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Calculation of Jominy Hardenability Curve of Low Alloy Steels
from TTT/CCT data

Minsu Jung*, YoonHo Son**'
*Heat Treatment R&D Group, Korea Institute of Industrial Technology
**Yudin SMC Co.

Abstract Jominy hardenability curves of low alloy steel containing less than 5 wt.% of alloying elements in total
were calculated by applying Scheil's rule of additivity to pre-calculated isothermal transformation curve. Isother-
mal transformation curve for each phase in steel was approximated as a simple mathematical equation by using
Kirkaldy’s approach and all coefficients in the equation were estimated from experimental temperature-time-trans-
formation (TTT) and/or continuous cooling transformation (CCT) data in the literature. Then jominy test with sim-
ple boundary conditions was performed in computer by applying the finite difference scheme. The resultant
cooling curves at each location along a longitudinal direction of Jominy bar were applied to calculate phase frac-
tions as well as mechanical properties such as micro Vickers hardness. The simulated results were compared
with experimental CCT data and Jominy curves in the literature.

(Received January 9, 2019; Revised January 17, 2019; Accepted January 24, 2019)

Key words : Jominy hardenability curve, Low alloy steels, Phase transformation, Hardness, Simulation

1.M 8

Ach
rr
o
X,
o
U
=)
>

(tempered martensite)ekal &
Z215 Hojdlith. o)A Y vz Tesl Hols E4
38 AAEE AF FF B =719 WA
Wztzze] wet Wz A2rt depA seol A
UellA B33 22 AX|A 7] vzl
GxE] & 54 59 3 HoE dARelM= A
sks AR &Y HIZEZ} de] o]8H o)A gk
TCorresponding author. E-mail : yjsmcoo@hanmail.net
Copyright © The Korean Society for Heat Treatment

tHL, 2]. o] HIZES Fa] &rY ks $9(E
i &Y )] fojAlst, o] 4L =elo]
4 F 9 A0 MW B 249
ol tiell &7y A, = W2zl e AAHY
A=RskE Yehdnh

ASTM2550014 AAE 781 FrY HIZEoA
< A% 25mm, Z°] 100mm®] &S IH 2
Toll g ARE fAsl] e mEUe]ESRE & 2
o[kl 9k & o] B-S WAMIA FAIZIC
ole] we} FHCRRE AUY o A
uhe} Wzl o] 2lolg WANTIAl AL Zo] Wk
o] Z} ixelA wixlEZ ot HelsiAl Ht.
A= #&vY v FHogNE ] AR L ¥ F
700°Collx1e] =3t W37} Lo FRERA mlM ARt
Aes ze yepd = g " ol wel,
AgHol SRS B3 WAFE W 53
91R]e] WEET) Ao 1 R mlAA

A2



r
]
et
@ %
)
< 4
Ei
a4
i%

[

N
Oﬁ d

37 ITH3)
Y T AN AR Hek X 22

SmCarb AZEOlE Just[4P} AXE 3H
S AREsi] &Py F48 ARklslal o) 3
%J_iu}‘?d aﬂﬂ"ﬂ ol-g3tar Urt. TS
Foll & ol F

o

)
Jz
]o

fo )y o> ottt T o o il i

—{E N _lo‘,

o, —

t ﬁ

- 2

o
o
H:]

I ;Y

=g
ofl
3‘3
Y
o
9
i)
H
Jm
o2
RS
ﬁ',

o 32
2
1

- J\l
S
b

l
(o]
rgl:
i
ra
B
- o
o
o,
ol
il
)

;
ok

a3 )
o e 50

£ agHon ;Lwo]— e ﬁ% El 1 oIt

rlo m
in]

JolEE 25 As- A% H2 We olg
2:51_ }J;QD:} O]—‘—[E]ZO /\]»9—2;:_]‘ -T- /\)\:11 % ]}\:1—1‘
2 olol] e A7 Auprl By QloHe). e

u olejgh Wox= F9E a2 WellA
% Aol Bsaiche okel Stk Ee Almg ¥
Aol @ e PAEAS sefslnd she
°5]X] Fo Fo HEEY §
W] vlofe] gz}
A B 24 9 B 99
tlolE7F dastAu Al 374 5 A8k o

