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Structure of Truss Core considering Vibration Characteristics
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Abstract

In this paper, we analyzed the laminated composite sandwich plate structure of truss core with
changing values of the designing parameters. As a result, in designing parameters of that, the more
height and thickness of the laminated composite plate's core, the more increase of natural frequency. In
this type of structure, in the case of applying core of the laminated composite plate and antisymmetric
stacking, natural frequency has high value and we calculated the optimum angle-ply making natural
frequency maximum. Natural frequency of CFRP is higher than that of GFRP. Both arc materials of the
laminated composite plate. The mode shapes are various along with the angle-ply of the laminated

composite plate.
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a = Length of plate
1 = Length between cores
t = Thickness of core
h = Height of core
M = Division of structure (a/l—1)
H
T

]

= Height ratio of structure (h/a)
= Thickness ratio of structure (t/a)
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Table1 Material properties of core, upper and

lower plates

Item list | Description

Material | CFRP (core) | GFRP (core) | SM45C (plate)
o [kg/m’] 1480 1780 7800

E: [GPa] 106.20 36.64 210

E; [GPa] 6.86 7.18 -

Gi2 [GPa] 3.57 382 -

V2 033 0.26 03

Table 2 Dimensions of structures

Ttem list Description (cm)
Length and width of structure (a) 100
Thickness of upper and lower 10
plates
Thickness of core (1) 1~5
Heigth of core (h) 5~9
Width and length of core (I) 12.5~50

- 704 -



222 AAZEA

o AAZAL 7P dubAd AAFHI &
AuA o= Fig. 20] JeEIT. 5, AAFEA A
BE 2L 339 d829 6ARREE EF I
Ao Agd 2 viEs} 95 FLHTE 9
o, Fig.32 5¥A5AE (Laminated composite
material) ¢} 37X E Ve

Fig. 2 Boundary condition of structure and meshed
shape of model

‘Mijgo0000

Fig. 3 Laminated composite construction
3. = HAA

3.1 HHMA 9 2 F

¥ AFo)a AL&% Method = Subproblem app-
roximation method 24 z} AAWMS GELS A4
3o 2 goly F gl AxAsHez A3
Izt AR FuF RS dolg L A4
EAgs ZASE e Yo, AE
>3] 7 B3]’ (Curvefitting)3}o] ZAL3Hat2
W2 AIZE gt 2AMEE 3% 5 ' FA
Jonz BRd 349 FFL A F2E
HL&3717F $-ol3,

2 o H g £

H(x) = f(x) + error @

A @9 x4 o], 2AFE dF e
=Pl e QA S (Penalty function)S X 93}
I Qon ol HAFHATE,

Minimize

#(x) = f(x)

Subject to

X <x<X; (i=1,2,3,--,n)
g <g+a (i=1,2,3,~,my)
b~ A <hi(x) (i=1,2,3,~-,myp)

@~ 1< o (x) <0+
(i=1,2,3,,m;)

=22 345 (Objective function)

A A (Design variable)
ARG 5

g, h;, w; = AT (State variable)

o;, Bi, v; = Tolerances

f
X
n

Minimize

Flopd = +6 ] ZXG) +
So@+ SEE + Zw@)]

7t 9.

4.1 CFRP 2| R&t4814

Efa 3:0q MR BFEzEY A e
uE F BAT7z29 471 B85 M, 371H 9
=7 W] (T:Thickness ratio), 3 7}A o|¥] H:
Heigth ratio), 1&]3 CFRP 9] 5714 232 Wit
o % 180 7FA ASol A IHAFTY
Rl S

Fig 4~7& B M3 FAM @ R o
v H) 7 FAESE a4A5FE e A
e wolt AFHEe 4gd QoAME (457
450 ¥ 993 AFYEHIE 2HAFFIE R
A Jeen, [45%ms, [0%0s, [0790%hor,
[90%0s & ©LHF A B5Yue oz

- 705 -



Bxy. 2gAsund A¥Y 39 437
Ol I B97 THATS A 2A v
.

i re

r Ist Natural Froquency(Division of structure M=1) !

e —m—B=008 {907,

i | —e—B00% o507,
B0
R
~e—B=00* [3°44,,
r —«—B-00" (20",
/ —»—B00" P°507,,
/ —o—Be00" '),
210 /
L3
180 |- / /
&

150 |

‘Netul Froquancy(Hz)
g 3

|—x-B000 07,
—W—R=009 {5,
—8— 1009 [45"15")

120 " N i £
0.01 002 0.03 0.04 0.05 0.06 007

[ Thidkess raw of sructue(D |
Fig.4 Ist Natural frequency according to thickness
and height ratio (M=1)

[ 20d Natural Frequancy(Division of structure M=3) !

