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Abstract: The thermal expansion curves of 20CrMnTiH test steel with three compositions at different cooling rates were
measured by DIL805 type quench deformation expansion instrument , and the microstructures at room temperature were
observed, the continuous cooling transition (CCT) curves were drawn. The test results show that the composition fluctua-
tion mainly affects the cooling range of bainite and martensite phase transformation during the cooling transformation of
20CrMnTiH, and has little effect on the critical phase transformation temperature. The kinetic parameters of martensitic
transformation of the three test steels were fitted by using K-M equation. Combined with the optimized Li empirical model
and the regression equation of critical transition temperature, a prediction model of phase transformation prediction model
of ferrite, pearlite and bainite during continuous cooling of 20CrMnTiH was established , the influence of composition fluc-
tuation on CCT curve of the test steels were predicted successfully. Furthermore, the end-quenching simulation model of
20CrMnTiH steel was established by finite element analysis method, which can better predict the influence of composition
fluctuation on the hardenability of the test steel. This method can provide reference for the composition optimization design
and material selection of gear steel.
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Tablel Chemical composition of 20CrMnTiH steel %
45 C Si Mn Cr T P S Ceq
1" 0.19 023 0.89 1.12 0.07 <0.02 <0.02 0.571
2f 0.19 026 097 1.15 0.05 <0.02 <0.02 0.586
30194 028 1.03 1.17 0.06 <0.02 <0.02 0.608
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Table 2 The critical transformation temperature of ex-
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perimental steel C
LB Ag Acs A, Ay
1* 743 846 674 769
2f 747 840 677 764
3" 746 859 675 764
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Fig. 1  The static CCT curves of 20CrMnTiH experimental steel : (a) 1*, (b) 2%, (¢) 3*
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Fig. 2 Microstructures of the three experimental steels at different cooling rates : (a) 1*-0. 5 “C/s, (b)2*-0.5 °C/s, (¢)3*-0.5 °C/s,
(d)1*-6.5 °Cls, (e)2*-6.5 Cls, ()3*-6.5 °C/s, (g) 1¥-45 °C/s, (h)2*-45 °C/s, (i)3*-45 °C/s
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Table 3 K-M equation fitting parameters of experimental
steel

SH BB 33°Cls 45 °Cls 100 °C/s (Y
# /K™ 0.02006 0.01558 0.021 57 0.019 07
Ms/°’C 391.7 4073 378.1 392.366 7
" /K" 0.01667 0.01393 0.020 87 0.017 157
Ms/°’C 397.8 397.7 365.0 386.833 3
y /K™ 0.02084 0.014 48 0.018 68 0.018
Ms/C  402.1 413.1 379.4 398.2

Trzaska 55211 300 5 8 5 J2 7% FH 40 41 19
CCT HHER, 57 1 A Jl o0 0 il e 74 3 B 1 [l )1

K (IR SLE N A H-S S RE A IR2E
H-0.5% ~ +0.4% I E LKW H BRI, R (8)
TSN A (A 5 LA AR 22 0 1% ~ 3%, 1T
B R . RHE(9) 5 (10) T SL A 1) Bs
& Ms {85 L5 AE 1R 22 /N T 6%, Bs THAAE R A,
Ms THAAE A R o PR, AR 236 5 SR X [ )9 56 ZR =K
HEATIE B IE
3.2 CCT i mim

IO FH 1A R AR AR A X 3 1 = 20 Wi 40 S 56 4 ) i
SRV HN A M R AT T . T i £k A il £k
X HCEE SN 4 P s o FEARRI AR R R ik DL
PR 5 Ty R A A 331 0 B[] 5 52 600 2 s ] 1) AH
X 22 /N T 5% TSR AT L) sz et 4338 2 %
DU LR AR ZZ X B 52 ), 5 5290 45 1A R 4719 — 3K
Pk BRIIL, I FH AR5 4 37 08 $0300 A5 780 T s > CCT iy
£ PRI E TAE, 9 20CeMnTiH 45 %6 14K 9 2B 1
A HARAIE S
3.3 FHAETRIAR Y () R

RS A I T g e IR A R N K S
CCT B #EAT [0 4300, 48 Hh 17 B IR DL Ak
N o N L 2N /N W VA
ABAQUS IR FF K H A W 5T 143 19 20CrMnTiH
R A A 0 A AR R ] AR AR R A 7 G 5, X 17
3*SIZ I A A st YA 2H 405 0 R AT T 434, &5 SR

*KFZ: B 5 BT o HH S50 45 5 vl A, 7E I v VAR 3R v T
A, =739.3-22.8C—6.8Mn+18.2Si+11.7Cr—15Ni- 1.5~10 mm, 385 1F 520 345 B &2 1 1 [C A 2 41
6.4Mo-5V-28Cu (7) e Y 2 T Rl 500 B R 13, LA o 88 A VA 1
A,=937.3-224.5C"*~17Mn+34Si-14Ni+21.6Mo+ P 177 0235 SR AT 2R, S VARt R S 30 550 3 %) o 5%
41.8V-20Cu (8) 58045 B A R 7 8~11 mm 1) Uiy PR B 15
Bs=752-223.5C-55Mn-21.6Si-46.8Cr—36.9Ni— N, T G A A A B 5 R B ) T 48 SR — B I 22,
47 4Mo-70V-11Cu (9) ] P25 X IS B S RARA AR S HOETIE IE
Ms=532.6-396.7C-33Mn-1.4Si-14Cr-18Ni- Zi b, I Rh 7 B RE RS T B4 20CrMnTiH 5433 3)
11M0+49.7V+31Cu (10) X VE RS20
900 900 900
300 (a) - 200 (b) 800 | (c)
700 e 700 t 700}
& 600 T //" & 600 & 6001 ‘
# 500 =g 4 # 500 8 500l o
400 e e 400 400} —
M- e M M
300 N 300 3001
200 200 T 200}
1007 10 100 Tooo 1007 10 100 Tooo 100§ 10 100 1000

B [E]/s

B fEl/s i [8/s

4 SZESETRIN CCT M2k 5525 ceT 2R ARt L - (a) 1%, (b) 2%, (c) 3

Fig. 4 Comparison of predicted and experimental CCT curves of experimental steel : (a) 1*; (b) 2%; (¢) 3*
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Fig. 5 The measured and predicted results of experimental steel : (a) end—quenched mircostructure, (b) hardness
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