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Application of Finite Element Simulation to Material Design of Steel-

plastic L.aminated Sheets

Koji HasHIMOTO, Mizuo EJIMA, Michio TAKITA and Akitake MAKINOUCHI

Synopsis :

Elastic-plastic finite element method has been applied to the bending process of steel-plastic laminated

sheets.

It is confirmed that the forming defects such as deformed geometries, which are often found in

bending process of steel-plastic laminated sheets, can be simulated, for different kinds of core resins and
different thickness compositions of skin sheets, exactly by using this simulation method.

Computational results show some important aspects of material design, by which deformed geometries of
steel-plastic laminated sheets are expected to be eliminated. The findings obtained here are as follows ;

(1) Deformed geometries of bending process can be eliminated by raising the yield strength or plasticity

coefficient of resin.
sulting in a fracture.

However, this may be accompanied by the thickness reduction of outer skin sheets, re-

(2) Deformed geometries can be decreased by increasing the thickness ratio of inner and outer steel

sheets.

This method is more effective when thinner skin steel sheet is used for outer side.

(3) The effect of using steel sheets with different yield strength for inner and outer sheets is smaller
than those of using wide die opening and using skin sheets of different thickness for inner and outer sheets.
Key words : composite material ; simulation ; press forming ; bending ; shapes ; elastic-plastic finite element

method ; steel-plastic laminated sheet.
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Table 1. Mechanical properties and bonding strength under shear of tested materials.
Polypropylene core resin Polyester core resin

Composition (mm)
(Steel/resin/steel) 0.2% YP TS El n value B.S.S.* | 0.2%YP TS El n value B.S.S.*

(MPa) (MPa) (%) 5~15% (MPa) (MPa) (MPa) (%) 5~15% (MPa)
(0.20/0.60/0.20) 104.9 142.2 40 0.14 — 132.4 168.7 38 0.15 3.50
(0.27/0.46/0.27) 121.6 - 174.6 43 0.17 — 140.2 195.2 42 0.18 3.39
(0.32/0.36/0.32) 147.1 234.4 44 0.20 — 144 .2 226.5 42 0.20 4.76
(0.50/0.10/0.50) 127.5 238.3 48 0.23 18.60 149.1 276.5 47 0.23 7.85

* B. S. S.=Bonding Strength of Shear
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Table 2. Thickness compositions and bonding strength under shear of tested materials.
N Total thickness Thickness ratio Composition B.S.8.*
0. (mm) of skin steel sheets (steel/resin/steel) (MPa)
A 4.05 1:1 2.0/0.05/2.0 24.17
B 3.55 1:2 1.2/0.05/2.3 28.77
C 3.45 1:3 0.8/0.05/2.6 24.35
D 3.85 1:5 0.6/0.05/3.2 =19.54
E 3.65 1:8 0.4/0.05/3.2 =13.63
* B.S. S.=Bonding strength of shear
Table 3. Material constants used for the calcula-
. Punch L=10 .
steel skin }ts [ == 19mm tion.
polymer core Jtc  05mmR = . -
i R Aol . tress-plastic strain Young’s modulus
steel skin }ts — Material relation (MPa)
LD pie 1. Steel 7=532.5(0.02+7¢,)%1% 206 000
4.0mm 2. Polypropylene 529 4(0.1+7%,)29+27.65 980
. .. . 3. Polyest F— = 1. 98
Fig. 1. Finite element mesh and set-up tool condi- yester 7=1.18(0.5+%,)' 2 +2.45
tion used in the simulation.
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Thickness
Composition

Polyester

Polypropylene

(steel /resin

/'steel)

Experiment

Calculation

Experiment Calculation

Photo. 1.

Comparison of deformed geometries in bending process of the steel-plastic

laminated sheets obtained by experiment and calculation.

Table 4. Characteristic values of steel sheet and imaginary resins used in the calculation.

(Steel)  0=533.3(0.015+%,)*"% + 0.0

Imaginary) 5_ = yn
(Imeginary) g—c (0.1 + )" + A

) (¢3] 3
Polypropylene
®| C Value| 0.98 29.4 1275
Value
QA (MP2) 9.6 27.7 107.9
® | n Value 1.5 2.0 25
@ | E (MPa)|294 980 2940
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E = 20569 GPa

E=E

YP = 237.3 MPa

YP = YP

Standard value (Polypropylene)
Opp=29.4 (0.10+8,)20+27.7
E=980 MPa

YP=27.9 MPa
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(i) A=96 MPa

(iYc=098

(i) A=27.7 MPa (i) ¢ =294

(ji> ¢ =1275
(i) A=107.9 MPa

Fig. 2.

Pa

(i) E =980 M
(P.P.)

(i) E = 2940 MPa

Influence of material constants of core resins on the deformed geometries in

bending process of steel-plastic laminated sheets (calculated results).
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Fig. 3. Relationship between the bent line angle & and the thickness strain at the

center of bent portion.
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Die Opening=12mm
Bottom steel layer

—O—@— Thick
---A---A-=-=Thin

O

Bent line angle 46 (deg.)
T T
.O/.
&
S

-~ —

(1):1, 1:3 15 137 139
Thickness ratio of skin steel sheets
Open mark : Experimental results
Solid mark : Computational results
Fig. 4. [Effect of the thickness ratio of inner and
outer steel sheets on the bent line angle 6.
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Die Opening=18mm
Bottom steel layer -+

=== Thick

Bent line angle, 46 (deg.)

T ST S N S N B

o

131 1:3 135 17 1:9
Thickness ratio of skin steel sheets

Open mark : Experimental results
Fig. 5. Effect-of the thickness ratio of inner and
outer steel sheets on the bent line angle 6.
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" Thickness composition : 0.4/0.05/0.4 mm
Open mark : Bent line angle, A 8
Solid mark : Spring back angle, 8¢

Fig. 6. Effect of the kind of skin steel sheets and
die opening on the bent line angle & and spring back
angle 06 obtained from calculation.
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Die opening=18mm Oa

4 \ 7
"[1.8mm
of m X

Op=200, 270, 360MPa
0g=200 MPa

K { 0A=200 MPa ]
0g=200, 270, 360 MPa

Bent line angle, 46 (deg.)

Yield strength ratio (0,70)

. Open mark : 04 < op
Solid mark : 04 = og

Fig. 7. Effect of the yield strength ratio of inner
and outer steel sheets on the bent line angle 6
(computational results).
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