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Development of Low-Velocity Impact Analysis Model of Carbon-Steel
Laminates through Finite Element Analysis

Byung-Jin Park*, Dong-Woo Lee*, Jung-ll Song*"

ABSTRACT: In this study, finite element analysis of Carbon-Steel Laminates with different layup pattern was
conducted to verify similarity to the results of previous studies and to develop the effective model for low-
velocity impact analysis. As in the experiment, Finite element analysis of the Fiber metal laminates (FMLs)
with five different lamination patterns was carried out, and the impact resistance of the FMLs was confirmed
by comparing the energy absorption ratio. The FMLs showed the higher energy absorption ratio than the
mild steel having the same thickness, and it was confirmed that all the FMLs had the high energy absorption
ratio over than 96%. In addition, the low-velocity impact analysis model proposed in this study can be
effectively used to study composite forms and automotive structures.
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(b) Experimental setup for dropweight impart test

Fig. 1. Configuration of Fiber-Metal Laminates
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Table 1. Laminate structure of Carbon-Steel Laminates

Case Stacking sequence Thickness
1 Steel/0/0/Steel 2.10
2 Steel/0/90/Steel 2.10
3 Steel/0/90/0/Steel 2.25
4 Steel/90/0/90/Steel 2.25
5 Steel/0/90/90/0/Steel 2.37

Table 2. Conditions of drop-weight impact test

Impactor weight 4.7 kg
Impact speed 4.61266 m/s
Impact energy 50]

7

Absorbed Energy (J)

f T

1o \ 1o \
¢ o9 g
G

Fig. 3. Absorbed energy comparison of the steel plate and Car-
bon-Steel laminates
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Fig. 4. Applied mesh shape

Table 3. Nodes and elements of each part

Part Nodes Elements
Impactor 294 1144
Specimen 959 909
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Fig. 5. Element quality analysis

AL Solid @ A5 A5} X9k, Carbon-Steel A-9-<

223} Mild Steel A]HE| Z$-oll= FA1S 112)5}0] Shell
aas gystel sae Awstact

Mesh= Fig. 43} ZFo] Edge Sizing?} Face SizingS AR5}
of AR5ttt s Ao AL =5 FHAI717] f15to] w4
AWM AL A5 syl o, iAo Jekwof u A=
o] 4 Q4TS Fig. 59 2] AASISIT 48 Mesh
9] Element Quality+«= 4 0.80.2 gyl& o2 A
t}. A]#H 3} Impactor®] 249} == 9] 421= Table 331} Zt}.

22 dAl =A
Fig. 67} Z+o] A]Hof| Fixed support, Displacement =4S

A1 A5} a1, Impactoro]| Velocity 278 A A slo] AA =
= /ﬂ@ 01-0“‘1‘4- Impactor®] Velocity 742 A3 o]

243} o 7R 2 4.61266 m/s(Impact Energy:
50 D= ’,‘zxé sto] stk AA2AS EH = A5
o] w2 A|H 9] Plastic Strain¥} Directional Deformations
o5ttt 3T Impactor?] Directional Velocity Hjo|g] 2
B B2 32 43 7o % HsrE Hlsk, WA
(DA 2)of ddste] oA EF&2 st

A(®) = K(O)- K(®) = 3m[Vi-[V()]' 1)
Energy absorption ratio(%) = [ %J x 100
)

0000 0025 0,050 (m)
[ EEaa—— ESS—

0013 0038

Fig. 6. Boundary conditions of analysis



218 Byung-Jin Park, Dong-Woo Lee, Jung-ll Song

3.

N Zat

ol

3.1 Mz 0| oE Wy

Fig. 70 §¥Ha4s)4 S BF 571 WY FE 1
BRI, 0°2} 90° Fe] 24W A0S hehfo] &3 o)
slo] ek shelshlct

0°2} 90° WY WY Ak HFH Hao vlg
el G W A2 Selstrk o R 458
(S10/0/S12] 73, 90° o] wlsko] 0° | 24 WFol

“

(a) [S/0/0/S]

010219 Max

1\

(b) [S/0/90/S]

0089022 Max
0079131
0089239
0059348
0048457
0039565
0029674
0019783
00098913
oMin

(¢) [S/0/90/0/S]

0081524 Max
0072466
0063408
0054349
0045201
0036233
0n7s
018116
00090582

o Min

(d) [S/90/0/90/S]

Q075807 Max
0067384
0058961
0050538
o118
0033602
0025260
0016846
0008423

0 i

(e) [S/0/90/90/0/S]

Fig. 7. Equivalent plastic strain results of Carbon-Steel laminates
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Carbon-Steel laminates
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Fig. 10. Energy absorption ratio comparison of mild steel and
Carbon-Steel laminates
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