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Evaluation of impact property, mechanical property and corrosion

resistance of TWB specimen with different materials

Jung Su Yoo

Department of UR Interdisciplinary Program of Mechanical Engineering
Graduate School

Pukyong National University

Abstract

This study was carried out the analysis of dynamic characteristic for laser
TWB of different material. Analysis program is Hyper works 10.0 with
Solver LS-DYNA v.971. -Modeling element is- 2D-Shell, Number of element
is 35,641, Number of-node is 36,561. Impact speed is 10 km/sec. To
investigate influence according to height of weld line for upper part and
lower part, length of lower part was different from each 300 mm and 400
mm. The obtained results are as follows; In lower part material SPFC980
with length of 300 mm, the deformation was the smallest and absorbed
energy of impact force was the biggest. On based the lower part of center
pillar, the position of TWB shows the shorter and the better value. That is,
the performance was depended upon according to proportion of upper
part, high strength steel; SABC1470. Case 1 and 2 of lower part material
SPFH590 showed the large deformation. Impact performance was reduced

significantly for case 3 and 4 of lower part material SPFC980. Therefore,
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impact performance of length of lower part material SPFC980, 300 mm,
showed the best analysis result. TWB different materials specimen qualified
the high strength in SABC1470 material by heat treatment. The tensile
properties according to waiting time up to water cooling and the
deformation behavior of high speed bending by statically indeterminate
condition like center pillar were evaluated. In same temperature, the heat
treated TWB specimen shows a decreasing trend the tensile and yield
strength according to waiting time up to water cooling. SABC1470 +
SPFH590 TWB specimen of 850 C was moderate conditions that can
protect passenger by accident.. Considering it's safety of passenger by
accident, center pillar.-is safe to use with SABC1470 of top part and
SPFH590 of bottom part. In salt spray test, as-received ‘materials, SABC1470
with Al+Si plating had red rust after 18 hours, SPFH590" with Zn plating
had rust after 6 hours. But, SPFC980 without plating had red rust in 30
minute. In 'salt spray test in 72 hours, the corrosion |resistance of
SABC1470+SPFH590 TWB specimen with heat treatment at 950 C was
more excellent than that of 850 C. SABC1470+SPFC980 TWB specimen was
excellent in 850 C.
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A-Pillar Reinforcemsent
Rear Side Impact Beam
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Front Side Impact Beam

Fig 1.2 Applications of boron steel for hot stamping

(Source : Volvo)
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Table 3.1 Mechanical Properties

Properties Yield strength [Tensile strength| Elonglation
Materials (MPa) (MPa) (%)
SABC1470 996 1470 6
SPFH590 522 626 26
SPFC980 726 1128 13
Table 3.2 Chemical composition (wt.%)
§ ;ompositions
C Si Mn P S Cr B
Materials
SABC1470 0.21 026 | 127 | 0.017 | .0.003 | 0.22 | 0.0028
SPFH590 015 | 016} 138 | 0.017 | 0.004 - -
SPFC980 0.086 | 020 | 3.09 | 0.024 | 0.002 - -
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Table 3.3 TWB position and materials of upper and lower

Case 1 Case 2 Case 3 Case 4
TWB
position 300 mm 400 mm 300 mm 400mm
Upper SABC SABC SABC SABC
material 1470 1470 1470 1470
Lower SPFH SPFH SPFC SPEFC
material 590 590 980 980




Impact force = 13.4 kN

v=10 km/h

Fig. 3.2 Analysis. mode

Fig. 3.3 TWB position for analysis
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Fig. 3.5 Shape and dimensions of high speed bending specimen of
different materials bonded with laser TWB
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Fig. 4.3 Impact-energy versus time for four cases

Table 4.1 Results of impact test

Case 1 Case 2 Case 3 Case 4
Disp. (mm) 101.5 101.2 85.9 86.0
Impact
force(kN) 94.3 97.2 100.1 105.4
Impact
energy () 3835 3856 4224 4179
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Case 1 Case 2

