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Abstract: Taking the typical 22MnB5 high-strength steel plate as the research object, a series of experiments
including pure shear, tensile-shear, R5 notch tensile, R10 notch tensile, center hole notch tensile, and cupping
tests were carried out on the 22MnB5 high-strength steel plate. The fracture test data of the material were
obtained, and the MMC fracture model of the 22MnB5 high-strength steel plate was established. The drop
hammer mechanical test of the B-pillar, a heat-formed component made of 22MnB5 high-strength steel, was
accomplished and compared with the simulation analysis. The results indicate that the error of the peak
acceleration between the simulation and the experiment is 8.7%, and the positions, sizes, and morphologies of
the fractures in both are basically consistent. This provides an accurate material model and high-precision
simulation model for collision simulation and plays a significant guiding and referential role in the simulation
calculation of fracture failure in hot stamping forming and the analysis and calculation of vehicle crash safety.
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Figure 1. Main test sample size (unit: mm)
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Figure 2.Tensile stress-strain curve of 22MnB5 material
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Figure 3.Quasi-static unidirectional tensile simulation model
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Table 1. Swift constitutive equation parameters
= 1 Swift A G ESH
K €0 n
B 2142.3776 7.0403E-4 0.0897

Table 2. Parameters of the Hockett-Sherby constitutive equation
3 2 Hockett-Sherby A4 5128 %
a b c p

SHE 1587.4519 469.6386 60.0859 0.8596

Table 3. Normalized parameters
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Figure 4.Results of constitutive parameter calibration of 22MnBS5 material
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Table 4. 22MnBS material fracture time parameter value

X 4 22MnB35 BT Z1 S 5UH

n ef 67
A BT Y)hr aEe 0 0.464 -0.0064
EACRIE DRI A 0.025 0.538 0.11
LA RS 0.37 0.648 0.96
R10 G Hr A5 0.47 0.569 0.63
RS Gk DR fi5: 0.504 0.628 0.48
AR TR 15 0.66 0.63 -0.92

Table 5. 22MnBS material MMC failure model parameter value
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MMC 2257 24

K/C C, f n

22MnBS5 #1k} 2.0542 0.896 0.001535 0.0897
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Figure S.MMC fracture failure curve and surface of 22MnBS material

& 5 22MnB5 #E MMC B33 ss & thm

2.3.2 Mg RS RARE

Xof B e AR EAT AR BRI 4y, L E VR E X340 Imm. 2.5mm. Smm = RS AR [ R
TAU3Y, - SR F AR R 07 B LU AT 0 B AN AT, (3B WA RSE R R T 2k, 4o TRER N A8 5 0.5mm
P A 78 DL R R 36 45 SR X A i B 6 T

6 INFATS & SAE-C/STC Conference in Guangzhou, November 7-9, 2024



Bl

Faf% R

+J0.

1 — R
1600 st —— P25

w] e HN

1200

10004

8004

LREREFT (MPa)

500 |
400+
200

I
o

-200 T T T T T T T T T
-0.02 0,00 0.02 0.04 (.06 0.08 0.10 0.12 0.14 0.16

LR RIAE
Figure 6.Calibration results of tensile model of 22MnB5 material with different mesh sizes
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Figure 7.22MnB5 material mesh size effect curve
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Figure 8. True stress-plastic strain curves of 22MnBS5 material at different strain rates
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Figure 10. The calibration results of MMC fracture failure model of 22MnB5 material
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Table 6. Error analysis of 22MnB5 material fracture benchmarking - force peak

& 6 22MnBSs M RIET R T #R- DI ERE D

TR 7 E/N 7 I E/N RZE

AEBY YL 5856.54 5786.53 1.20%
SR DI 5260.61 5464.77 3.88%
RS e 114 14483.87 15349.75 2.98%
R10 & 14 i 14325.97 14876.06 3.84%
L ALA 28048.86 28211.66 0.58%
WES 71591.68 75118.85 4.93%
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Table 7. Error analysis of 22MnBS5 material fracture benchmarking - fracture displacement

£z 7 22MnB5 HRE X F- IR AR R IREN
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/mm /mm
EICERIE DAL 1.250 1.308 4.94%
ETAERTIE DAL 1.104 1.039 5.89%
RS & Hi A 0.816 0.74 9.3%
R10 ik [ iz 0.956 0.926 3.24%
LB 1.165 1.09 8.35%
UES 12.990 13.302 2.40%
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Figure 11. B-pillar drop hammer test tool and simulation model
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Figure 12 Comparison results of drop hammer simulation and test for B-pillar fracture model
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Figure 13. B-pillar drop hammer force-time curve comparison
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