1000 | » |—8—Be00t [0},
|—e—B=00* [0"90°],,
900 | —a— a0 0 (0],

[~ B-00f 45,
w [T B=008 [454N
/ —e—B=00” {507,
~p-B0 0" [0790),,,

—o—B-00" {0},

+ 07 [as
/ —_::_o’ l::l-.ﬁ'l.
| /‘ |o—B-000 (507,
|—4—B=0.07 {0°90°),

X~ B0 09 (0],
—¥—B=0.09 [#],
[—a— 009 [0,

\

\

\

8 8 &8 88 8 8

°
2
4

T n
0.02 0.03 004 0. 0.06 0.07

‘Thichness ratio of stracture(T) l
Fig 5 2nd Natural frequency according to thickness
and height ratio (M=3)

r 3ad Natural Froquency(Division of structare M=5) !
1200 |- T e b,

—e—F=0.0% [0%90°),,
—a—-H-0.0% 07,

/ B0t MY,

1000 | x
s [457=38
% ey

—o—Be0.07 {18487,

[~e—B=0.09 PO,

Neturel Froquency(Hz)
P
fe7
11
i

|

—+—H=0.09 [0"907,
“ot / - x—B-0.00 P,
/ |-¥--Ero 00 WY},
|-e—B-0.09 x5,
200 bt " L . . ry n
001 002 0.03 004 008 0.06 007
Thickness mtio of strocture(T) .

Fig.6 3rd Natural frequency according to thickness
and height ratio (M=5)

4th Natural Frequency(Division of structure M=7) !

1800 | j-m—B=0.0f [00°],,
—o— E=0.08 [0°907,
1600 f —a-B-0.05 (0],
[A v B0t (457,
1400 | ——E=0.08 {48545
| / —a— B0 (907,
{ 1200 L - b B0.07 f0750"),,.
| —e—B=00" 0],
| 1000 b e B=00" [,
E / - Ee0.0” (5]
By / ~e—EO® B,
T e e,
—X—B=0.09 {0,
o r / |3~ Br0.09 (45,
w00 L —a—8=0.00 [45%457,,
" " T

L 1 I '
00! 0.02 0.03 0.04 0.05 006 0.07

Fig. 7 4th Natural frequency according to thickness
and height ratio (M=7)

FetasA

CFRP o] &4 uw3 g Fuogys 2
£ GFRP &A|9 Ef2x Foj¥d BFE 4.19
Ao TE@ PHoR AT APIAAT.

Fig 8~11E 234 e FA8 (M) 2 Foly
@7t FHES5E 1fASre e BE9e
B A593 4o QoAM= ARFJFT
7t CFRP 9} vt A7IA R (457450 o QR A
zgu7t 277t P A JUExed,
[45%0s, [0°koes, [0°/90°hor, [90%)xs ®] ©AWH
93 A5FE A2 e

42 GFRP 2|

[ 15t Natural Frequeacy(Divisioa of stracture M=1) ]
Ca—B00 PO, 1

[—e—B=0.0¢ [0%00"},
—a— H=0.08 07,

[ /:
08 43
/ / I:.os [4.:4&.‘7-:
- / —4—B00" PO,
3 - 007 090,
| . —e-B007 [,
L

—4— B=0.07 [45°,,

g

Natural Froquency(Hz)
EEEE RSB

—o— 8008 [0,
—a— 1008 P90,
—— 8=0.09 [0°],
——- Br0.00 [45°],

— ot~ H=0.09 [49‘/451,,

g

)

—a— B=0.07 [457-35%,,
-

B

g

) L 3 Y
001 0.02 0.03 004 005 0.06 007

Thickness rtio of stmcture(T) '
Fig. 8 1st Natural frequency according to thickness
and height ratio (M=1)

- 706 -



2nd Natural Frequency(Division of structure M=3) I

a |—w—H=008 PO,
—e— B=0.0% [0"90°),
—a—B=008 [0°),

x
/ v
o[BS 18

X |—a—Be007 907,
[~-»— B=0 0~ [0°90°],

- B=007 0°);

500 +- /
o —#— B=0.0" 145,
—8— B 0 {5748
400 + / o H=0.00 [20°],,
%“/ ft—E=0 09 {0°90°),,,
300 / = B=008 07,

—¢— B=0.09 |45
[~ B=0.09 [45° A%
200 L I ' PR n

0.01 0.02 0.03 0.04 0.05 0.06 007

AN

Fig.9 2nd Natural frequency according to thickness
and height ratio (M=3)

3rd Natural Frequeacy(Division of structure M=5) I
1000
- m— B0 0% [90’],,
900 | “ — 050,05 [0°90 g
—A—B=0.0% [0,

/ —¥-B005 HS,
/ o Be0.08 [455AV]

—@—H=0.0° 5945
[——8=0.09 [90°),

[~ +—B=0.09 [0°%0}r
—X—E=0.09 [07,
—%—B-009 [45
~m— B0 09 PSACY

Netura] Froquency(Hz)

