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Simulation and Test Validation on Die forging Process of
1Cr16CoSNi2MoWVNDbN Heat-resistant Steel Ball seat
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Abstract: The dynamic recrystallization behavior of 1Cr16Co5SNi2MoW VNbN heat-resistant steel during thermal deforma-
tion was studied by thermal compression simulation experiments. The effects of strain rate and blank size on the die forging
process of 1Cr16Co5SNi2MoW VNDN heat-resistant steel ball seat were studied by Deform 3D finite element numerical simu-
lation. The results of thermal compression test showed that the critical deformation of 1Cr16Co5Ni2MoW VNbN heat-
resistant steel was about 20% when full dynamic recrystallization happened and the phenomenon of mixed crystalline was
not obvious. And increasing the strain rate was conducive to obtaining a more uniform structure under small deformation.
The numerical simulation results showed that with the increase of the strain rate, the equivalent strain and equivalent
stress in the minimum deformation area of the die forging increased. And With the increase of the diameter of the blank,
the equivalent strain in the minimum deformation zone of the die forging decreased, and the equivalent stress decreased
first and then increased. When the strain rate is 0. 1 s, and the diameter of the blank is 60 mm - 65 mm, the engineering
strain in the minimum deformation area can reach more than 20%, and it had good forging formability. According to the
numerical simulation results, a blank size with diameter of 60 mm and height of 74 mm was designed to verifying the form-
ing of the die forging with strain rate of 0. 1 s™. The forgings were well formed, uniform in structure and hardness, which
verified the rationality and feasibility of the numerical simulation results.

Key Words: 1Cr16Co5Ni2MoW VNbN Heat-resistant Steel; Numerical simulation; Die forging forming; Deform 3D soft-
ware ; Dynamic recrystallisation
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Fig. 1 ~ Schematic diagram of the workpiece of 1Cr16Co5Ni2
MoWVNDbN heat-resistant steel

R 4l 3K T A4 09 RS IZIR , 7E Deform 3D #2452
T H Ay B ST TR R R SE ) SR LAl B A, 5
X JUART 55 7Y 3647 09 4% Jal 43, T A% 4 KR 1Cr16Co5
Ni2MoW VNbN i #4445 44, b 854 5 44 Kk ik 1]
HI3 80, AN LR ORI 7S T A4 4 4
A6 0 LR AT AR K] 43, Rl o 4 o R BT R
511K 188 090 >l 176 000 4>, JL AR 455 71 K Sl 43
AN 2 e .

Q)PS5

R 3 3 B AR b e} AR A S
5 RAR B  IERE S B 6 R R IR B
FAAZE b S R B0 AR N I AU S0 g
i) 5 o0 2 . AR I M RE S 00T DL i A
SERAF Jmat-pro HEAT A, 4 14X Jmat-pro 11

%1 1Cr16Co5Ni2MoW VNDN i #$R4L F K 4 (FRE %)

Table 1 Chemical composition of 1Cr16Co5Ni2MoW VNbN heat-resistant steel %

miH C Si Mn S P Cr Ni W A% Mo N Nb Co
0.13 ~ 15.0 ~ 1.70 ~ 0.65 ~ 0.18 ~ 1.30 ~ 0.03 ~ 0.20 ~ 4.50 ~
il Tojg <060 <060 <0020 <0030 ygs 2.10 100 030 1.65 0.08 0.35 5.50

s 0.16 0.20 0.25  0.0022 0.0068 15.47

2.02 0.84 0.25 1.43 0.006 1 0.28 5.24
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Fig. 2 Geometric model of 1Cr16Co5Ni2MoW VNbN heat—

resistant steel and schematic diagram of billet meshing : (a)

workpiece size , (b) blank model
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Table 2 Calculation results of thermal properties param-

eters of 1Cr16Co5SNi2MoW VNDN heat-resistant steel

Jmat—pro

W o, JAERL t(f;‘%)/l |
1200 99 31.4 790
1100 110 20.8 640
1000 119 20.0 780
800 138 26.4 760
700 156 26.0 1000
600 167 25.5 780
500 177 25.1 680
400 186 24.3 615
300 195 23.4 565
200 202 21.8 520

100 208 20.1 480
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Fig. 3 Microstructure of 1Cr16Co5Ni2MoW VNbN heat-resistant steel with different amount of deformation under strain rate 0. 01 s™ :
(a) no deformation after heating, (b) 5% deformation, (¢) 10% deformation , (d) 20% deformation, (e) 30 deformation, (f) 50%

deformation
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Fig. 4 Microstructure of 1Cr16Co5Ni2MoW VNbN heat—resistant steel with different amount of deformation under strain rate 0. 1 s™' :
(a) 5% deformation, (b) 10% deformation , (¢) 20% deformation, (d) 30% deformation, (e) 40% deformation , (f) 50% deformation
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Fig. 5 Flow stress—strain curves of 1Cr16Co5Ni2MoW VNbN heat resistant steel under different strain rates and deformations : (a)

strain rates at 0. 01 s™ , (b) strain rates at 0. 1 s
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Table 3 The strain rate of 1Cr16Co5Ni2MoWVNDbN heat

resistant steel is 0. 02 .0. 1s™" under different position strain.
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Fig. 6 Equivalent cloud diagram of 1Cr16Co5Ni2MoWVNbN heat-resistant steel section at different strain rates : (a) 0.02 s

equivalent strain , (b) 0. 02 s™' equivalent stress , (¢) 0. 1 s equivalent strain, (d) 0. 1 s™ equivalent stress
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Fig. 7 Equivalent cloud diagram of 1Cr16Co5Ni2MoW VNbN heat-resistant steel with different billet size at strain rate 0. 1 s™" : (a)

$50 mmx106 mm equivalent stress, (b) $50 mmx106 mm equivalent strain , (¢) $60 mmx74 mm equivalent stress, (d) $60 mmx

74 mm equivalent strain, (e) $p65 mmx63 mm equivalent stress , (f) $65 mmx63 mm equivalent strain, (g) $p70 mmx54 mm equiva-

lent stress, (h) ¢70 mmx54 mm equivalent strain
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Fig. 8 Macroscopic morphology, microstructure and hardness of 1Cr16Co5Ni2MoW VNbN heat-resistant steel die forging : (a) Mac-

roscopic morphology, (b) macrostructure, (¢) Hardness of different positions, (d) microstructure of 1* Bottom position, (e) micro-
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structure of 2* top position, (f) microstructure of 3* Transition region
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