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Press Forming Analysis Contributing
to the Expansion of High Strength Steel Sheet Applications
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Abstract:

JFE Steel has developed new technologies in order to predict stretch flange fracture and to reduce springback for
applying high tensile strength steel sheet to more diverse automobile parts. The technology which uses maximum
principal strain gradient was developed to predict stretch flange fracture. By this technology, the accurate prediction
of stretch flange fracture, which cannot be predicted by forming limit diagram, was obtained. The factor analysis
technology of springback was developed to reduce springback in high strength steel press parts. The analysis
specifies the area of parts which affects most on springback. By using the analysis, it became possible to obtain the

effective solution to reduce the springback.
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Table 1 Thickness and mechanical properties of examined steels

Steel Thickness YS TS El A
(mm) (MPa) (MPa) (%) (%)
A 1.2 168 309 49 155
B 1.2 330 459 35 107
C 1.2 419 643 28 62
D 1.2 603 823 20 72
E 1.2 787 1005 18 47

YS: Yield strength TS: Tensile strength
A: Hole expansion limit with conical punch

El: Elongation
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Table 2 Experimental conditions to investigate the influence of
strain gradient in the radial direction

Initial hole
(iirilagll:ﬁ{r Punch shape Applied steel
(mm)
10 A,B,C,D,E
25 60°conical A,B,C,D,E
50 A,B,C,D,E
10 »50 mm cylindrical A,B,C
55 »80 mm cylindrical A,B,C
»50 mm cylindrical D,E
@150 mm cylindrical A,B,C
%0 100 mm cylindrical D,E
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Table 3 Experimental conditions to investigate the influence of
strain gradient in circumferential direction

Initial hole shape Initial hole
Steel | Semimajor | Semiminor | Clearance | diameter
axis axis (%) in blank
(mm) (mm) (mm)
50 10
C 12.5 80
50 30
160
£ 40 | ©.SteelA
5
28 120 [ SeelB
Eg 100 O O o)
2 801 AL D
§F 60 [ _wRXuy ., o Stel DO
§E 40 [StelC ;Q;gg
% ° 201 Steel E
T 0 !

0 10 20 30 40 50 60
Initila hole diameter (mm)
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Fig.1 Effect of initial hole diameter in blank on hole expansion
limit with conical punch
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Fig.2 Effect of the maximum principal strain gradient in the radial
direction on critical strain for fracture
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Fig.3 Gradient of maximum principal strain
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Fig.4 Effect of maximum strain gradient in the circumferential
direction (Aec) on critical maximum principal strain
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Table 4 Mechanical properties of steel used in press forming

Material Ys TS El 4
(MPa) (MPa) (%) (%)

F 437 624 341 9
G 398 640 323 68

YS: Yield strength TS: Tensile strength El: Elongation

A: Hole expansion limit with conical punch
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strain in radial direction and strain gradient
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Fig.8 Curved hat and fixed point in torsion measurement
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Table 5 Mechanical properties of 590 MPa grade steel used for
the factor analysis technology of spring back (SB)

Material YS TS El 7
(MPa) (MPa) (%)
590R 484 625 26.7 1.0

YS: Yield strength
7: Lankford value

TS: Tensile strength El: Elongation
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Fig. 12 Effect of stress elimination from each area on
improvement of torsional angle in the outer flange part
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