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ARTICLE INFO ABSTRACT
Joints are one of the most important components of engineering
Article Type: structures. Bolted connections are a common type of connection

used in sandwich and laminate structures. As with other joint
designs, these connections should be designed so that damage
does not occur at the connection area. Joints used in
telecommunications structures should be non-metallic or contain
the least amount of metal possible so as not to obstruct the
passage of waves or cause unwanted radiation. Sandwich
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composites are used for telecommunications covers (radomes),
which mustbe transparent to electromagnetic waves. The double-
curved sandwich components that form the radome dome are
connected at connection points as an integrated laminate with
bolts. This paper presents the results of an experimental and
numerical study of the compressive strength and buckling
evaluation of double-curved sandwich panels connected with
bolts. The results are used to evaluate the joints' strength against
in-plane compressive loads caused by wind.
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EXTENDED ABSTRACT

Introduction

Joints are one of the most important parts of engineering structures. Mechanical joints
are used for sandwich and laminate structures. Like the design of other joints, the design of
these connections must be such that damage does not occur in the connection area. Joints
used in telecommunication structures should be non-metallic as much as possible or with
the lowest amount of metallic materials so as not to be an obstacle to the passage of waves
or the occurrence of unwanted back-radiation. Sandwich composites are used for
telecommunications covers (radomes) that must be transparent to electromagnetic waves.
The double-curved sandwich segments that make up the radome dome are connected at the
connection points as a single laminate and with metallic bolts. Telecommunication radomes
are an important part of telecommunication systems that are responsible for protecting the
system from environmental conditions. The structure of the radome must be such that it
meets the main requirements both in terms of telecommunication and mechanical. Hence,
its design is accompanied by challenges.

Methodology

In this paper;, the analysis process has been carried out experimentally and numerically.
ABAQU has been used in the software analysis. The method of manufacturing and producing
compression specimens is explained below. Cconsidering the importance of joints in
sandwich structures of telecommunication radome, by manufacturing a sample of these
joints, the influence of the construction process and geometric shape on the compressive
strength of the structure has been investigated.

In order to find the critical buckling load, the samples were tested by a Zwick
compression testing machine with a force capacity of 500 kN. The samples were clamped in
the machine with a length of 41 cm in both ends. The samples were placed 5 cm inside the

Figure 1. Schematic of joint mould to manufacturing a sandwich panel joint
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Joints used in telecommunication structures should be non-metallic as much as possible
or with the lowest number of metallic materials so as not to be an obstacle to the passage of
waves or the occurrence of unwanted back-radiation. Sandwich composites are used for
telecommunications covers (radomes) that must be transparent to electromagnetic waves.
The double-curved sandwich segments that make up the radome dome are connected at the
connection points as a single laminate and with metallic bolts. In this article, the
compressive strength and buckling evaluation of double-curved sandwich panels jointed
with bolt have been investigated, numerically and experimentally. The obtained results are
used to evaluate the strength of the joints against in-plane compressive loads caused by
wind load.

Results and discussion

According to the extracted experimental results, the critical buckling load is reported at
1300 newtons. The damage process of the sample from the beginning of the loading period
to the end.

In order to use numerical analysis to accurately evaluate the connection, a boundary
element model of the connection was built and analyzed in ABAQUS software. The boundary
conditions and loading were modeled according to the tested condition in the machine jaw
and edge loading was used for loading. The sandwich panel model is three-dimensional and
the properties of the different foam sections, surfaces and metal parts were defined by
defining the cross-section in the structure. The mesh dimensions were determined after the
mesh analysis process and a larger number of elements were used in critical areas such as
bolts.

At the moment when the highest critical buckling load was reported in the experimental
analysis, the amount of shear stress distributed in the connection is reported in Figure 2.
The maximum stress reported is 660 kPa, which is higher than the shear strength of foam
(560 MPa). This indicates that the estimation of failure will start from this area.

goale Facktor: +0.29

Max: +6.690e-01
Elem: DC-5L-9-3-1.3540
Node: 855

ODB: Job-d.0db  Abaqus/Standard 2022 Wed Aug 30 22:0435%
Step: Step-1
A 7 Trcrement St Step Time = 2 SOD0E-02
Xy Primary Var: S, 512

Figure 2. The highest shear stress in the foam-core connection area equals 669 MPa
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Figure 3. Experimental process of edge-wised compression test and failure modes

Numerical results are compared with experimental results. Experimental tests are
performed according to the test set up of figure 3.

At the moment when the maximum critical buckling load was reported in the
experimental analysis, the amount of shear stresses distributed in the connection was
reported. The maximum stress reported is 660 kPa, which is higher than the shear strength
of the foam (560 MPa). This indicates that the failure initiation is estimated to be from this
area. The results obtained are in very good agreement with the reported experimental
results.

Conclusion

Compressive loading is one of the common loads on the sandwich structures of
telecommunications radomes. By experimentally and numerically evaluating the durability
of this structure with respect to compressive loads, the allowable design values were
reached.

