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Study of Forming Limit of Bonded Sheet Metals due to
Shear Band Localization

Tae-Hoon CHUNG and Manabu GOTOH

ABSTRACT

By the use of a similar numerical method as that in the previous paper, the
forming limit strain of bonded sheet metals is investigated, in which the FEM
is applied and J2G(Jo—-Gotoh’s corner theory) is utilized as the plasticity
constitutive equation. Bonded two-layer sheets and sheets bonded with
dissimilar sheets on both surface planes are stretched in a plane-strain state,
with various work-hardening exponent n-values and thicknesses of each
layer. Processes of shear-band formation in such composite sheets are clearly
illustrated. It is concluded that, in the bonded state, the higher limiting strain
of one layer is reduced due to the lower limiting strain of the other layer and
vice versa, and does not necessarily obey the rule of linear combination of the
limiting strain of each layer weighted according thickness.
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Fig.1 Models of bonded sheet metals (plane strain).
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Table 1 Material constants of single and
bonded sheet metals.
Type A-materin} B-materis}

E v op n ' E v an n e | B
onlyAl | 70 |[033] 50 | 0.05| 08 [ - - -]
onlyA2 70 1033 80 {02008 - - - -
ontyA3 | 70 |o033] 50 |as0)osd - - - -]
onlyBl | - - - E - 1201 03410000105 -
onlyB2 | - . - 120! 034|100 |cos]|0s] -
onlyBs | - . - 120034 200 [020| 05} -
onlyBd | - - - - - f120 034 100{050 |02 -

| bimetr | 70 |0.33 | 50 |0.05 | 0.8 ] 120 [0.34 | 100|020 05 |02
bimetz | 70 {033} 50 (005 |08 120 | 03¢ [ 100 | 020 |05 (0.5
bimet3d | 70 | 033 | 50 (0.05]| 0.8 | 120 | 0.3¢ { 100 | 0.50 | 0.2 | 0.2
bimetd | 70 [0.33 | 50 [005] 08120 {034 {100 ]| 050 |0.2 05
bimet5 | 70 | 0.33 | 50 | 0.20 | 0.8 | 120 | 0.34 | 100 | 6.01 [ 05| 0.2
bimets | 70 | 0.33 | 50 | 0.20 | 0.8 § 120 | 0.3¢ | 100 | 0.05 | 0.5 | 0.2
bimet7 | 70 [033| 50 [050 | 08| 120 | 0.32 | 100 | 0.01 |05 |02
bimets | 70 1033 | 50 050 08 120 034} 100]{005]05 02
bime:1B ) 120 | 0.34 | 100 | 020 | 05 || 70 | 0.35 | 50 | 605 ] 08 | 0.2
bimet2B | 120 [ 0.34 {100 (020 {05 % 70 | 0.33 | 50 [005 |08 ] 0s
bimet3B | 120 | 0.34 [ 100 | 0.50 |02 | 70 {033 | 50 |o0s {0802
bimetdB | 120 | 0.3¢ | 100 050 |02 | 70 | 0.33 | 50 |0.05 |08 |05
bimet13 | 70 | 0.33 | 50 | 0.05 | 0.8 || 120 | 0.34 | 100 | 0.20 | 0.5 | 0.2
himet28 | 70 {033 | 50 | 005 | 08 | 120 | 0.34 | 100 (@20 [ 0.5 | 0.5
bimet3s | 70 {033 | 50 | 00508 120|034 (1200080 0202
bimetdS | 70 | 033 | 50 {005 ]| 08 ] 120 0.3¢ ]| 100|050 |02 |05
bimet1SB | 120 | 0.34 | 200 {G.20 | 0.5 | 70 | 0.33 | 50 | 0.05 | 0.8 | 0.2
bimet2SB | 120 | 0.34 { 100 | 0.20 {05 || 70 | 0.33 | 50 | 0.05 { 0.8 | 0.5
bimewasB | 120 | 0.34 | 100 (050 |02 | vo |033| 50 [o05}0s]02
bimetdSD | 120 | 0.34 {100 {050 | 0.2 | 70 | 0.33 | 50 | 0.05 | as |05 E
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(c)onlyA3(n=0.50,p=0.8),U/L==0.582
Fig.2 Appearance of shear band in single sheet metals.
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t Fig.3 Appesrance of shear band in single sheet metals.
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Fig.4 Appearance of shear band in bonded sheet metals
(A-material:n=0.05,p0 = 0.8).
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Fig.5 Effect of B-material’s n-value on limit strain when
A-material’s n-value is small in bonded sheet metals. |
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Fig.8 Appearance of shear band and unstable
deformation in sheet metals bonded on both sides
sheet metals:Model 1T(A-material:n=0.05, p = 0.8).
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