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Experimental and numerical investigation of the free vibration of composite
sandwich plates with lattice cores
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Due to unique properties, lattice composite structures are used extensively in aviation, marine and
Received 15 June 2017 automotive industry. In this research, experimental and numerical investigation of the free vibration of
Accepted 21 August 2017 composite sandwich plates with triangular grid has been studied. For the fabrication of these plates,

Available Online 29 September 2017 silicone mold, filament winding, and hand lay-up method were used. Stiffened plates and simple plates

are fabricated, separately. Then, composite sandwich plates with triangular grid were created by

K ds: X . .

FfeyeW\;)iLthion attaching the two parts together. The modal test is done on the plates and natural frequencies have been

Composite sandwich plate extracted. The comparison of numerical and experimental results showed that there is a good agreement

;ri;lr]gu'_af cores between them. By using Taguchi method, a parametric study was performed on the vibrational behavior
abrication

of sandwich plates with triangular cores via three parameters such as stiffeners’ number, stiffener
thickness and skin thickness. The results show that the natural frequency of sandwich plates with
triangular grid are the most sensitivity to the stiffener thickness, and least sensitive to stiffeners’
number. The sensitivity of natural frequency is almost identical to stiffener thickness and skin thickness.
To evaluate the efficiency of sandwich plates with triangular grid, the natural frequency of sandwich
plates is compared with simple plates in the different boundary condition. The results show that the
natural frequency of sandwich plates with the triangular grid is 133% and 138% higher than an
equivalent simple shell at free and clamp boundary condition, respectively.

Taguchi method
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Fig. 1 Lattice composite plate [1]
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Fig. 2 (a) Lattice core (b) sandwich plate with lattice core

(@
Fig. 3 (a) plexi glass mold (b) silicon mold

b eduzmn b o JoSilow JIB L (gy0 38,5 18 5l ey SUI

Sllas Wb oo culan gon JLd Cow 4 (g B lags 90
S8 L alolddl b oo dalol 55 9 BLIL 5 oyl oy b BL oy
il g boauSoagl aSd 59, » SuiselS slraz)ly sleay ool
o S se Al Sitie 0d sl B9 ey 4 ATk Y e 098
Siy diged )0 S8y jsb () B ogd e ooly I8 ahe aisel (s,
5050 Tl T 518 gy 50 2ezse lse el (rizen 5 cad
S e sl ;o el 24 Do 4 bdiged (e 09, YU diges CodS
@ ks masle Gy cole lp Wed Sis S B sed oo ool

o Y Sjge 4 Yz Gy b 8 aYaiz Gy cSle
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Fig. 5 (a) stiffened plate (b)unstiffened plate (c) sandwich plate
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Table 2 Comparation of the obtained results from FEM with
Experiment

AU Hz) Lioles] (H2) sgame Ll Aigai 0,les
9.3 150 164 1
5.8 155 164 2
8.9 145 158 3

@ () ©
Fig. 10 Types of grids in Taguchi method

7B Joe o oad aib 3 ki o g 4l gl 10 Y


https://dorl.net/dor/20.1001.1.10275940.1396.17.10.58.6
https://mme.modares.ac.ir/article-15-11689-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.10275940.1396.17.10.58.6 ]

Obe 9 A )iud pllialb S9ls

e diud by GZ9 35w (i 3ga0ls SWE )9 ST clibles )l $ 3L 9 (2 )T w2

axib Y wx cels 13 L g al able beaiS el aSiud  ormdid

Oy b e 0 Sl (e AL L ool Lo (B3 (Sed Djgo &
@AYz Gy ol by oud wiSle aVaiz §)y S Sezad

-

ey
—

Mean of signal tonoise
ratio (db)

ey
(=

43

42

41

Mean of signal tonoise
ratio {db)

40 ' !
3 4 5

Stiffener thickness (mm)

&
T

iy
[¥]
T

(k)

.
juny
T

Mean of signal to noise ratio

iy
[=

1 1.5 2

o
n

Skin thickness (mim)
Fig. 11 S/N analysis of the composite sandwich plate with isogrid cores

e S8 b (ZajoralS (Zmaaile Byg 1295 4 SIS eSilee polie 11 S50

Stiffener
thickness
49%

Fig. 12 Distribution of parameters of the composite sandwich plate
with isogrid cores

S5 (e aSD b (59elS (gl B)9 slata)ly 6538 5 e 12 S

S5 e 4l b (gl (39 (gwaie Slasiin 4 Joa
Table 4 Geometrical parameters of sandwich plate with isogrid core