Comparison of the maximum critical buckling load in the test and experimental results
has brought good results. The double curvature of the structure has added to its complexity.
The proposed construction method and materials can be used in operational structures.

Acknowledgment
Hereby, | am grateful for the efforts of Dr. Hosseini Farrash who helped me in completing

this project.



Gyl (o KGN ke aoliluad
yy-4o oy b)w Y 0,9 V€0l
https://karafan.tvu.ac.ir :4) wid (w5

d ) :10.48301/kssa.2025.500045.3123

3

wlidlgd 1ol 0931y lod! 93 50 jemlS i augilw OYLaS] Judow

¥ il s (s3ge U g ilisee wme Y gane Lo ple

ol ol e o oSl SlSle i 09,5 kil <Y
Oyl gl g8l s o (SlSe wdigs 09,8 okl =Y

LRVLES

Ao WleWb!

VLl ) o oYLl it i slaojle slo i o imte 5l oYLl

by dlie o g4

Ylasl Ko (olhb asle 4 aites aVaiz § augaile gleojle gl Jslae
i 3] Ll 4 5l e a5 4Bl e 4 b 50 oYLl ol b
Ll 3l et oY i ol g e oolitl Sl pbke slaojlo ,o 45 Y]
alulyrl miaid jon b glyel jeee pln 5o ole B osily 318 slge Jlade ( yeS

A RAVARVA SRRV E PR PR
VR YY e 6,505
VXA e (Womdy

Blad cwndblieg iSUl lgel 4y Cod Wb a5 (pgol) S1pbee o iiisy gl arils
oS olilgs mmgnile slizl 0gd oo oolainl (Zmgnile oy jeels 51 ausl
a b4z LSS Cuined SO O g0 4y Jlasl bl jo aiies pgol; 0uS saias LSis
Sl s 6oled plotial gous 5 (2 oy Alke (nl jo gD oo Jate oo 4
Sty bl .l oads il s b onds Jate ozl 9o sl Juzmgnile iileS
5 b slamio fyg,0 o lid slayl ol o Jlasl plSoxinl lie (Sbj,l 51y odnl

55 (0 |8 o3kl 3550 3L (S35

55l S
)

Sl st
Ju ol
UisleS
Cojgels

l5ee Ao 1 ghanno Dt 95
1S9 S Cannny

m_mokhtari@tvu.ac.ir

# @ (1) & | ©2024 the authors. Published by National University of Skill,
Nt Tehran, Iran. This article is an open-access article distributed
under the terms and conditions of the Creative Commons

Attribution-Noncommercial 4.0 International (CC BY-NC License)

(https://creativecommons.org/licenses/by-nc/4.0/)

YOYA-¥YY. 1 Saig pSUl gL
YYAY-AVa5 1 gl bl



https://creativecommons.org/licenses/by-nc/4.0/
https://portal.issn.org/resource/ISSN/2538-4430
https://portal.issn.org/resource/ISSN/2382-9796
https://karafan.tvu.ac.ir/
https://doi.org/10.48301/kssa.2025.500045.3123
mailto:m_mokhtari@tvu.ac.ir
https://orcid.org/0009-0006-7831-6517
https://orcid.org/0000-0002-3816-2975
https://orcid.org/0000-0002-3304-6895

Ol g (guume Lo yule VY-8 O ol «(VF+0) VY (481,15 cole aolilad

Ao
aiile slojles lakad Ko 9 Zugaile slan Jlasl a5 cu | Sois lax eVlasl glgl 5l o1 S Jlasl
pold ] oSty 5 Sl bl daaer wils e Ll § cma Grzres g ol dofidg o8
il Sld gucbolisog iUl gloal ol 5o Wl (Sl Slasiine »odle (Vagal) (Sl lagidy ilu oo
pooly sloosl 3l idn o Svae Glaie 4 pgoly alites slayisy Jlasl gl oolaiw 9,50 (SlSe YL s]
g Sl ctad s oSl 5 638 bagy 5l eoliiul Cub 3 g STl Ll we i5u (pl el s
S50 90 50 Glgie 4 i 3 Con i jeelS sl )liSle 5 CYla il g40 g0 Jla il Sl plSoiin |k 5l o
Gl 009y calira Hlgol jo (gladdle

chlie (Sleriez @Y (sl ujopels slaciial (S 5 ()lid canSs Y- 00 Jlujo [N o en 5 Sy
aYay Jold slaind BUIL oad Cogll (6 pouk (sladiges 55l 03,23 Ltalojl sl )13 (wy 35901,
oS Slapilie it S50 sl dgazaglell 3l Joe 3l g ad plonl iz 5 ST aud 4 glagad
A oolail jlid cos

o Nz (S5l (LjerelS slaiial (g)lind S g ileS 3, Voo A Jlo s Y] 2 iSen 5 Mo

Golmid e S i by Sl kS )b lacas ojlasl il JTaols 18—y 0550 1y 5 i a¥aY
Oezad g idd oo (ol | laciie) (6 )Lid Can Sl b g (HileST b o oS 5 gae aS ol ol oals e
) Zajeels slaa (65Led S b g LS Sk p (w2 B ST (n ) sleaY Culs

