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Press Formability of High Strength Cold-rolled Steel and Effect of
Deformation Mode on Press Formability
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Press Formability of High Strength Cold-rolled Steel and Effect of

Deformation Mode on Press Formability

Nobuhiro Iwavoro, Keishi Karsura, Shinichi Takemarsu

Synopsis : Lightweight materials have been applied to electric and electron parts under requirements

for saving energy. For the weight reduction, it is necessary to reduce thickness and use

high tensile strength (T.S.) sheets, however high tensile strength sheets have generally

poor press formability. Therefore, we have developed cold-rolled steel sheet at range
under 0.6mm thickness which has high tensile strength of 850 ~900MPa grade and high
total elongation (T.EL.) to improve press formability. This paper introduces the mechanical

properties and press formability of the developed steel sheet compared with current

high tensile steel sheet and low carbon steel sheet. Developed steel sheet has complex

microstructure (ferrite+retained austenite+bainite), which has high tensile strength and high
elongation (T.S:850~ 900MPa ,T.EL..25~ 30%) . Deep drawing and stretch formability of the
developed steel sheet which has small planar anisotropy and low earing rate have better

formability than that of current high strength steel sheet. Analysis of forming limit curves

(F.L.C.) ,developed steel sheet has higher deformation limit in all deformation modes than

that of current high strength steel sheet.
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Fig.1(a) Schematic illustration of stretch formability test
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Fig.1(b) Schematic illustration of deep drawing test
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Table1 Formability test condition

E bility test it Test condition
ormabliity test items Punch Die Blank holding force Lubricant Blank size Test speed
Stretch formability test . . _ ! .
(JIS:22247) ¢ :20mm rq:0.8mm 10kN 100 x 100mm 5~20mm/min
¢:31mm @:57mm
rp:2.5mm (Drawing ratio:1.8)
. ¢ :73mm ) . ¢:138mm
Deep drawing test 2,50 rqg:2.5mm 5~50kN Press oil (Drawing ratio:1.9) 3.5mm/s
¢:,87mm ¢:176mm
rp:2.5mm (Drawing ratio:2.0)
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Fig.2(a) Schematic illustration of uniaxial deformation
test with digital camera
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Fig.2(b) Schematic illustration of plane strain
deformation and biaxial deformation
test with digital camera
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Fig.3 Blank shape of FLC test specimen
(a)Plane strain deformation
(b)Biaxial deformation
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Table2 FLC test condition

. " Test condition
Deformation condition
Test equipment Specimen Punch Die Blank holding force Lubricant Test speed
Uniaxial deformation Tensile test JIS No.5 — - — - 10mm/min
Plane deformation @ 150mm—-66mm
Erichsen test ¢ :59mm ¢ :66mm 200kN film+press oil 3mm/s
Biaxial deformation @ 150mm

S5mm

Fig.4 Grid pitch and grid size for FLD test

Digital Camera
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Fig.5 Schematic illustration of measuring method
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3. \Eﬂ\én ABLY =S Fig.6 Optical micrographs of each steels: (a)Developed
steel (b)Current steel (c)Low carbon steel
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15um




SRR D T L AR B LT L AR RIET AR E— ROEE

EBSD %D h o5 —< v 7 TRT KL BCCHEETH 2
T4 bHDZNEINAF A bERL, FRlL FCC H#H
ETHHEEr 2T, HIEM @I 7271 Hd0
WENRAF A hEEMHEL, FERIC1I~3 1 m O
VR y WFEET DB TH o . —T5, Bk )1
TrIA hHDNIERAFA b EFEMET DR IR
By NEETH ESHB TH o= /2, X BRI O
REDEFEMOEE v 13 10~13% TH D, BITHD
1~2% ITHATH 10 50O v 2B L Tz,

3.2 e

Table3 IZ 5[ 5E it Br 1T & o T 5 N7z il A D HE Ak
RO LYl Z7RT. £/, Fig8 ITHAEMB LY
BT R 3B K O R 35 80 AR 0 AR BV 72 N FR IS 11 — 3 FiR O
FTAMEZRT. BREMD 02%BRIEH (YP) 13K
650MPa, 5I3ERE (T.S) I& 950MPa, it (T.EL.)
1349 30% THh O, FHITMoBIRmE &k l, Y.P.IX
#) 50MPa £ <, T.S. 13 100MPa & <, TEL.I3H 2
fEmWEZERL 2. £z, BFM O —HONIK R HEH
W EFE DK 24% TH D, FFTMITHERTH 1.8 5
fliZRL, MTEEREnESEHWEZRL .

— R r 2 E UMK OSERBRICBWTIE, £F
PO THEERERICEDERE ¥ IV T A MTHZE
BT2ZET, OFTHORBERNMHE S NS0 n fE
NEm<, —@UONaLETsZENqenTHD, Zh
WA REARMIERE SR OEETH S . £, B
MIZEBRIREE (YP/TS) THB I Enn, HITMITHk
NTTVZARBEICENDEMTHL ZENEALD. L
EXU, BRMEEOIREL X)L CTEESEZRTHET
b, BNZRE LN O AEHETDIEN SN
7=

1200

1000
E _/:'.”_.,, e
= 800 = ——Developed steel
ﬁ ;':: Current steel
5 600 |
§ ——Low carbon steel
g
E 400
S
S //

200

0
0 5 10 15 20 25 30 35 40 45

Nominal Strain (%)
Fig.8 Nominal stress-strain curves of each steels
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Table3 Mechanical properties of each steels

Specimen Y.P(MPa) | T.S.(MPa) T.EL.(%) YP./T.S. n—value r—value
Developed steel 645 950 29.2 0.68 0.22 0.99
Current steel 703 836 14.7 0.84 0.15 0.98
Low carbon steel 261 361 39.0 0.72 0.20 1.54
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Fig.9 Deep drawing test specimen of each steels
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Fig.11 Thickness reduction rate after stretch formability test
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Fig.12 Thickness reduction rate after stretch formability test
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Fig.13 Forming Limit Diagram after stretch formability test
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