200 La— - L i n i
001 0.02 0.03 0.04 0.05 0.06 0.07

Thickniess ratio of structure(T) I
Fig. 10 3rd Natural frequency according to thickness
and height ratio (M=5)

[t Natural Froquency(Division of structues M=7) ]

—m— =004 [50"),,
T [e—H008 [
A~ B-005 [0,
—W— E0.0¢ [45]
—8— B=0.08 [45°48°]
[~ B=007 [90);
|—»— B=00" [0,
o B0.0 [0,
%~ B0.0" {45
8- B0.0” {48
—e— B=0.09 [90°],,
~—+— H-0.09 {090}y
=X~ B=0:09 {0
—¥—B=00v [#5°L,
—m— B=0.09 {4548

=

1200

1000

¥
Wy

..

A\
A

e
T

n 1
0.01 0.02 0. 03 04 04 0.05 0.06 0.07

[Tk o o et |
Fig. 11 4th Natural frequency according to thickness
and height ratio M=7)

4.3 SEFE3IT 30 XFEHLA

o] s A BtAF Egs oY A
YA g72E AA seEvg F BTz
A el Folwjrt F g wEl DR FFL
F7vete AFS JYehlidlt. welx, CFRP 2
GFRP9| 4, 8 AF4 eA, 8:% 2 7HAE AA
2 o BAEed F2EY IFAFF A
7t He HHHAES %ﬂé?‘s}@t} Fig. 125 A
ARSQ BAFRY AT 9,, 66 S YHEY
I gow, Table3ol: AAASF W9} =27
e Jehldth Table 5 72E9 14AFSF
7t Zitﬂﬂ He E3A38 Efs 310l HF
AF 2 YA

' Laminated composite model (Truss core) ﬁ{
i {
|
[84.08)ur
|
mid-plane
Fig. 12 Design variables
Table 3 Range of design variables
DV | Initial Lower Upper
G a 0 -90 90
OB 0 -90 90

4.4 DEHA

Table 4 ol M= FEolvl7b 0.09 ol3, FAH]7;
0.05<9 w CFRP ¢ GFRP 2] X =84S Contour
2 Jehidth M=14 Aol 123 =943
M=3, 5, 7Y AeollE 44 2~42 REYRS
el Tabled4dl Aol = REIG] B
ol A4S Yy, ()& d9FE ved
t} ARso] @ 5714 HFdd dig 1% 2
=ggo WL dAE, IAR=A AH¢
Azt o WAool AdAsA & vgstA
Vet

- 707 -



Table4 Mode shapes according to angle-ply of laminated composite and division of structure
(CFRP & GFRP, H=0.09 T=0.05)

[0°20s [0°/90°s0r [45°7-45 101

M=1
(Ist)

M=3
(2nd)

M=5
Grd)

(4th)

GFRP

(4th)
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Table 5 The optimum angle-ply of maximum natural frequency

st 2nd 3rd 4th
. [Hz] 335.69 343.82 345.60 345.60
16 4% 85 hor | [39.36°/-39.57 101 | [55.62°/-52.07 Jror | {45.00°/-45.00 107 | [45.00%-45.00 hior
] [Hz] 655.57 996.61 996.61 1174.29
crrp | M3 [0 4% 657 ior | [39.32°/-39.50% ot | [39.67%/-39.82" 101 | [39.82°/-39.82 101 | [41.28%/41.19" 101
B {Hz] 75523 1262.85 1262.86 1649.21
"7 [0 4% 95%hor | [39.78°/-39.99 101 | {40.20°/-40.42 101 | [40.20%/-40.42 101 | [40.617-40.82 101
3 [Hz] 791.33 1368.05 1368.06 1822.59
" 10 A% 05 Thor | [38.84°/-39.36 "ot | [39.76°/40.05 107 | [39.79°7/-40.01 Y01 | [40.24/40.47 10
. fHz} 310.16 337.96 338.43 338.43
[ 6% 05 hor | [38.45°/-38.77" 101 | [55.62%/-51.70")107 | [45.00°/-45.00 )01 | [45.00°7/-45.00 Tor
3 [Hz] 49343 767.17 767.17 972.38
GFRP L_ 3 164768 or | [41.267-41.4" o7 | [41.44°7-41.57 107 | [41.44°/-41.57 Y107 | [40.95°/-41.00 Y101
s [Hz] 565.99 916.33 916.34 1198.74
18 4% 08 1ot | [40.95°/-41.99% 107 | [40.95%/41.17 101 | [40.95°/-41.17 107 | [40.957-41.17 ot
M7 [Hz] 566.03 986.49 986.48 1298.8
[ 8 a% 8 5ot | [40.95°/-41.16 )01 | {40.95%/-41.15% 07 | [40.95%-41.16 07 | [40.95%7-41.16 o1
5 4= Vol. 31, pp. 257~293.
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