g adad SUI Glsulgs soie oojemelS Juzugaile cw ppa Veed Jlo o [¥] ailSen 5 Juu S5
BN oolaiul Sy90 ‘5»4)9.‘.9[5 SNy LS‘LDO)[_...; 6‘).3 L_;;.J&A 9 ‘fo).c )La S ‘5)9.».1) ayY 9 PQS VW 4_....41.0.0
g)‘.’.l 5 aS Cow | Lspayo U,MJLQS gé)LMS Ls.o).c )lJ Cod Lngo)Lw 6‘;) b..\A—‘be o )‘ ‘55.1 J......>|\)JJ LSMMS
)ngmj J....._‘B)f)b.‘a allae S0 @)24560..\: u)ya mom QSZJB\A-’LAAJ ‘_gL:eJJb W PRV &R allas
Ao iales] of Sy ous

b o ieelS cmie maaile b o 0 mdge slaomio ileS VY Lo o [F] cliga o g5
ol szl glads b g S3b sloasw g a5 Wio S osalin o l.adl 8,8 oy el Sjge a4 )l (g Lid
Lﬁu]w‘aw u»)‘)fw‘iéyo[nsbd.u)ﬁ)é LQAJB)&_MSMJ o|x>)5a..5‘5a M)Du‘)d.os.owwlaw
s glay o bays; (adge (RleS r3lail ;36 4 (g5 Wilgi o Y plednz (b &S wis S )l
b g Cl ooz aBlo iy o bzl 50 36 ) 5 il o o il A il cude L5 Ll
G28 b ey 0550 NS pes sl ol (bl (oS D jgo 4y (RS (S jerelS slaaY
ol slodaxd

W d g5 g lod Ll Jlg)land b cov sla iy guanile (Sl L3, 5 35,50 glayal )by Koo
L slels gnilow (gly cimnn liz! (uileS” Sb5)l g )8 (6 )lT )L ( plos Lyl i o) 0 £9—S50 ]
Cojemels o s, s lid slagew b Ll o plol Y10 Jlo 0 [0] )Kes g g b 95 0,0 sloatnn

' Insert
¥ Radome



YY-30 ) oyl ((1F+8) YT (3,18 sole aolilind e o2 bmil 98 o jemolS oy g geile oYL Juloxs

o5 il ax @ WO L P+ sloo odgamme o (j5ealS gugiles slo bl (55, (o>, jLin d slaiulejl o
@l 285 )18 ko g (o 3590 S 0380 9 (55088 ke 155128 Cunglie  Led Dl s i sl
el Vb glod a5 b 10 05 o ol | g (55l d Jodo talidl a4 yorie (oled Syms w23,y a5 ol plis Loy

[7] o) 5o 5 sobTos Gy el iy o (g lad L3, dis g9 S0 pw p e aS Y. Ko
S IS g Cujersls Y o g pod jl JSake Al 5 (sl ladiing b (gl sla)lisle 18, ool
(e 5 (sladized (ouye JEBT Jalds (wain JSb dw Sl a8 15 (o) 0 90 (278 Dpge 4 )8 L
oy dislu ress)‘ a5 oolw Mml;&)a mwb@bﬁw‘om ﬁ;)h)é)locyc w)}uolswél))
F}S )| A 6‘)" 9 ool axslu LS.MS})‘ 338 0 ML: Mw )| )L) Ty w)}a...cls AJY o | 00 MJLM
aiile) (SilSe Lolgs i (o fazge aVaiz Cujemels 5l ool a5 sd oyl @l ol eolinw IPVC
LY b ke by yo |y baojls cnl ()39 4 (SilSo olem Canns g ((Soylizr (5970 (s ()L S Cunglie
Ere s LSl sl (S (ols> (n e & 08 B)I5S alite sladas JSD (cw )y b i o0 St
ol IS

03 #5550 O] nl Jlail 4l (28,5 11 5 gy aliond 9o (sl sl g0 5 o (o)
Al 5o o abadls LT s 5l olit ol 236 05,8 oy Yo VY L o [V] 3 Ken g sobp 5 a5 e
ol 00 4.4..>L>).: UT LY U‘“"b5)" u)' )° a5 ol 03g) 6*5)‘9*’ )l L?“"IAS )L: LS’L))| 9 Lg)Lw.‘)

0391 ()5 dgy ABIE 50 45 Cew | Slegd g 5 Ll 5 sl ky sl 4 bgye il s Lo >
@ e | 13,95 5 pdy Gillanl atws S 5l a5 Slisulgs gugnile o Julos L YY) Jlo o (Al G 575 oo
Py 4y 9 P90 asdye esl Ao (o5 S¥olas I gy ol 0 s T4 logy o Jloygi 9 (55 2 B3, Sl
odid oy Alie (pl )0 oduzmn owie K5 £95 g ol ool solitw e ayg, Sl aY Y bl 6y

