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The influence of skin/core debonding effects on the natural frequencies of
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Keywords Abstract

Composite In this paper, the effect of skin/core debonding on the dynamic response of sandwich structures with composite
Sandwich structure skins and a PVC foam core is investigated experimentally and also numerically. The separation size affects
Modal analysis strongly on the natural frequency so that with a reduction in structural stiffness due to the separation zone between
Finite element the upper skin and the core occurs, the natural frequencies decreases. Increase the length and depth of separation

reduces the local stiffness and thereby reduces the natural frequency of the structure. The composite skins are
bonded to the foam using VIP (Vacume Infusion Process) method because of VIP method can make more qualify
specimens. In order to validate the obtained results, the results of modal test and also the effect of separation
length on the natural frequencies and mode shapes in ABAQUS software are used.The results show good
agreement between the numerical and experimental tests respectively.
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2 fiber breakage

3 fiber-matrix debonding
4 delamination
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Fig. 6 The six primary mod shapes of an intact specimen
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Table3 Experimental and numerical results for the intact specimen
(Hz) so0s @L; Sg0 0 Loy
(%) (H2) 25

0.03 529 529.20 1

7 554 599.90 2

-3 1062 1026.00 3

5 1092 1160.00 4

0.13 1530 1532.00 5

4 1602 1672.00 6

3.1 AVE
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Table4 Experimental and numerical results of specimen containing
debonding zone

(HZ)Lga..\.c aLL Sg0 a)LA..'b
(%) ()2
1 139 141 1
6 292 313 2
-13 463 399.8 3
7 499 537.1 4
19 554 719.4 5
7 731 791.6 6
8.8 AVE
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Table5 Percentage difference between experimental and numerical
results of intact and specimen containing debonding zone natural
frequencies

Syl Dy o lots
- ol aigos iz L isas ’
Gode sl Sg0

Exp. Num. Exp. Num.
0, 0,
@) OO Wy H)  Hy  (H)
73 73 529.2 529 141 139 1
47 47 599.9 554 313 292 2
56 61 1026 1062 399.8 463 3
54 51 1116 1092 537.1 499 4
63 53 1532 1530 719.4 554 5
54 51 1627 1602 791.6 731 6
57 56 AVE
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Fig. 9 Changes in natural frequencies due to crack length (model-6)
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Fig. 10 shift in the natural frequency of the containing debonding
specimen comparison intact samples for different damage parameter
(D=41, 33, 25, 16, 13)
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Fig. 8 Shift in the natural frequency of the containing debonding
specimen comparison intact samples for D=30%

ol diged blie 1o Giolaz b diges srds iS58 0 ouls sl &l yois 8 Y&
D=30% !,

Frequency Shift(%o)

Sy @ gl Gl gl slp LSS i i Geies
ol alie bl 05,8 Iy olats] 5l (6 maS b a5 YL
“dee blpd o8 (b e b Ghls dged 5 plle iged (b lo
8 S ailyse ovalive LB (nig3 Lo puilS 3 ) i wil (LeSs (sl
J97e 0 el 00l awy (11 CM ilas Job) D=30% sl a5
2370 50 9l Wigald 4y Cod e b diged uilS 8 1ol aoy0 (g3g0e
o)lods il b a8 0 e ol el o3l Gisloi | Lasge o Lot o il
@ S e by plle ojle (b Sla S B 50 Slpss ao ) aoge
Sour Sl el g adgl S 092y oS el atie 93
o3l o b by il o NS Ll cos 4 ojle ol Sl
2 NS 556 g e sloyeS 5l (o plai o] blas )l slagsly 5,
S8 950 Jole (nl (o) Sz 4 D9l on (Brme Laosle >
Gl 5l sy b (5950 anlllae @ oy 3550 (il laojle (b
by (e lo 15 6y 6le Bl )oglate Grolas olal b beojle
omlaz ple Gl L ocwl jasie mls ) &5 jshiles ool oud
Sl s 9SS o el anils ials ojle b slailS 3
oy 05k SVl Jl g0 (i sl Ghalaz olad jl ol &9 srenlo
D) s e 1565 51 Lislas Jsb Lialidl sl a8 UKo ol sl o
b o ilS 3 5 45 WS e e 0l sy (hoys 41 513 5]
D=15% U Jg3 g, cnl il ails Jg3 sy, ol slal iol58l L
o (Jor g, sladie nl Sl Glulaz pad 5555 L Ll ojls sol; wad
ojbe (gl Job (IR L aboe (palS g 05 o (658
56 5 ol ok Gl 3 () oile (S (18IS il e 08
oS ol aabsl Gl b ialas Job (il b i SielS ol oS
g Seolen (5)l3; (s g ) Zmgsile ojlu onins LS5 12l
aseie glaie 5l slas Jeb moli8l b dee Lanil anily ax LSS
Pl Zmgile oile @ly 13 5 ) (ol Al 5 g, 4z )LSH 3 Shee
(A g 4950 03l 90 0 ros g 03,85 00,91 1 llasil 5590 (SlSEe
ol ol Jsb a0l gy cal 5k sely Tiome (Sl elss L
g dwlgi a8 236 (Zugails ojle LS B (5, Latine (s lake



