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Impact Analysis of a Laminated Composite Beam

by the Finite Element Method
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Abstract

A theoretical attempt is made to analyze the dynamic contact force and response of laminated
composite beams subjected to the transverse impact of steel balls. A beam finite element model
based on the modified theory for laminated composites in conjunction with static contact laws is
formulated for the theoretical investigation. Finally, it is shown that the present results are in

good argeement with some existing solutions or wave propagation theory.
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Fig. 2 Flow diagram for impact analysis of laminat-
ed composite beams
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Fig. 5 Strain response history for a clamped Fig. 7 Contact force and displacements for a [0°/45°/

-clamped[90°/45°/90°/ —45°/90°),, glass/ 0°/~45°/0°],s glass/epoxy beam subjected to

epoxy beam at 30mm from the impact point impact



r_?_
H
)
o

A4

658
GLASS/EFGXY [ 0/45/0/-45/0125 GRAFH./Epoxvnr90/45/901—45/9o129[
DIMENSIGN: 3T230We300L (MM) IDIMENSION: 3T#30W=300L (MM) .
Q BALL DTA.%12.7 (MM) g BALL DIA.~12.7 (MM) .
S{IMFACT VEL.=3(M/S) SIMFACT VEL.=3(M/S) Lo
< INODAL FOINT = 25 Q a
. . @ : FORCE L
- s 21, @ : BALL DISP. | _
©g) a4 A ¢ BEAM DISF. L8
£ Q a 3
z , 2
Ef‘ﬁ za g%
8 53 25
] Ll .
) Z 2
gg - o -
— e 3 |
=87 g @
<9 S )
x hry —_
>x (]
Lo
Z O [5
— | O
z¢ :
Z:\g_l
8 8 | 8
: T T T T T T T & —& T T g
9.00 192.60 206.06 300.90 405.00 .60 100.55 20600 366,00 406,50
TIME (MICRO-SEC.) TIME (MICRO-SEC.

Fig. 8 Strain response history for a clamped Fig. 10 Contact force and displacements for a [90°/
~clamped [0°/45°/0°/—45°/0"].s glass/epoxy 45°/90°/—45°/90°],s graphite/epoxy beam
beam at 30mm from the impact point subjected to impact.
GLASS/EFQOXY:[0/45/0/-45/0 jZS GRAFH. /EFCXY [ 30745/90/~45/30129
DIMENSIGN: 3T+30W=300L (MM) {DIMENSION: 3T230W=300L (MM)

g [BALL DIA.=12.7 (MM) g [BALL DIA.~12.7 (M)
SH{IMFACT VEL.=3(M/S) S-4IMFACT VEL . =
2 INODAL FGINT = i$ C INODAL FOINT = 25
©8 o8
. Sﬁ gl
g'&ﬁ go_
[§3 Q
ol =47
- =N
S / h:
¢ =y
> >
>x > -
=8 =3
29 =€
— e
(%3] o W 8—
S -
S | 8
0 T T T T T T 1 T T r
9.0% 190,60 205.560  30C.00  405.0C .00 100.00  206.00  306.00  405.0C
TIME (MICRO-SEC.) TIME (MICRO-SEC.)

Fig. 9 Strain response history for a clamped Fig. 11 Strain response history for a clamped

-clamped [0°/45°/0°/—45°/0"],s glass/epoxy -clamped [90°/45°/90°/ —45°/90°],s graphite/

beam at 80mm from the impact point epoxy beam at 30mm from the impact point



»10'

£0.00

STRAIN-XX (MICRO-MM/MM)

120.00

¢ 840l

GRAPH. /EPOXY:(90/45/90/-45/90129
DIMENSION: 3T#30We300L (MM)

BALL DIA.=12.7 (MM)

IMPACT VEL.=3(M/S)

NODAL FOINT = 15

—l

1

49.50
—

-

A

~-0.00
1 ]

—4?.90

9

&

[«]
(<]
o
N T T T T T
000 100.00  200.00  30G.0G  ADG.OG
TIME (MICRG-SEC.)

Fig. 12 Strain response history for a clamped
~clamped [90°/45°/90°/—45°/90°],5s graphite/
epoxy beam at 80mm from the impact point
GRAPH. /EPGXY [ 0/45/0/-45/012S
DIMENSION: 3T«30W+300L (MM) !

g [BALL DIA.=12.7 (MM) -

S IMPACT VEL.=3(M/S) B4

Q [~

i «

] [

t; m ‘ [

& A Q

o I

<+ "
~q] =
23] b
_a < =
=™ ENe)
wl N
= S
w3 g -

D

& &7 e
[& 3] -
u —
1 o

8 ‘

87 : YANG'S SOLUTION [ %

- ——— : PRESENT SOLUTION| *

o )

@ AN €

.00 | 100.56 | 206.66 | 366.65 | 408,56

TIME (MICRO~SEC.)