L Jb s (sl oty axsl calises (sla i (iileS plotinl § (i Yo ¥ Jlo yo 4] o Kaa 5 bS58
390k e Ly o T ogllasl Loyl slaojl 5o (aileS™ aiols 3 (g 2 990 1) (koS 5 (2025 )90 @
D23 o i |y 03l L8 aze

Sl b 5emelS slo s g bagygins (—ilai ) g il 18, VoV Jw 0 Vo] o Ken g gaomne
g3 Ol ) OIS E (w9590 (275 Djgo |y (o098 diws g oS alladd Sl 4y, gl (Zmgaile
Sk 9oV s 0 X o aoo b o) 6 (599380 58U rizman § (WL Sl b a0 3
0,3 gl 99380 oy (ST 4 oolus atus | atus s b a5 0l sdaline .0 )8 plml iy gugaile 5 ol
Ol i (s e 0 Y diged 10 DS gl 8l b sl 00,5 Ty il aue 0 YY LuileS Sl (595

Ol C 8l zugils pgaly Ju diges sl (6005 o5l g >k YeNd Jlow o [N ) Ken 5 (5 lise
3 iges odgl (595 (275 SloOgesl g (o Sie (P o] sidlpladl (925 Lpge 4] (e L lga )10, (6l
Loy 4 bogsye (23laS” (19051 5 (ormablinng iUl (slagygo3] ol e 4y C il (g lislm ol (sl (amgailes p90l,
o9yl 9 VYR wsﬂe] S5 p5 58 sgame Gledl (gllow a5 L Sl ()l bl aizren isls sl Iy
lp LS Ggal @S Toad (b)) (o aboliniog ST (y905T b (o abolising 58U (5 y90 500 (2l 9 (LS
&S Jood el b an 1y 953 VA (leST (L U ilgs e o3l pl 45T dls o yli ey as b SS9 gmgailes
b ikd g0 BB 5 4 )b Sy (5900 28l gloydguone 4y bgye Doyl (—rloliiog Sl (glo g5 3l



Oy g guune Loyl VY-8 ) olous ((VF+B) VY (31,15 sole dolilad

Gy ool el ool anle § b sdiged a5 0l aseii s g Caw lodd Culalodgame jo polis 3,
Syls 1y adel sladiges

b s genile ans Sl (b)) s )L Sk (o s 2 45 950 (o0 (AFde B Al (o yp b
@ 5 bzl g glroslw Lo Jo g go0e Judow ol oads Bl iy sl iagh o g0k ol 8
ap &S Sl Jlo g3 ol 4 S5 aine (oa)p 9)90 oS (g R L oS Sl 039y (o590 (lpie
5w o 090 OsS Uellie ol ooals adF lai o pls aw wia b ol g0 zugaile slaojle SYlasl
5 o liblyn Jly Sl slagil (ns itz o laojls ol ot @ 455 L g, (o sl 438,55 5 s
WS (0 (pbg) G 5l G ) Lol cnl el el (60087 sl Gl ) (ol (sl

O S8, olwliod ¢ Sl pbre slololy slapgal, jo bl 98 slo o gmgdilow 08 i w8 0 )5 4 g3 b
[yl & A 5 Sloyed g allie cpl jo oads 5158 diuiin (ol ycasl Jloje5 5 oYL Coal 5l ool
i 2gh Gloe 4 olisdl 50 gla iy guasile jo ad, 15 4 OYlasl o206 ow p ol odd o)la] Jadi 4
GO g (2,75 mwyp d Alin (pl o oo (555 0ad )y (Sl Eaiod (o dwais b oS el
o Gl e loads a3 ls (2o OYlaslloads diy Hlisdl 90 slo by gugaile )0 (glad Lad (o )la5 )L
sgazme Sladl 158 05 5l g goae slo ol (g, lid )b o Sl s, p s g oolidl 5lasl ol 040

el oo oolizil ABAQUS

oSl 05y b s sl diges s lind 6,38 b o olidl g0 sls iy gugnile (SlSo [, s p sl
Sl s oslil s (5)5sle gz sl B 5| JLasl g5 o el (ol o asle ass GUI5 AYA
ol o &Sy ey aiged 4 ot eslid slad Lol 1 oy 5 goue gl Lol (6l o digas

xlad (sl 0ad (et 0 ()5 Cpizmen 9 (0 9 SUl (plo> 9,90 50 Bt g (et i Slalllae (o )2 b
s EPL1012 ¢ ,lw oS L) ciulsn aSsal iy 5 onsS Voo s Fev ootiail ai o GLII a8 0l amis
it (6l AL VY Sjgo a4 (55 4 50l o 09 eolinl o3l el 0 EPH112 Yeauses,
ool 0ud ool caSe o p e S A (S8 L By b st Sl

