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Introduction

« Components produced from cold and hot rolled

steel sheets, since they require properties of Ultra-High-strength hot-formed steel Extrabigh-sirength steel

sufficient strength and formaubility. PR
« The accurate prediction of forming defects is
useful in the process design to overcome

problems resulting from the post-forming

springback, occurrence of wrinkles and MG sten
occurrence of ductile failure.
Ultra-high-strength steel Ultra-high-strength steel
« Many of this components are axisymmetric and [Asnafi, N., Shams, T., Aspenberg, D. et al. 3D Metal g from
_ an InfegnadRig reethleoPPoNEiBasis, S Uadewss, and
are produced from thick sheets. Business ModditmBénywidgtennia@nsingsriafsh 164, 91-100

(2019). https://doi.org/10.1007/s00501-019-0827-]
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Forming defects prediction

Benchmark 2 (Numisheet 2018). Cup drawing of anisotropic thick steel sheet
« Hot rolled steel sheet (SAPH 440 in Japanese Industrial Standard)
« Circular blank with a diameter of 246 mm and a thickness of 2.8 mm

« Three different process conditions are analysed:

« Task 1: Predict the height and cross-sectional shape of the drawn cup after springback
« Task 2: Predict the number and locations of wrinkles in the drawn cup

« Task 3. Predict the die height at which the blank fractures at the apex of the centre boss

|
|

Stripper i Stripper
|

Task 2

|

i 50 kKN 50 kN

| 11 [\ __ : 11 [\ |
| t1 U

| L 70 kN

| Punch Lifter Punch

|

Schematic illustration of the forming tools used in the cup drawing: (left) Task 1; (right) Task 2 and 3.
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Cup drawing of anisotropic thick steel sheet

Finite element model

]

. D3IMP in-house finite element code (implicit time integration) |

/4 of the model (symmetry conditions)

INNNED

1L

* Forming tools are assumed rigid discretized by Nagata patches

* The Coulomb friction law is adopted, constant u = 0.15

. lank discretized by linear hexahedral (8-nodes) finite elements

(4 layers through the thickness)

4 layers 4 layers
61,376 elements 54,348 elements

4 layers
60,552 elements
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Discretization of the blank with hexahedral finite elements: (left) Task 1; (middle) Task 2; (right) Task 3.
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Cup drawing of anisotropic thick steel sheet

Finite element model

» Plastic behaviour of the specimen modelled by the Swift law (isotropic work hardening), fitted neglecting the

initial plateau.
600
550
E' 0 r oY,
500
= —_—° 02 0.659 1.000
n ] 50
g 40 3 15¢ | 0709 0.998
n 0
. o 30¢ | 086 0977
350 ——60° 452 | 1017 1.007
90°
300 0195  —Swiftlaw 602 0.978| 1.008
250 Y=779-1<0-007+5p) 75¢ | 0.864] 1.016
200 902 0.795 1.024
0 0.05 0.1 0.15 0.2 0.25

. . r-values and normalized yield stress values
Plastic strain [-] extracted from uniaxial tensile tests.
Stress—equivalent plastic strain curve and hardening law
fitted from the uniaxial tensile test in the rolling direction.
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Yield criterion

Cazacu and Barlat, 2001 (CB2001)
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Yield criterion

DD3MAT: objective function
F(A)=w,, 3 (05(AE") /o (8°)-1) +wy, Y (1 (A)/r —1)?
0 0

w3 ( o (AE?)/ By (57) 1)

2l

p
SAPH440 ISAP":]
3 180 __T - o 180 = Auicis) -
) &'=0. B =0.05 ‘
A — set of anisotropy parameters ?; [| & Experimental . _ 1% Experimental | | Ll
] ) o ] = 135 || —— Y1d2000-2d (2 =6) ¥ 2 135§ Y1d2000-2d (a =6) 52
oy — yield stressesin uniaxial tension = -=== von Mises Vil L |-~~~ von Mises
) .. . o ] = 90 === r-Hilr4g / £ -~ =-r-Hill'48
I, — anisotropy coefficientsin uniaxial tension & ] " Ao ' B %0 ‘ ===
. . . . . . . . w L A 17
By — direction of plastic strain rate in biaxial tension fé a5l ‘ - % 45
0 —angle from the rolling direction 2 ; [ ‘ =2
- - - Y— - ]
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g i ¥
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Loading direction ¢/ ° Loading direction ¢/ °

Directions of the plastic strain rates measured at (left) £,=0.01 and (b)

. PN : TIPS &,=0.05, compared with those calculated using the von Mises, Hill ‘48, and
Minimized with a downhill S|mplex method the YId2000-2d yield functions [Kuwabara et al. 20018, Benchmark 2 — Cup

Drawing of anisotropic thick steel sheet, Part B: Material data].
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SAPH 440 orthotropic behaviour

