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Hardenability Calculation of 20CrMnTiH Gear Steel and
Control of Narrow Hardenability Band
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Abstract The calculation method of the nonlinear equation is used to calculate the hardenability of 20CrMnTiH steel,
and it can only be corrected by the actual production data, and can be used to calculate and predict the hardenability accu-
rately. The deviation between the calculated value and the measured value is not more than 2HRC. By chemical composition
design and control 20CtMnTiH steel , it is to ensure A[ C] less than 0.007% ,A[Si] less than 0.04% , A{Mn],A[Cr]
less than 0.02% ,A[Ti] less than 0.01% ,A[ Alt] less than 0.010% ,[ Ni],[ Cu] no more than 0.05% ,[Mo],[W],
[ V] no more than 0.03% ,[ P],[S] no more than 0.020% ,[N] and [ B] no more than 0. 006 0% and 0.000 5% re-
spectively ,and the control of carbon segregation index is less than 1.035% ,the end quenching can achieve the international
advanced level of the permeability of HRC4 bandwidth control.
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Table 1 Requirement of Chemical component of
20CrMnTiH steel’/ %
C Si Mn P S Ct N Mo Cu Alt

0.17~0.17~0.80~ =< < 1.00~ =< = < 0.015~
0.23 0.37 1.20 0.0350.0351.35 0.25 0.05 0.25 0.060
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J,=(4+212[C]*)/(0.1+3.2[C]*)-2[C] @

C,=M/5 +3[V]/(1 +3[V]*) + (4/3)
([Mo] +[W]/[1+([Mo]+[W])*] ®3)

C,=4+[(170[B])*/(1 + (630[B])*)]/
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E,=[12/(5+G)][M/12 + (M/8.5)* +1]
[1+25[C]*/(1+5[C]*)] (5)
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(4+[Mn]) +8[Si]/7(5+[Si]) +0.3[Ni](5+
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[W1)*]1+[(170[B])*/(1 + (630[B])*)]/[[N]
(0.15+[C])] -[S] +[Cu] (6)
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Table 2  Defined values of main chemical elements of

20CrMnTiH steel/ %
H C Si Mn P S Cr Alt

1 0.21 0.26 0.8 0.015 0.005 1.06 0.030
2 0.22 0.30 0.90 0.025 0.008 1.10 0.045
3 0.20  0.20 0.82 0.012 0.002 1.02 0.025

R3 RMEEMETHE
Table 3 Calculated value of end-quenched hardenability

‘ il i 2 3 THER
&4 5% 5E #0.005 0% F10.000 2% , [ Nb] F&id J9(HRC)  31.7 3.9 29.3 29 ~3;
BARFTHE, RAERENR TR, REXMNEEA¥TT NS(HRC)  25.7 28.1 23.9 2 -27
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Table 4 Melting composition of tested steel,3 heats/ %
w5 C S  Mn P S cc N Mo Ti Cu W v N B Alt

A 0.200 0.27 0.85
B 0.208 0.25 0.86
C 0.210 0.26  0.87

0.016 0.002 1.07 0.02
0.012 0.002 1.07 0.01
0.012 0.002 1.06 0.01

0.01 0.06 0.01 0.01
0.01 0.06 0.01 0.01
0.01 0.07 0.01 0.01

0.01 0.0048 0.0003 0.030
0.01 0.0042 0.0002 0.034
0.01 0.0044 0.0001 0.027
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Table 5 Calculated and measured value of end quench  Table 7 Target and control range of chemial composition of
hardenability 20CrMnTiH steel
sl i+#{E (HRC) EW{E (HRC) Xt tAE (HRC) b =] C Si Mn Cr Ti Alt
1, s, 19 115 1,5 15 HB#: 0.203 0.26 0.8 1.06 0.06 0.030
A 31.9 25.8 30.5 24 1.4 1.8 ¥ +£0.007 0.04 +0.02 +0.02 £0.01 +0.010
B 31.0 25.0 29.5 22 1.5 3.0
C 31.6 25.5 30.5 25 1.1 0.5
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Table 6 Calculated and measured value of HRC hardness
of end quenched hardenability by amended equation

gy _THHE(HRC)  SKMIfA(HRC) —_ %fif(HRC)
19, 15, 95 N5, 195 N5,

A 30.4 245 305 24 0.1 0.5

B 299 236 29.5 2 0.4 1.6
C__ 301 242 305 25 -0.4___-0.8
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Fig.1 Comparison between calculated and measured values of
J9 of 20CrMnTiH steel
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Fig.2 Comparison between calculated and measured values of
J15 of 20CrMnTiH steel
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