I Cold cure
2 Hardener



VY30 ) ojleus ((VF+B) YT (531,05 cale aolibias e Ul 95 (i1 jowolS iy g gilo Y Las| o

i

Olyeds (Sl () OF > 48,54 Slge 5 (wd sz 4 B9y 9 (1 SL) dtey B g 05l Sl
Bl g oS Zasi lyiear B ggi jlondaiil atid az )y 5 i

S o..\.i.";@‘l.]a o 90 O jgody B oSl Gl cwlin g,y Slocil g o..)..i';u’.‘;-b]a Gojbw a4 azgi b

« LB

22Ul 93 o2 guilus padly LB o yb Seile . ¥ S

[3-1 1% @i sz 4 Gy Al )5 Sl oo 9 Caxico 0 39750 (sladiges 4 4255 L
WY i Geizmes ad ol [N F Lris GlaYair Jlasl ad cannd 6lp g (Sugtile a3 sl
5 e Lo Ceo 8 gl [V VeIV fpgd]S oy may a5 4 SL s sl i
s ol Yo Jlail ad Coond gl [§ /Y /Feve o/ /Y- ]S

F ) 50 iy 10085 (59 2 08 9 e Ay 9 ST R0 55 2 B ST



o) g goums Us ke VY-8 1) o,lous ((VF+B) YT 81,15 code aolibad

Cdty (5 2 o0 i Caridg jo o Limil g0 2o guil LIB LY IS

Slakad 4y 55 o ols By a5 Cenloads ools oyl oals wisle bl 50 gugsile gboojle ¥ USS o
W X WP VES I ﬁ}&:b o)L...: JLaS‘ 6‘}" ).&>9f

JUail gl522] ok s g Lzl 90 (s giilas gl s ¥ JSCs

R 5 Tt Ay 4 NS g Al 035 (i 5 xSl Jlasl gl amgaile slaosle cle ol Gy
b ronkes Y2 V) e olal ugaile Coonad it 5 208 4 Jlas! Galises gla oo slul o Jaze M12
oS jshailen (O JS&) o bige yiankeo B0 culies b (Jladl ad) vl o8 g jtondio V) (2 S0le Cilis
55 890 digas ol | g Jlasl ! o a8 canl (gl Sllae 5 Sl pbe SlalIl slal cpl Clsel e w6 L)
el 00l Bl o Ssio



VY-8 ) o ko ((VF+B) YT 81,15 code aolilial e Ul 95 (i1 jowolS iy g gilo Y Las| o

& JLail b ooy baso (o Lxil 9o (20 goilw glaojlw & S5

SilesT el s,

So by il ZWICK 285 a8 s oS s Ja 5 laaigas (uileS Joms )l 00,5 gy Sz
52 ) ladiges i diwns oK 8 59,0 oS o g0 Laalyd 0 FY CM Jgb @ badiges iy cews 0+ - KN
(P JS8) 958 ol a8 5l 4y (55,0 Ll 2 B ol ] 8 S8 09,0 0 CM (e 4 )10



OB g e Lo ple VY-8 3 ol (1F+0) YF (31,15 ole anbilias

Comnd Jl’ )\5 JL‘;‘ 4}'9&3 9 )L&é G 0w i i&w’\

5 s ol oS aloxl diges oz S5 b a4 Joate (zmgailw slaoslw ples sl (2leS 90
el o LA S 5V S 0 ,KaSs 4 e slool (sladiges



VY30 ) ojleus ((VF+B) YT (531,05 cale aolibias e Ul 95 (i1 jowolS iy g gilo Y Las| o

Force (N)

2500

2000

1500

1000

500

-500

— — EP-NNC-1
----- EP-NNC-2
EP-NNC-3
EP-NNC-4

\.“ N
o ‘\‘v-'-'l'\f‘_._,\’ )
:__,— o N Y }‘ :—:}r:M

T IV%= vt - Vyra

l-’

Displacement (mm)

bl 99 (o guiles slrojlu (o lmler — g i Hlogei .V S




OB g e Lo ple VY-8 3 ol (1F+0) YF (31,15 ole anbilias

g 4905 (2 pgd 4igns (o Jsl Aignd (s ozms gl (sl 3us o (5,01 51 A S
Pl wiged (9

il 90 (995l 6 JLail (gl (MM) copnsl 6 ylomr 5 (N) o0y Jaord 6,138 11 i ) Jpoir

SSbeo ¥ diges Y dges Y diges ) diges
Fmax Disp. Fmax Disp. Fmax Disp. Fmax Disp. Fmax
6L‘z’g
VYol VA VAY - VY \oYa/s <A VEof VY Y- fAA )
ol