& AME, g S0l Fe gAele] A9, A
A ol g AFAs slHo] W2 o]R0)Ax)
F3kar Qlvk. v Fsiapso] o] HRE] Bol Alegh
WAL e SEE opEsis xRk
(temperature-time-transformation, TTT) Tho]o{L
o}, <& Wz} WEl(continuous cooling trans-
formation, CCT) tho]oi138-&- o]8-5le] w2z}
BAEE S8k WAECItH7-9]. B A7AE
ofaf 2+ ddell gk 53k TTT/CCT o817k
Naqx-l_i zx%go] Z;Hg]o] 9}01::1 1 o) o]-‘:—
tlolBlE 574 sab7] 913 meEo] Bol szt
jEdoZ AlFEE 922 MatPro A~XESo]
[0f= AFAee 248 TIT Heole g $433)

2 zA9 AZIEES TTT/
CCT AARE 333k g}, 28y AAgE o]y
g A ESJolE o] fale] ek dxE] & A& o
Z3 2o AmE a8 B8R e ofe Akds
o] Ao} AvEo] e Ao=E AZH)

oA &rY o] 7123 dlolEu]e]2R)
TTT/CCT tfeloj1is} 243 dA} 9;13’— ¥zt
AR A IPEEHA BofFr] Wizl v 583
dlo[efeltt, 2 GjelEopellA ool thgt &ﬂ%— E

2OS FH3ke o] Fosh, 13 HE F
2mtES) FAd uhet GAe] 7)o il T8
3 ulglo] Hrjar oA, B Ao TTT/
CCT toloj1sis o]83l] Wks Edske &
o] A e Faal ®o) flal 2] 200970
o] TTT/CCT HloJElE £4J3}4] Kirkaldy 212 7|

FE F3lAL[8, 11], olE 7I§ke=E Fof Auie] 2
Y 24 ARe AlEsich T3, Akt 2
£ 34 &vY HZAE 9 CCT toloj17i9]
Az} vlwse] 1 A HESIIT

ON

2.

%

0|4 dsks

a
]

Mo Al

Fig 17 o] 54 249 dFel tigh &rY
209 kel Pae B g e
43 e2HUe|ES) 2% 9 FAARES AHS

o 9 24 2 gAe) 202 vigow Has)
A TTT/CCT HlolHE Axtste] Hlole] ulo]2xo]

A3}, o] AAZAY A Fourier HFEEANS
31, A1FEY 1 mm 7HHL
297 A AR mE LEislE Aake, w8
tlofe] Wlo]AZRH AR TTT dloge 7t
WA Zg3lel uel S AN F ANE
7} Ao &l dske Hl [EfHlo]2=e] dH%
98 T BelH @S o] YEe
UFQ At Z<Ellof| A Founer g «] *oL’FOJ] ol
AHE}, sl 1 =7te] %9 7} 7L Aol Bgo 7
AH meol Jdte] 1 %7k L=olMe] 7} 45
o] JEAT 9 AeE ALKt Wago] F55
W Zo Al 2 APl A% dEe) FR
9 1, Telm 24 4o Brdst BuAERY
Azxoz Nz JuYwst Aeg AN &

l~ﬂ



TTT/CCT dle]e}E o83t #|3h573e] v A3ts =

=4 AR 19

TTT diagram
Phase Diagram

Database Thermal conductivity
Heat capacity
- Phase Thermal ;_1
B Fraction conductivity -
v Output

Fourier Equation

Temperature |
'/ Phase
Fraction

Phase Transformation

Scheil Additivity Rule

Temperature
Phase Fraction

strength

Mechanical
Model

Linear law
Power Law

Fig. 1. A block diagram showing a procedure to obtain Jominy hardenability curve corresponding to specific input

conditions.
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Fig. 2. A schematic diagram of Jominy test: (a)
simulation; (b) experiment.
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Fig. 3. A calculated TTT diagram denoting the domain
of each phase of SCM415 low alloy steel.
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Table 2. Composition of low alloy steel and heat treating conditions used in the calculation

Grade C Mn Si Ni Cr Mo \% T (°C) t (min)
16MnCr5 0.16 1.12 0.22 0.12 0.99 0.02 0.01 870 15
50CrMo4 0.5 0.8 0.32 0.11 1.04 0.24 - 850 15
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Fig. 5. (a) TTT diagram and (b) CCT diagram of 16MnCr5 Carburizing low alloy steel.
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Fig. 6. Changes in phase fractions of martensite (red),
bainite (blue), and ferrite (olive) as a function of cooling
time between 800°C and 500°C in Jominy bar of
16MnCr5 steel (dot for JMatPro, solid for this study, and
symbol for experimental CCT data).
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Fig. 8. Comparison of experimental cooling data from
CCT diagram shown in Fig. 5 and calculated cooling
curve at jominy distance of 13 mm.
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