Case3

(b)
Fig. 4.4 Deformation behavior of before-and-after of the outside for

Impact force. (a) Before, (b) After

Case ] Case 2 Case3 Case 4

(b)
Fig. 4.5 Deformation behavior of before-and-after of the inside for
Impact force. (a) Before, (b) After



Casel Case2 Case 3 Case 4

(b)
Fig. 4.6 Deformation behavior of before-and-after of the side for
Impact force. (a) Before, (b) After
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Fig. 4.7 The curve of stress and strain of different materials bonded

with laser TWB. (a) 850 C, (b) 900 C, (c) 950 C




AGA PN dolxl HT APHe| B Fig. 480 LeEATH (a)
= SPFH590 + SABC1470°]3, (b): SPFC980 + SABCI1470°|t}. Fig.
48 (@)% (b)ellAl TWB AlgHe A7 SPFH5903 SPFC980 RA

T SH-FAA A3t a8y BE H7MEQl SABC147000 4 3}
g A= ATk oA AP JHF AT e A EFYol
o|gt Zlolg} HHET

Fig. 49+ 2 A7 Agd Adde] z2aS J#d Aoz et
olo] W& %32 EAS ¢ 4 Atk SPFH5903 SPFC980 WA o=
Table 3.100A AR =E ¢ 500 MPag £9 xlo]E Hlt) 7FEx}o|
A YehtSo] ZAM A S SPFCI809] Z2Zlo] SPFH590K.TF ZAA e o]



)850°C,0s

(b) 850°C, 105

¢)900°C, 0s

d)900°C, 10

€)950°C, 0's

(0950°C, 105
(a) SPFH590 + SABC1470

SABC1470

SPEC980

(1)850°C.0s

(b) 850°C, 10 s

(c)900°C. 0's

(d)900°C, 10

(€)950C, 05

(£)950 °C, 105
(b) SPFC980 + SABC1470

Fig. 4.8 Appearance of fractured specimens
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Fig. 4.9 Microstructure of as-received materials. (a) SPFH590, (b)
SPFC980, (c) SABC1470

(b) (c) (d)
Fig. 410 Microstructure of different materials bonded with SABC1470
and SPFC980. (a) Appearance of weld zone, (b) SABC1470, (c) Weld
metal zone, (d) SPFC980

(b) (©) (d)
Fig. 4.11 Microstructure of different materials bonded with SABC1470
and SPFH590. (a) Appearance of weld zone, (b) SABC1470, (c) Weld
metal zone, (d) SPFH590
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Fig. 412 The pattern of high speed bending. (a) SPFH590 +
SABC1470,. (b) SPFC980 + SABC1470
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(a) SABC1470 + SPFH590

(b) SABC1470 + SPFC980

Fig. 4.13 Deflection according to temperature of TWB specimen at

statically indeterminate condition
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Fig. 4.14 Results of salt spray test from as-received specimens. (a)
SABC1470, (b) SPFH590, (c) SPFC980
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Fig. 415 Results of salt spray test in 72 hour from coated specimen
of cold rolled steel, (a) LR-0727(1) coated specimen,. (d) LR-0727(2)

coated specimen
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Fig. 4.16 Result of EDX of LR-0727(2) coated specimen
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Fig. 4.17 Appearance after salt spray test dafing 72 hours at welding
specimen With LR-0727(1) coating solution. (a)"SABC1470(85O
'C)+SPFH590, (b) SABC1470(850 +€)+SPFC980, (c) SABC1470(950

Fig. 418 Appearance after salt spray test during 72 hours at welding
specimen with LR-0727(2) coating solution. (a) SABC1470(850
C)+SPFH590, (b) SABC1470(850 C)+SPFC980, (c) SABC1470(950
C)+SPFH590, (b) SABC1470(950 TC)+SPFC980
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