Fig.

13 Contact force and displacements for a [0°/

45°/0°/—45°/0"],s graphite/epoxy beam sub-

jected to impact

2

%

=R
L

&

B 374 44 659
GRAPH. /EFOXY:[0/45/07-45/0125
DIMENSION:3T230W*300L (MM)

g [BALL DIA.=12.7 (MM)

S4IMPACT VEL.=3(M/5)

W INODAL FOINT = 25

()7

o

o

=<

=

~, -

pl

=

[ ~]
o o
25 ¢
£8
<&

é-.

<o
@8
’J‘—‘ﬂ

"

[

)

o

@

N T T T T T T

3.0C i00.50 205.3% 300.50 400.00

TIME (MICRO-SEC.)

-clamped [0°/45°/0°/—45°/0"] 25

Fig. 14 Strain response history for a clamped

graphite/

epoxy beam at 30mm from the impact point

GRAPH. /EPGXY3[0/45/0/-45/012S
DIMENSICN: 3T230W=300L (MM)
BALL DIA.=12.7 (MM)
JIMFACT VEL.=3(M/S)
NODAL FQINT 7/\15

8 H
o

D

o \

3%0.00C

15?.00
i

C.0%
1

5

TRAIN-XX (MICRO-MM/MM)

S
-50.65
i i

2
(2]

o
0

T T
206.50

535-00 G. 38 305.00 '
TIME (MICRO-SEC.)

'0.00

-clamped [0°/45°/0°/ —45°/0"] s

Fig. 15 Strain response history for a clamped

graphite/

epoxy beam at 80mm from the impact point



660 o = &3
i 400 usEC
[}
i 300 usic

DISPLACEMENT (MM)
=)

o 7

e

oal /\ 100 usec
0 ~ —
~01 :
0 50 100 150 200 250 300

LENGTH (Mm)

Fig. 16 Displacement profiles of [0°/45°/0°/—45°/0"];s
glass/epoxy laminates at various times

mm "oz Y& A wF 259 "o wHIY§ &
g2AE el ez 3F °l 7}8l #] 7] xlﬂ-}o}
E AL t=0sec.E Fd HPL I 4

A|7kL 20psec. F-Folw FA Hozie Ae 30
mmE o] AjzZte 2 5wl 1500m/sec.7} o, =}
¥ ol&ol o3 Aulzte] A £x(c=/G/o=
1458m/sec.) o} 79| -2 Freo] dojxw, 1F F
Aoz He H43 S} B FolA upal
Hol olfA2 s Eol Fuj7txe A 270mm
(150+120) & °] Axtzle] 4= 1500m/sec.Z
ol 180usec.7t slof o] Azt ZulollA] A u}e}
whabsbel FAel o8] 2ol AFolzln AAEE
€ WEo]l dojulr] Alztget, ol dA A
3ho} ofF o & gieh,
“?SP Fig. 62 Fig. 59} 5938 Agol rh3le]
AollA 80mm HojA = A3 I 159 A
ﬂdf*” % FAHoz HYE WHE JA AR
55usec. FZo|=2 1455m/sec.7} =o] IF-o]
29 Auta} xof A A= AL dF U
aglz Fig. 83 Fig. 9+ [0°/45°/0°/—457/0"] 2s
2/ E A A dy¥gE S ddez giF
ofZo] o Azl &xeof A YXsln, Fig 117
Fig. 12 22]3 Fig. 149} Fig. 15% 772+ [90°/45°/

°]

S EEE IS

rio fo 0{)1

Mo

AR T
150. MATERIAL C~C BEAM
DIMENS!ON: 3T ¢30We300L (MM)
g [sALL D1A.=12.7 (M)
SJiMPACT VEL. =3 m/5) b o
8 -
oﬂ
(o]
o 3
« I
©
';OT £
8 o=
_8 55
z >
5] S
wa o
Z5 e
we -
¢ 1 s
ugdl 3
s 2
<+ o
o

20,08

T \‘
30.00
TIME (MICRO-SEC.)

T T
i0.00 20.90

Fig. 17 Contact force and displacements for a homo-
geneous, isotropic beam subjected to impact

90°/—45°/90"],, EA/AZE
0725 lﬂ/dlixloﬂ o &
2 (c=1866m/sec.) ol 2|3t
4 9=t Fig. 159 5
8 w=d [0°/45°/07/—45°/
[90°/45°/90°/ — 45°/90°] s
uhake] sle] Az wial

o oL /‘ %]\0u:1

219k [0°/45°/0°/ —45°/
+% gz 5% o
Az} 4 dAFgE
% FAEE

/0] BE 3

A% Yeeo By Aol
4571 W$ wEde
ol & [0°7/45°/0°/—457/0" ]2 &
Hell 7l [90°/45°/90°/ —45°/90°] 250 ¥l Z ul
kit Zo| wigo ol Fi Aol A =Y
w)-Fo] o,

