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Prediction of Forming Limit Diagram (FLD) and Effect of Work Hardening Property on FLD of Sheet Metals

Liwei GU, Akinori TANAKA, Kenji TANAKA and Koe NAKAJIIMA

Synopsis : The necking limit diagram NLD and the forming limit diagram FLD under the wide-range bi-axial tensile stress conditions were obtained by

using various sheet metals of steels, Al-alloys and a copper. The good correlation between the limited strain values of NLD and FLD and the

mechanical properties of total elongation and r-value etc. were obtained. Moreover, the strain dependency of the work hardening coefficient

n-value in higher strain area was different according to each material. The complex value of n-value and r-value was defined as the equivalent

work hardening coefficient n,.-value in higher strain area. And when the n,-value was substituted to Gotoh’s modeling of localized necking

limited strain, FLD that accuracy is high was able to be predicted.

Key words: necking limit diagram; forming limit diagram; mechanical property; r-value; n-value; equivalent work hardening coefficient; FLD prediction.
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Table 1. Mechanical properties of used materials.

t YP TS | TEL}] & ¥ %
{mm] {{MPaj|{MPaj| {90] | value| valud { value
SPCC 080 ] 204 {329 | 36 10217} 1.39 10.126
SPCE 0RC j 146 1275 1 46 102591 1.87 10.168
SPFC 080 | 232 | 370 | 34 [0.215] 1.46 {0.128
Al100 1.00 | 60 99 | 35 10.200] 0.59 {0.074
AS000{a)} .80 | 122 33 10.338] G.65 1C.138
A5000(b){ 1.00 | 117 | 276 30 10.322{ 0.73 1 0.136
AS5000(c)1 0.80 | 116 | 265 29 {0.304[ 0.94 10.147
A6000 100 | 151 1260 | 26 [0.225] 0.54 |0.079
Cu 084 | 153 227 | 42 {0.185] 1.04 0.0%4
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Fig. 1. Testing method for forming limit diagram.
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Fig. 2. Specimen of tensile testing for work hardening co-
efficient n value in higher strain area.
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Fig. 3. Deformation path and NLD in FLD of steel sheet
(SPCC).

average strain : £, = IV{LJ , localized strain : £, = [,{ij
L, : l,

Fig. 4. Definition of average strain and localized strain in
forming test.
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Fig. 5. Necking deformation in FLD testing with specimen
width of 30 mm.
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Fig. 6. FLD and NLD of various sheet metals.
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Fig. 7. Effect of 7 value and 7 value on the strain £, in
FLD and NLD.
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Fig. 8. Strain dependency of coefficient of work-hardening
7 values.
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Table 2. Various n values of used materials.

materials § 7 value | n* value (nq* value| ng* value
SPCC 0.217 0.183 0.337 0.476
SPCE 0.259 Q.178 0.248 0.408
SPFC 0.215 0.185 0.241 0.391
A1100 0.200 0.263 0.250 0.263
A5000(a)! 0338 0,301 0.250 0.212
A>5000(b)} 0322 0.288 0,229 0.190
AS000(c)| 0.304 0.250 0.179 0.128
A6Q00 0,225 0.188 0.157 0.13
Cu 0.185 0.239 0.220 0.189
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Fig. 11. Experimental FLD and calculated FLD of new

modeling induced by Gotoh’s theory.

0.7 Y 4 ; T

06 L

0.5 +

04

03 |— -

Calculated F1.D

0.2 1

0.t i

0.0
0.0 0.1 0.2 03 0.4 0.5 0.6 0.7

Observed FLD

Fig. 12. Correlationship between observed FLD values

and calculated FLD values of various materials.
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Fig. Al. Localized necking of sheet element under bi-
axial stress condition.




