & ez vol e
mmo = By, el EHlel doid et s
HEE ) whek NoWe) fgo 2 sigEgtel. 7 4k
o] (A EL & (r=12 -, NE 3= Mk
KIS 8T pEM BB « v BAEHC
2] 5}

I’r);xrfr. X&.=1 I'=1,2, ++ N--(6)

2 FmE o dch
T AR oleld 2o suHelERY

B T2 2elo]E (troostite), HPele|E £ =4}



o] E (sorbite) o2 s (HRMES 2o
2 o] Bl 4 sjelzle] ER ##ESLE AR,

2.¢ 2u o] EEY-E] o] vle] E (bainite),
mlE ylAlo] B BEEE 9 ¢ AH|ule|Eol4] upE
Bl 4pe| B8 #Rest e AR ohdbsk e

# #8852 BT (equation of evolution) o] )
o] 4% Johnson 7+ Mehl &] #2& F|H 4 Inouc
7F RREEY SM 45C JRFESHM ¥ AL @A E
don 2 FEAL vt 2ef

& =1 —exp(—Vs), for Gus<O=<lr ---(7}

Eu=(1—&) (1 —expi@ ()] --mrrees (8)
S %f(g)t‘ ........................... 9)
6.8 8.2
6—380Y (720— 4@
£(6)=0.173( e )( e ) a0
#(8) = (—0.544 % 107* (fus— 6) %,
fOr(ams_e) 5—77
11)
—0.231% 10~ (317— )
for (6us —8) > 77
§A= 1 —&,— ................................ 12)
714 &, &, Ev 24z @ 9 ~H| ol E =

odelo]l & gl wiBH A}e| E Q] fhfarRe|n, £
+ Hdelo| EMAETE A2 0 e LEve]ES]
nl2 gl4lo] E R #Rst ¢ WESE T A
2lo)E 2] o Helct 1B)aL 6 ¥ bust F
# VTR, v o)l Alo] =A%TE BARARIET S &
% 720C. 380CE 8l Al4lsigdcel A2 A

- BEyE TEETE/Vol. 6, No. 4, 1984/49

bk Aell glel 4] Inoue %2 50% 7lolule] B4F
HeREh-s WAkl o, & WRl A A=
Vel 1% S delo) ERMEM MR sl &
i EEAR IR ©) TREESL KIS o2 Rshed of
£ FiAst B 1S &&F BWHEAA 4 4
Bt AR e naitdvl. Fig. 5+ #18kz2e] af
B sdelelE 1%, 50%, 99% 2| {Rif e
I3 st Aelek

3. BR Y FE

Fig. 5+t KN AR+ r=11mm, z=1mm
o] A6l 4 &2 AR FEM| 2|5}
T M@l HHmEE g Aelok
FEMoll 913t MHTAL B #RRs R 2 sl
I oges o £ glow 1 Aell: 4 MyHIERRE
ol AH 4 50T ol Well B T MEIEER] 62
o] Foll 3. afole FoER Uch

Fig. 6 & r=11mm2] $1]ef 4] AH fio 24
e FalRrla) g rel 2 mAldRa el Wb
2 HRE Aelel, z=0mm) AELLD Ml A=
wl g MyEIEER °1ﬂ°4 k2] odgFe] =A o
Ehubx] F o) chirffie B @] ddd
A8 A ez 2led o 4 k.

Fig. 72 r=11mm2] £ &Jell 4 diyFyiEge] =&
RENE-E el ZAelnl, AHTMREL 1
2~ 5 & zhllz R B RISl MEEL

800 [

700 [

600

500 |

Temperature (T)

400 Pearlite 1%

Pearlite 50%
Peurlite 99%

N NN [ Ry | vz v syl L1 .ty

10°

10! 10" 10

Time (sec)

Fig. 4 Isothermal transformation curve for SM 45C
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