Identification of the anisotropy parameters

M.C. Oliveira (marta.oliveira@dem.uc.pt)

CB2001: Based on the r-value and yield stress in-plane directionalities and on the g values (¢P,=0.05).
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SAPH 440 orthotropic behaviour

Identification of the anisotropy parameters
« The CB2001 yield criterion enables the proper description of the normalized yield stresses and r-values

« As expected the Hill48 leads to a wider variation of the normalized yield stresses, with a maximum error at 45°

to RD.
1.06 : 1.2
® Experimental
. 1.04 | —CB2001 1
O —Hill48
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Angle from RD [9] Angle from RD [9]
Comparison between experimental and predicted: (left) distribution of the normalized yield stresses in the sheet plane; (right)
distribution of the r-values in the sheet plane. 9
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SAPH 440 orthotropic behaviour

Identification of the anisotropy parameters
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Comparison between experimental and predicted: (left) distribution of the direction of the plastic strain rgf’é’{xcfunction of the loading direction;
(right) normalized projection of the yield surfaces in the ogp-o1p plane, with null values for all the other stress components. For the CB2001
yield criterion, the projections are also shown for the levels of the shear stress component in the plane of: 0.25Y; 0.4(3)Y, and 0.50Y,,. 10
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Cup drawing of anisotropic thick steel sheet

Earing profile (Task 1)

« Although the forming force is globally overestimated, the numerical result are in good agreement with the
experimental measurements (4 tests under identical conditions)
 The number of ears (4) is accurately predicted, while the amplitude of the earing profile is overestimated
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Comparison between experimental measurement and numerical prediction in Task 1: (left) forming force evolution;

(right) earing profile.
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Cup drawing of anisotropic thick steel sheet

Springback (Task 1)

The numerical predictions are in very good agreement with the experimental measurements since the
springback is very low in this axisymmetric component

Nevertheless, the detail of the cup profile highlights the accurate prediction of the slope of the cup’s bottom,
which can be an important aspect when dealing with the assembly of this type of components

Although the CB2001 yield criterion predicts this slope better, it overestimates the global deviation.
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Comparison between experimental and predicted springback in Task 1: (left) cup profile in the xOz plane; (right) cup
profile in the plane transverse to the RD (yOz).
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Cup drawing of anisotropic thick steel sheet

Wrinkling in the cup wall (Task 2)

« The amplitude of wrinkles is significantly underestimated by the numerical model. In fact, the wrinkling amplitude
measured in the experimental cups is about 4 mm, while the numerical prediction provides an amplitude lower
than 1 mm

« The CB2001 yield criterion predicts 16 wrinkles (within the experimental range of 15-18)

104

102

[N
o o
c O

Radial coordinate [mm]
(o]
»

94 +

92 | —— Experimental #1 —— Experimental #2

90 —e—EXxperimental #3 = Simulation (CB2001)
I —Simulation (Hill48)

88 1 1 1 1 1 1 1 1 1 1 1

0 30 60 90 120 150 180 210 240 270 300 330 360
Angle from RD [°]

Analysis of cup wall wrinkling in Task 2: (left) comparison between experimental and predicted radial coordinate
evaluated in the inner surface at 25 mm from the cup base; (right) geometry of the cup with wrinkles. 13
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Cup drawing of anisotropic thick steel sheet

Tearing in the center boss (Task 3)

« The fracture is observed experimentally in the range 2.6<H<3.6 mm, as shown through the dispersion in the
measured thickness value

» These results highlight the importance of the plasticity model in the prediction of ductile fracture.
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Comparison between experimental and predicted results in Task 3: (left) evolution of the minimum thickness in the apex of the
center boss in function of the distance, H, between the punch and the die; (right-top) predicted thickness strain for H =2.4 mm;
(right-bottom) cup geometry and predicted thickness strain for H =3.6 mm (CB2001). 14
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Conclusions

« The earing profile is accurately predicted since the in-plane distribution of both the r-values and the
yield stresses is accurately described by the CB2001 yield criterion. Nevertheless, the earing
amplitude is overestimated, which can be related overestimation of the force.

« Since the springback is typically slight in axisymmetric cups, both yield criteria lead to similar
prediction, although the CB2001 presents a higher overestimation of the deviation.

« The amplitude of the wrinkles developed in the flange (when no blank holding force is applied) is
clearly underestimated by the numerical model. This can be related with the static implicit time
Integration approach, where sometimes the initiation of the wrinkles requires an initial imperfection.

« The thinning in the apex of the center boss is accurately predicted by the numerical model that uses
the CB2001 yield criterion, i.e. the difference between experimental and numerical thickness is
always inferior to 4%. Besides, the predicted thickness strain is in good agreement with the location
of the necking observed in the cup.
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