Oea 5 53ble S35 oShe ¢yawn

s 93w slao e (sruub S L 8 (S9) pe Awd 5 A9y b Liklaa k) U6

Investigation of Interlayer Crack Effects on the Free-Vibration of
Corrugated-Face Sheet Composite Sandwich Plates", Modares
Mechanical Engineering, Vol.16, No. 5, pp. 39-50, 2016 (In
Persian).

[11] Feng, D. Aymerich, F., ”Damage Prediction in Composite
Sandwich Panels Subjected to Low-Velocity Impact”, Composite
Part A: Applied Science and Manufacturing, Vol. 52, pp. 12-22,
2013.

[12] Malekinejad, H. Rahimi, G. H. Farrokhabadi, A., "Numerical and
Experimental Investigation of Skin/Core Debonding in Composite
Sandwich Structures with Corrugated Core Under Bending
Loading" Modares Mechanical Engineering Journal, Vol. 16, No. 6,
pp. 52-62, 2016. (In Persian).

[13] Sarparast, H. Ashory, M. R. Khatibi, M. M., "Investigation of the
Accuracy of SSI-COV Method in Estimation of Modal Parameters:
Numerical and Experimental Case Studies”, Modares Mechanical
Engineering, VVol. 13, No. 10, pp. 127-139, 1392. (In Persian).

[14] Briel, Kjeer, "PULSE", Version 8.0, Sound & Vibration Measu.

1996-2003.

[15] Peeters, B., “System Identification and Damage Detection in Civil

Engineering”, PhD. Thesis, KatholiekeUniversiteit Leuven, Belgium,
2000.

[16] Aibinu, A. M. Rahman, N. A. Salami, M..E. Shafie,
A.A.”Optimal Model Order Selection for Transient Error
Autoregressive Moving Average (TERA) MRI Reconstruction
Method” Proceedings of World Academy of Science, Engineering
and Technology, Vol. 32, , pp. 2070-3740, 2008.

[17] Peeters, B. De Roeck, G., “Stochastic Subspace ldentification for
Operational Modal Analysis: A Review”, Journal of Dynamic
Systems, Measurement and Control, 021104JDS, 2001.

[18] Brincker, R. Andersen, P., “Understanding Stochastic Subspace
Identification”, Proc. of International Modal Analysis Conference
(IMAC), 2006.

[19] AIREXC 70 DATA SHEET
www.corematerials.3AComposites.com).

[20] Vyacheslav., Burlayenkoa, N. TomaszSadowski. "Influence of
Skin/Core Debonding on Free Vibration Behavior of Foam and
Honeycomb Cored Sandwich Plates”, Journal of Non-Linear
Mechanics, Vol. 45, pp. 959 — 968, 2010.

[21] Abaqus6.14/CAE User's Guide.