Jlail 3l o ppaal Cusgams g Jlail o o505 Conal o | (sladge 009 oS 5 Cwdle 4y axgi

A JSo Gillas ol alosl ABAQUS 138 o 5 L Jlasl jo oas ools &) slo gl > (o585l g00e (55l
685 6l g sl o Joe ol S8 p0 o0 sl Camd g Billae (6,105 L 5 (550 Ll dadiges olel
(098 ilize S isn ple g Canl Gam A Djge A o gl Joe sl oads oolain ! gl ad (6,135 L
b Jlailejle og olissl cle 4y .l ooy vl ojls ;8 SECTION oy ya5 b (5318 laka g o 4y,
oy o LS St jlosliinl a5 Sl 5l oS o )28 lojed jsb a1y Lded g s)Lid S 5 sl b il
Dynamic &y 5 Step <G iy, L 1Y D3l o oS 5 (6 8L 090 4 g g lid )l oy 4 Lo 58
SEEP ;5 39 (0 loged (ied 5 (55188 bl b ad xSl loj b it (6,5 31 b3l & explicit
3], 5] o aS b ol o el aids j0 tewdio O l5e 4 9,58 Mg,y Gl (6,08 L F 5 oo b oy yas



VY30 ) ojleus ((VF+B) YT (531,05 cale aolibias e Ul 95 (i1 jowolS iy g gilo Y Las| o

Sam bploll coaS ol a8 5 0 s (g i lall slowd 3l s wiile Glpu (el 0 g ad i Vel o
el oo oolo lad Ve S j0 a4l plu Juboo

e ;
290 Ceomw (il Jdo S 50 g Caomw ST 3l 00 i (6 5LAS (65135 5L) (550t p Jlos! Sileds A S
(Jlas!
3,000
2,500
2,000
= L0 5 S s s b s
% 1500
“ 1000
o st b L o
500 mesh study
0
0 2000 4000 6000 8000 10,000 12,000 14,000 16000
Element Number

TBuckle-Fina.odb  abagus/Standard 2022 Sat Jul 22 07:43:17 Iran Standard Time 2023
Step: Step-1
Increment 0: Step Time = 0.000

X
ey ol yod a goue o ol ouls plonil (guds Sl g (o Uil 90 (o guili JLlail 5 o lods Ve SO
(g 59 Jloygh G5 SLawo ) a8 o3luil 1 Gewly S|

| g, (V) JS5) el 00l (5135 g VYoo jo 2leS Slime b woads gl Sl o)26 ol Gillas
ol 00 00ls HLas VY S el )0 Ll B (6,35 ,L 0,00 (glatl 5l digas

' Mesh study



Force (N)

Pressur

o) g goums Us ke VY-8 1) o,lous ((VF+B) YT 81,15 code aolibad

000

500

000

500 ~———EP-NNC-3

0 0.2 0.4 0.6 0.8 1

500 Displacement (mm)

O 1Wee 5L yo (13 Jomo (rdgl (rlwlidy 9 (Sl Jlail cand (o120 gl VY Sl

S odd ae o g sl ke wd (B)IS opm Jldow jo GleST Sl b o i oS slalad yo

5 dwdin (0g O)liie e 4y a5 3.5 co 00yd IS (1l 0 pizmes (el ol (51 VY SS O jge a4 Ll

O i S | 2 Sl jlasl gllas (L3 cpl g o |yl Syge ) 5 Jlasl o o 8, (g )3T

b duslio 10 a5 Gl JSuly oLS 8+ ol 03,8 ool 1) Jou8 BB o] lans oS (o0 Julow 0 o0 i)l

£y (a5 a5 el Gl 0aims (Las el (et el (g i e (JSwliglS OF+) pgd o8y plSoxinl laiie
D Jgd B Slgeen VY S 10 00l ()55 0y28 ol b sdel Gy gl 0g wales 4l ol 51 ol

Scale Factor: +0.29

Max: +6.690e-01
Elem: DC-SL-9-3-1.354
Mode: 855

ODB: Job-d.odb  Abagus/Standard 2022 Wed Aug 30 22:04: 389
Step: Step-1
A 7 Tncrement | St Step Time = 2. SO00E-02
Xy Primary Var: 5, 512

JUeul gl PPAL ply a4y 098 JLail 4ol 50 (o (A5 (2 il NY S0



VY-8 ) o5leds ((1F+8) YY (31,15 cole aolibiasd e Ul 93 53 59welS’ Sy g gl YL Jukoxi

LS ot ploil (o 30 g iges (S ol iales IY JS

\\"~‘\)L.)a‘m)‘laz.d%&b?o)quylysl oled Jleel o ol ploxil (go0e Judow oy b

oleS oo &5 o 5 (Slyre b anglie .l oud g les (278 Cend (rdge (iileS Sl &, e 40 9 (T

Sl goue @l g ams oo (la S (228 9 s30e S |y (95 Blbal (so0e 5 (0,25 Sladigel 10 (22 5
el 00 (555 Y Jgoz 50 0,28 el b anolie g (s0ae Judod 5l oawl Casay gl S e

ool ol (2325 9 (GO0 gl duns Lo ¥ Jgur

t.s_":“.’)‘-' S ) . J_';;n D I R ) Lg)l_;l:.é)l.g
. . JL"’“ (= T L. ()—:—JS‘ L ) .

49) 4 P9 . ‘
4,).5) odu o

kPa kPa - mm N
J—s cle o
Jee—al S lejpen ) .
Jomenile U8 e e
o] @ ol




Oy g guune Loyl VY-8 ) olous ((VF+B) VY (31,15 sole dolilad

w‘»
O+ 774 Sa, Yy \Y-4
o @enle e

e

4?._..:[7;/.’