(MM) gy Caslieds (Mm?) o, ehaie S A
1.4 3x4 b

©Ogh e bshad ol Cadle Jlaged I (La5u ;o ST el e 590
SIS Sl Sy plgiaes 5 ead gl vl Ll loges |
@ o el (o Cuje (25U gy 50 a5 Lz 0,8 Jlaged
o rhe izme Sjgot el Sl g 0gdise odmin 2
& byl 65 ogm 4 L (oalad L LBl sl cnl e
A smyp a5l el olpen ol cadle Husd b ol lages
e ©jgo & Sl 000 Sl jdd 4 Cond (295 Dl
RVIAp
&z el 5l Sad lige bsks b suns Gl -
o a4z e gm (23] 05y 1) b pall S b anlis 5o
St 56 sammarlas Wil Su el Sy sl lages bks
b & oy T 5o e ) & 4Bbe 25 5 el ol
D9sn (s P DS
Cawds b el (g I8 51 as o g s (udbyly 3BT 51 eolaal b
Gz Vb (6,8 5 ao o b sl il @ ol (b o 5 Wi
D¢l
S b manile (355 sl s & JESe SIUT 5l ool oy gl
Wiwgy Caalies iolidl b 11 JSS Golae .l ool 11 S jo ke
Gl g dboe RlPl (el (E S anS sl sl g cals
S AN PSCSU I ISR C VS [ JOC SCHN BN IPRCI
O R (i oS (ohan oS 5 Cn e e GIPl 0 5l i
5 0auS gl Cuabrd «yin oo 2 aluwgy Caliis S o obul |y b
b yielly (65135 51 o) Jloged 12 S0 0l 0 € gy a5l 5 o e
12 IS @ azg b sl ool s il g 50UT 51 a8 amo o oylis |,
Cals A% L ouiScusi Cuwbus &gy byiel )b (6,108 51 s
Cals plply wlilbige 7% L oaSoeds olaxs g 41% L atug
oS58 69, 1y BT (n ke eaiiS o gl Slasi g 1 oy 00lIS Lo glS
5 0AS Cusll Caalns dy s grmb GulS ) Conlis il 2ol
Lyl ool S 3 oIS 2 i b 5 Sl Sy L 35 gy sl
Sualid sla el 5l plaST je s Geizres WS (oo e Sl o 4
Pl oS custs slawd s b auglin [0 diwg Culho g oaiiSCysds

.b)bw.]o&lfjé Ql).....u 59 Sy

ke a5 b (70 9l 33 shel 45 (ouwy 3 —2-7

B9 4 Caud G.L.A AL...: l.> ﬁj_\il‘a o)'L..: 6""‘;‘)5 L}.J.?u )s.la'.;.n 4
Jouz Gllae (cwsin Slasuin b (ugule 8y (hol (a5 2 @wVaix
Sirm byt o 3 e K5 | gl 359 kel lS 3 5 Jpar
o2 WY 59 4 Cuns 138% 15 15 55,0 b yi cll> 0 9 133% o5l
L glyes &5 el QT ows ol ils,8 gulidl b el i o5
ol ol e g ojle (Hhe (s e g ol Gu Sy S
o5 0 Glgice 5 o)l o sl ol WilSE iz Gy
ool 1) LS Syse GuilS 8 g cle 5 Sn Oyge 4 | bojle walise
5,5

& 5 4o -8
4 e 4t b amanile 359 o1 Olals )l w4 Gados ol o

10 opleis 17 0951396 5o (I3 SHlle (S


https://dorl.net/dor/20.1001.1.10275940.1396.17.10.58.6
https://mme.modares.ac.ir/article-15-11689-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.10275940.1396.17.10.58.6 ]

UKo 9 A )iud Yllialb S9ls

e diud by GZ9 35w (i 3ga0ls SWE )9 ST clibles )l $ 3L 9 (2 )T w2

[3] T.D. Kim, Fabrication and testing of composite isogrid stiffened cylinder,
Composite Structures, Vol. 45, No. 1, pp. 1-6, 1999.

[4] S. M. Huybrechts, T. E. Meink, P. M. Wegner, J. M. Ganley, Manufacturing
theory for advanced grid stiffened structures, Composites Part A: Applied
Science and Manufacturing, Vol. 33, No. 2, pp. 155-161, 2002.

[5] H. Zhao, Improvement of vibration damping capacity and fracture toughness
in composite laminates by the use of polymeric interleaves, The American
Society of Mechanical Engineering, Vol. 123, No. 3, pp. 309-314, 2001.