(available at

b Gyl B il o Bl s 5 oYL as, o Al
b oo oS

b Jo3 aigy ool 2
Rl 5 00 oy 7S ol (Jop g, e cnl 5l Glalae
-Jele.gﬂ

g 00D Wigad (rdge (b I el Sl Gee 5 Jb 1 -3
ol a3l (b S8 alS Cel A o

b olopss 31 oolisnad wille ilte slajty, b ais i 47,0 -4
3 oolaiwl (o jaelSTasd lozse sladivne 3l colatul YL J&&

O 2555 b Ll oyl ool wan D=15%

Cole jo oolaiul 0,50 sbratie plo 5 (6,00 Y slhaian
ol 8 2ol Gl 30wl Gl amsaile ool

o658 Sl do s Ginlas olal Ll b boge 31 S o -5
AL izmen g axils (Ml plle diged 4 S ol (b
il ek SlalS 3 2 iz Jsb Sl Lasge sl 5,
Sl 00l (6,508 polie

W 3l drg, Gialas dles 4l Blbl o e & yga boge JSi -6

Gl Sl haasls I (S Glpe 4 Gl ojlal g sl T
WS oo Jos Gl jgam j0 oS8

) iz Sl ws 5 agy O Gl e bl Gl (S e -8
s« gsbge ) obls aslgii ek slapalS ) Sy
Sge UK 53 0,5 (59 p A § A9y 2 SR (65518 Candse
29 g0 0dyd oS (s (RS ] T a8 el a5 3

&=l -6

[1] Malekzadeh Fard, K. and Rezaei Hassanabadi, M., “Free Vibration
and Static Bending Analysis of Curved Sandwich Panel with
Magneto-Rheological Fluid Layer in Sheets using Improved High
Order Sandwich Panel Theory" Journal of Science and Technology
of Composite, Vol. 1, No. 2, pp. 49-62, 2015.(In Persian )

[2] He, J. Fu, Z. F., "Modal Analysis" Oxford Auckland Boston
Johannesburg Melbourne New Delhi, Butterworth-Heinemann,
2001, pp. 1-4.

[3] Application of sandwich panels, Accessed 25 October 2011;
http://www.sandwichpanels.org/index.html.

[4] Lok, T.S. and Cheng, Q.H., "Free and Forced Vibration of Simply
Supported, Orthotropic Sandwich anel”, Journal of Computers and
Structures, Vol. 79, No. 3, pp. 301-312, 2001.

[5] Zenkour, A.M., "A Comperehensive Analysis of Functionally
Graded Sandwich Plates, part2" journal of International olid
structures, VVol.42, No. 18-19, pp. 5243-5258, sep.2005

[6] Natarjan, S., "Bending and Vibration of Functionally Graded
Material Sandwich Plates Using an Accurate Theory" Finite
Elements in Analysis and Design, Vol. 57, pp. 32-42, sep2012.

[7] Malekzadeh, K. Khalili, M.R. and Mittal, R.K., "Local and Global
Damped Vibrations of Plates with a Viscoelastic Soft Flexible
Core: An Improved High-order Approach™ Journal of Sandwich
Structures and Materials, Vol. 7, No. 5, pp. 431-456, 2005.

[8] Sorokin, S.V. and Ershova, O.A., "Forced and Free Vibrations of
Rectangular ~ Sandwich  Plates with  Parametric  Stiffness
Modulation" Journal of Sound and Vibration, Vol. 259, No. 1, pp.
119-143, 2003.

[9] Malekzadeh Fard, K. and Rezaei Hassanabadi, M., "Free Vibration
and Static Bending Analysis of Curved Sandwich Panel with
Magneto-Rheological Fluid Layer in Sheets using improved high
Order Sandwich Panel Theory" Journal of Science and Technology
of Composite, Vol. 1, No. 2, pp. 49-62, 2015. (In Persian )

[10] Naeimi Abkenari, A. Karimi, M., "Experimental and Numerical

9

940 LS (59U 9 pgle Ay i

J

(¥

=7}


http://www.sandwichpanels.org/index.html
http://www.corematerials.3acomposites.com/
http://desktop-g4tfkb8:2080/v6.14/books/usi/default.htm