- - - - 7.4 >\7,

(e

Goge g gl

5 60 ol duwslie al w3y, Zmgaile Hlisdl 9o Jlail (g,Lad plSocinl (i b3 & Giwess cpl yo
b plodl (ol (o2 390 (Lol Cu (028

L)bu@bubwsowk}oaﬁ)bwwuoj\ JB»)JM;U)BW@)WW?MLM
V¥ Jade opl Joo (gl g aiS Joos Wilgs o |y (g VY08 Jloail opl lagia yob 4y a8 ols (i )]
5 @0 i Judog 3,k 5l Lol ol 050 a5 il J 0 sl cway polie i valys bul> e Jee

bl Gl sl (i diion Jle el ool plosl Jlasl a0 5 5 g Jloygs (slo s dunlio b )] s
Jlaslsb Jome 0 dnd g gy o 52>l 50 9 (B 2 858 3l (P 090 Gyl s B (Rl L g 0l Bl >
RS RON

WA s T sl ooz slive 5 (2 @l ol | e Jla 3l 59y oo B )l 8 ()35 e
é%ﬁ*ﬁj(qﬁy@{t’d‘sé)w g;.m)!a‘Jj‘_JLaslmmdoye%Agaszg.Mlom 03} CyaaSS (yigud
a9, 5 wd Sl (Jlasl 4zl o Sod ¥ a¥ s cboge (o ggsile 4 Cuied Jlash) ksl
o] Oyt 4 dan (SIS 5 a5, 0 (Sab Y 4wy, Sy el § @il G Jlasl 15 5
Jlid s 0 oloulx — g5 s Wy, s Jelime 0digy (i o] g0 4 S 91,8 )0 &S siiun
WS oo e 1y 00lg (6551 S S (o pdy 9 syl 8 5L Jeo bojle ol &S e | Gon JB & j90 (py
Jos Joe 10 di @ g,y Jlasl 4l 5l o T oyl a5 ams o lins (0)28 5 (639 guls oyl 135 o ,LS
63}9 w‘)ﬁ‘ «.\33) wl.u‘ »9 4.»3; U)ﬁaﬂ u“.\QL«M.o d,».]c w‘ 4;3/,\..? g,u.u.oJ )L.’>Lw LY k_5.7!)5».\.>Lm O)L-AJ U"\""‘
§ A Sl gy (Sod Y 4Y oS5 Glacaw] ol sl 5l am ( olula—g 5 oged 10 ead ols &,
9 O)'L.u Lgl.:;d‘ u’l’..(blf)" ‘oAiQWT L;Lmvia':g 65.‘4[5.«: 65.\..» J.a.‘a e a4y can | osalins JJ[S 9, 65).? Lul.Q,\

b anlie .l oolidl slasl ayg, 4y ains Jlasl Joro 5 W’I@fi‘; 488 Djeo g Juloo bl
e sy Bllasil s loads pl ¥ Jauz 50 (iileS )b sl Ll o BTN 5l s L o208 g (s00e
ey @bub S| Qbfﬁ/l.g e )L.i;é Cend sl oﬁf g,é)f J:z.a ;M 4 @S S jd el oolaw! b‘g—o
ol pae Wilg o (65555 polie b duslie 40 o5l oy (6 pdy Bllasl e sl ouls glulils (go0e olxl> o
&) ol 090 g (55lad plSxinl Jlaie 51 Ml L g o o oF sl w0 Sl g o)) slade 0 s
@l o3l Cusi 5 (ST sl b plosl gl Ty ol (3l gy ilaz Cules 10 g gy (x50 S o0l
5,5 aalgz b ol g lad plSoul sl )



VY-8 3 oyles ((1F+B) YT (81,15 sole anlibiad e 2Bl 90 (3 39wl oy g gl YLl Sl
References

[1] Wang, X., Pont-Lezica, 1., Harris, J. M., Guild, F. J., & Pavier, M. J., Compressive failure of
composite laminates containing multiple delaminations. Composites Science and
Technology, 2005. 65(2): 191-200. DOI:10.1016/j.compscitech.2004.06.010

[2] Aslan, Z. and M. Sahin, “Buckling behavior and compressive failure of composite

laminates containing multiple large delaminations”. Composite Structures, 2009.
89(3):382-390. DOI:10.1016/j.compstruct.2008.08.011
[3] Truxel, A., Grenestedt, J. L., & Caccese, V. (2009). Doubly Curved Composite Sandwich
Panels for Hybrid Composite/Metal Ship Structures (No. C2004015RPT05). Defense
Technical Information Center. https://search.worldcat.org/title/495783505

[4] Gao, Y.and M.S.H. Fatt, Local facesheet pulse buckling in a curved, composite sandwich
panel. Composite Structures, 2013. 104: 249-260. DOI:10.1016/j. compstruct.
2013.04.037