[6] [P. Jadhav, P. R. Mantena, R. F. Gibson, Energy absorption and damage
evaluation of grid stiffened composite panels under transverse loading,
Composites Part B: Engineering, VVol. 37, No. 2, pp. 191-199, 2006.

[7] P. Jadhav, P. R. Mantena, Parametric optimization of grid-stiffened
composite panels for maximizing their performance under transverse
loading, Composite Structures, Vol. 77, No. 3, pp. 353-363, 2007.

[8] M. Hemmatnezhad, G. Rahimi, M. Tajik, F. Pellicano, Experimental,
numerical and analytical investigation of free vibrational behavior of GFRP-
stiffened composite cylindrical shells, Composite Structures, Vol. 120, No.1,
pp. 509-518, 2015.

[9] G. H. Rahimi. Mehdi Zarei, Free vibration analysis of grid stiffened
composite conical shells, Journal of Science and Technology of Composites,
Vol. 4, No. 1, pp. 1-8, 2017. (in Persian .. l3)

[10] L. Chen, H. Fan, F. Sun, L. Zhao, D. Fang, Improved manufacturing method
and mechanical performances of carbon fiber reinforced lattice-core
sandwich cylinder, Thin-Walled Structures, VVol. 68, pp. 75-84, 2013.

[11]1H. Zhang, F. Sun, H. Fan, H. Chen, L. Chen, D. Fang, Free vibration
behaviors of carbon fiber reinforced lattice-core sandwich cylinder,
Composites Science and Technology, Vol. 100, No. 1, pp. 26-33, 2014.

[12] Z. Zhang, H. Chen, L. Ye, A stiffened plate element model for advanced grid
stiffened composite plates/shells, Journal of Composite Materials, Vol. 45,
No. 2, pp. 187-202, 2011.

[13] Z. Zhang, H. Chen, L. Ye, Progressive failure analysis for advanced grid
stiffened composite plates/shells, Composite Structures, VVol. 86, No. 1, pp.
45-54, 2008.

[14] V. Tahani, D. Shahgholian Ghahfarokhi, Gh. H. Rahimi, Experimental and
numerical investigation of effect of shape of ribs on flexural behavior of grid
composite plates, Modares Mechanical Engineering, Vol. 16, No. 6, pp. 303-
311, 2016. (in Persian  ..,l5)

[15] D. Shahgholian Ghahfarokhi, V. Tahani, G. H. Rahimi, Experimental and
numerical investigation of the effect of longitudinal and horizontal ribs on
flexural behavior of grid stiffened composite plates, Journal of Science and
Technology of Composites, Vol. 3, No. 4, pp. 333-342, 2017. (in
Persian _..,l5)

[16] D. Ewins, Modal Testing: Theory, Practice, and Application, Second
Edittion, pp. 305-320, New York: Research Studies Press, 2000.

[17]J. He, Z. Fu, Modal analysis theory of an SDoF dynamic system, Modal
Analysis, Second Edittion, pp. 79-93, New York: Research Studies Press,
2001.

[18] M. A. Peres, R. W. Bono, Modal testing and shaker excitation: setup
considerations and guidelines, 0148-7191, SAE Technical Paper, pp. 2011 .

[19] P. J. Ross, Taguchi Techniques for Quality Engineering: Loss Function,
Orthogonal Experiments, Parameter and Tolerance Design, Second Edittion,
pp. 50-55, New York: McGraw Hill Professional, 1988 .

[20]J. E. Choi, G. D. Ko, K. J. Kang, Taguchi method-based sensitivity study of
design parameters representing specific strength of wire-woven bulk Kagome
under compression, Composite Structures, Vol. 92, No. 10, pp. 2547-2553,
2010.

[21] N. R. Kolanu, S. S. Prakash, M. Ramji, Experimental study on compressive
behavior of GFRP stiffened panels using digital image correlation, Ocean
Engineering, Vol. 114, No. 1, pp. 290-302, 2016.

[22] D. C. Montgomery, Design and Analysis of Experiments: Second Edittion,
pp. 50-55, New York: John Wiley & Sons, 2008.

[23] A. R. Nikravan, F. Kolahan, Statistical analysis and optimization of process
parameters for cutting rate and surface roughness in wire cut machining of
TI-6AL-4V alloy, Modares Mechanical Engineering, Vol. 15, No. 9, pp.
141-152, 2016. (in Persian ..,ls)

10 o leib 17 095 1396 s (oI SBlle (Swiue

ol a¥aiz 39 b (amanile By (b 5 B alia S Jour
Table 5 Comparation of the natural frequency of sandwich plate with
multi ply plate
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