=3 o|2] 8 o| %% Fig. 49} Fig. 7 222 Fig.
105} Fig. 13 A2 wlas v5d F43 Agol
ated [07/457/07/—45°/07)s ASE Felzb [907/
45°/90°/—457/90').s A% Jehrcl Ao A
v 2o HYE AdHez HLE 9
o], Fig. 162 A7 wslel] w2 19 o
vepdct, aelm, [07/45°7/0°/— 45/012s
o] He Adidoz ZF wskoz sjsf
o 84 o B Azle] £85mE W
2o 5 oula Adsle] g nyd
Sholl 9|3k mdlgge] o A&g |49 A

Aoz Az,

ol
2

=
o

A2
=,
©

P

ZH o
=T

=

.
oX 2

°>
-YJ-{

3|

by
3 o

R )

2
2 ol ol ot mo o

to

O

o 30 ok
o fr rir
o o

Wo of W
23

+

o] .o
A=



Fig. 17& &3 =89 34 A4
zA9 Ao Fez A FA FuU4 X
d F4 ey Azt @& HEHH
HHoz BF Algel )4 Ao wls] H3Z
b2 Ae 1/3 A5 gl Hzx &z,
4~54) Axrl g, B W= A 1/10%
2 Agg d4 ARz ¥y o 5 sk

Lo

J\"A‘ o\:o
o

2

X

JE(
i

£ o
olt e

2
fo
o
Eh)
ol
v
o

O
ob
2
ofj
& o
o)
™ o

A
>
r
2
o
ol
o
2
4»
o
o
-
¢
NG )
o
ot
o
o
N
>
>
Ofr
o

2, °l o| 2ol 2]3le] [90°/45°
[0°/45°/0°/ —45°/0"]2s2) E &
of| ZH ]9t Fod So) Z4 b
T2 3AE H%?é o 3

90

\
|
<N
1
e
©
<o

3
[—
.
%S

ofts
i)
X
M
~

O

2

s

=

oX,
N lo

ofy 2L

o2
ao 2 o

o

ek
=
2

oL

o
i,
B
%
K9
md
rlo
i,
b o
O e
ne
32
e oo je e

e
Jo
=

Z2
o o
2,

2
ox ot
2L

2 ood

ofN X K

AU |
3
e
o,

wlo o
:O{;A‘

o

2

olt X

)

o 2
oy
PR

2 oo
2 9 rh

k)
RUBNCY

Ak oo 2
Of
@
. I
Yo

2o &

-
ol
o

Az e [0°/457/0°/—45/0 ]9 H7t A
[90°/45°/90°/ —45°/90°]5s9] H 2.t} )
adv, WyE AdAoez HEL & 4

30 o o
o
o =

32 e

ORI

doouk e riu

661

o2 3

=

(1) Hertz, H., 1881, “Uber die Beruhrung fester Elas
tischer Korper”, Journal Reine Angle Math, Crelle,
Vol. 92, p. 155.

(2) ASTM, 1973. Foreign Object Impact Damage to
Composite, STP 568.

(3) Willis, J.R., 1966, “Hertzian Contact of
Anisotropic Bodies”, Journal of Mechanics and
physics of Solids, Vol. 14, pp. 163~176.

(9) Sun, C.T. and Huang, S.N., 1975, “Transverse
Impact Problems by Higher Order Beam Finite
Element”, Computers and Structures, Vol. 5, pp. 297
~303.

(5) Sun, C.T,, 1977, “An Analytical Method for Evalu-
ation of Impact Damage Energy of Laminated Com-
posites”, ASTM STP 617, pp. 427~440.

(6) Yang, S.H. and Sun, C.T., 1982, “Indentation Law
for Composite Laminates”, ASTM STP 787, pp.425
~449,

(7) Tan, T.M. and Sun, C.T., 1985, “Use of Statical
Indentation Laws in the Impact Analysis of
Laminated Composite Plates”, ASME, Journal of
Applied Mechanics, Vol. 52, pp.6~12.

(8) Crook, AW, 1952, “A study of Some Impacts
Between Metal Bodies by a Piezoelectric Method”,
Proceedings of the Royal Society, London, Series A,
Vol. 212, p. 377.

(9) Goldsmith, W.,
London.

(10) Yang, S.H., 1981, “Static and Dynamic Contact
Behaviors of Composite Laminates”, Ph. D.Disserta-

1960, Impact, Edward Arnold,

tion, Purdue University.

(11) Wilson, E.L. and Clough, RW,, 1962, “Dynamic
Response by Step by Step Matrix Analysis”, Symp.
on Use of computers in Civil Engineering, Lisbon.

(12) Jones, R.M., 1975, Mechanics of Composite Mate-
rials, MeGraw-Hill.



