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Quantification of Large Deformation with Punching in Dual Phase Steel and Change of its’ Microstructure
— Part I: Proposal of the Quantification Technique of the Punching Damage of the Dual Phase Steel

Tatsuo Yoxot, Hiroshi Suuto, Ken-ichi IKEpa, Nobuo NAKADA, Toshihiro TsucHiyaMa, Takahito Oumura, Yoji MINE and Kazuki TAKASHIMA

Synopsis

Key words :

: Dual Phase (DP) steel is used in automotive body parts for weight saving and crashworthiness, however there is an issue of DP steel in low

stretch flange ability evaluated by hole expanding tests. In order to improve stretch flange ability of DP steel, it is important to estimate the
damage of punching quantitatively and to clarify the change of microstructure before and after punching because the hole expansion ratio is
decided in the ductility remained after pre-strain equivalent to punching. Therefore we tried to measure the damage of punching by unique
techniques of Electron Backscatter Diffraction (EBSD), nano-indentation and micro-tensile testing and to observe fracture surface by Scan-
ning Transmission Electron Microscope (STEM). Average EBSD-Kernel Average Misorientation (KAM) value and pre-strain damage have
strong correlation, thus average KAM value can become the index of the damage. The nanohardness and tensile strength using microme-
ter-sized specimens increased with increasing average KAM value in the ferritic phase as approaching the punching edge. A shear type frac-
ture occurred without necking in the specimen cut out in the area of the edge. The ultrafine-grained ferritic microstructure was observed in the
sample cut out in the same area with STEM. It seems that the ductility loss of the punched DP steel was probably attributed to localized strain
into the ultrafine-grained ferritic microstructure.

dual-phase steel; hole expansion test; electron backscatter diffraction; nano indentation; local strain mapping; strain distribution; microme-

chanical characterization; strain localization; grain refinement; shear fracture.
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Table 1. Chemical composition of the steel studied (mass%).

C Si Mn P S Al N Fe

0.072 0.45 1.86 0.010 0.0026 0.023 0.0034  Bal.

245 I



I 246

$k & 48 Tetsu-to-Hagané Vol. 102 (2016) No.5

RIS =T A4 PAWERET KT = 74 FRAE
TN A P ek bzolitEihs, ki, v
T VYA P OERGHEILI%EETH 5,

SlRaRER, BT A5 RGBT O R F AN 5 &
I T JIS5 5 aRER - & BREX L, JIS Z2241-2011 (2 %8 U T HE
U720 F72, SUATRRERIZ IS Z 2256-2010 12 H#E U THfE L,
FWREZ VT TV 2% 58%, 12.5%, 20.8% L& L& T
o 62, BN TCTOMER S L T3, ikt
DFEIMEE % Table 218, (KRR & N 7258 % — 4t
PEINT v 2 %A L 725 5R5 % 590 MPa "L — R O DP il D
KM EE A 3o h s,

22 THREMIBLVHBRFIRER

T 2 RIATEATIRE 2 ) 75 v 212k 02§35 2
ERHISENTWE, AR TRITHZRIC LA A -V &%
LXEB72DITREIZBE T ) 77 v A28 TH
ik 2= HE L2, £72, —HoRBHE F Y LItk 3
BN T2 X 0 &R L 7=, Fig2 (IZd 4R E ML E Z D%
DRBETFNEDO WIS 2R3, 3, SUATMBRO B E LT
FRBRF R S H TR X & B L 22 ikBRF T 5 1R ER & F i
U720 JURTRRERIC B WO TR B NS O F A AE U
5T ENHENTEH D, JTH E 5 IRRER A AT Bk %

(b)Le Pera etching

(a)Nital etching

Fig. 1. Micro-structure of the steel studied.
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Fig. 3. Position of observation to SEM and S-TEM and tests.

Table 3. Measurement and testing position of specimens.

' Nano. Micro-tensile SEM-EBSD STEM
= § 7 RD/ indentation test
. e ———
Punching | l ’ | Matrix e} e} o O
1 Position ¢ - - -
/ Position @ o 0 ) -
Sampling |:> Observation&Test Position 3 o 0 - -
Position @ O O O O
Fig. 2. Experimental procedure.
Table 2. Mechanical properties of the steel studied.
Yield MP Tensile streneth (MP Bl on (% Hole expansion ratio (%)
t n a ongation
ield stress (MPa) ensile strength (MPa) gation (%) Machined CL=5.8% CL-12.5% CL20.8%
384 640 29.2 >250 46 64 60
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Fig. 4. SEM micrographs of Micro-tensile test specimen shaped
by FIB.
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Fig. 5. SEM micrographs of the fracture surface on the punched
specimen (CL=12.5%).
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Fig. 6. Relationship between distance from fractured edge and
Average KAM value.
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Fig. 7. SPM images of the cross section indented (CL=5.8%).
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Table 4. Measured results of nano indentation.

(GPa)
Position | Position | Position | Position .
Matrix
Ferrite 6.1/1.0 | 5.1/0.9 | 6.0/0.6 | 6.6/1.4 | 4.0/0.2
CL=5.8% -
Martensite | 12.6/1.5 | 11.2/1.515.9/1.7{10.0/1.9 | 13.8/3.5
Ferrite 6.2/1.3 | 6.5/1.6 | 5.6/0.8 | 7.5/1.0 -
CL=20.8% -
Martensite - 12.0/2.3 113.6/1.8 | 11.9/1.3 -
(Average/Standard deviation)
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Fig. 8. Nominal stress-strain curves by micro-tensile test.
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