[5] Liu,J., Qiao, W., Liu, J., Xie, D., Zhou, Z., Ma, L., & Wu, L., The compressive responses
of glass fiber composite pyramidal truss cores sandwich panel at different temperatures.
Composites Part A: Applied Science and Manufacturing, 2015. 73: 93-100.
DOI:10.1016/j.compositesa.2015.03.004

[6] Dehabadi, A.M., G.H. Rahimi, and R. Rahmani, Experimental investigation on core shape
effect on compressive properties of sandwich structures with composite skins, corrugated
composite core and foam. Modares Mechanical Engineering, 2015. 15(4).
DOI: 20.1001.1.10275940.1394.15.4.14.6

[7] Khorramabadi, R., Besharat Ferdosi, S., (2023). “Post-buckling and vibration analysis of
double-curved sandwich panels with SMA embedded faces”, Composites Part C, 12.
DOI:10.1016/j.jcomc.2023.100419

[8] Szekrényes, A. (2021). “Mechanics of shear and normal deformable doubly-curved
delaminated sandwich shells with soft core”. Composite Structures, 258.
DOI:10.1016/j.compstruct.2020.113196

[9] Karthikeyan, R., R. Sridhar, and S.G. Kumar, Hardness and buckling strength of different
material panels for a wing box structure with FE analysis. Materials Today: Proceedings,
2020. 33: 4509-4514. DOI:10.1016/j.matpr.2020.08.003

[10] Asjodi, P., Hosseini Farrash, M. “Experimental investigation of vibration and buckling
behavior of sandwich panels reinforced with nanoparticles”. Master's thesis in aerospace

engineering, https://shahroodut.ac.ir/fa/sec/index.php?id=23. (2020).

[11] Moknhtari, M., Nazari, F., Taherkhani, M., Aliakbarian, H., & Radiom, S., Design and
measurement of the first Iranian sandwich Radome panel for C-band weather radar
application. Journal of Science and Technology of Composites, 2019. 6(2): 234-241.
DOI:10.22068/jstc.2018.79074.1412

[12] Bahmani Nejad, M., Eskandari-Jam, J., Mokhtari, M. and Mirzaei, A. ”Design and
fabrication of double-curved joints of weather radar radome sandwich panels under bending
load”, Master's thesis in aerospace engineering, Malek-Ashtar University, (2019).



https://doi.org/10.1016/j.compscitech.2004.06.010
https://www.researchgate.net/publication/229377651_Buckling_behavior_and_compressive_failure_of_composite_laminates_containing_multiple_large_delaminations
https://www.researchgate.net/publication/229377651_Buckling_behavior_and_compressive_failure_of_composite_laminates_containing_multiple_large_delaminations
https://www.researchgate.net/publication/229377651_Buckling_behavior_and_compressive_failure_of_composite_laminates_containing_multiple_large_delaminations
https://doi.org/10.1016/j.compstruct.2008.08.011
https://search.worldcat.org/title/495783505
https://www.researchgate.net/publication/257095298_Local_facesheet_pulse_buckling_in_a_curved_composite_sandwich_panel
https://www.researchgate.net/publication/257095298_Local_facesheet_pulse_buckling_in_a_curved_composite_sandwich_panel
https://doi.org/10.1016/j.compstruct.2013.04.037
https://doi.org/10.1016/j.compstruct.2013.04.037
https://www.researchgate.net/publication/273889687_The_compressive_responses_of_glass_fiber_composite_pyramidal_truss_cores_sandwich_panel_at_different_temperatures
https://www.researchgate.net/publication/273889687_The_compressive_responses_of_glass_fiber_composite_pyramidal_truss_cores_sandwich_panel_at_different_temperatures
https://www.researchgate.net/publication/273889687_The_compressive_responses_of_glass_fiber_composite_pyramidal_truss_cores_sandwich_panel_at_different_temperatures
https://doi.org/10.1016/j.compositesa.2015.03.004
https://mme.modares.ac.ir/browse.php?a_id=1417&sid=15&slc_lang=en
https://mme.modares.ac.ir/browse.php?a_id=1417&sid=15&slc_lang=en
https://mme.modares.ac.ir/browse.php?a_id=1417&sid=15&slc_lang=en
https://dor.isc.ac/dor/20.1001.1.10275940.1394.15.4.14.6
https://www.sciencedirect.com/science/article/pii/S2666682023000750
https://www.sciencedirect.com/science/article/pii/S2666682023000750
https://doi.org/10.1016/j.jcomc.2023.100419
https://www.sciencedirect.com/science/article/pii/S0263822320331226
https://www.sciencedirect.com/science/article/pii/S0263822320331226
https://doi.org/10.1016/j.compstruct.2020.113196
https://www.academia.edu/94516215/Hardness_and_buckling_strength_of_different_material_panels_for_a_wing_box_structure_with_FE_analysis?uc-sb-sw=22136853
https://www.academia.edu/94516215/Hardness_and_buckling_strength_of_different_material_panels_for_a_wing_box_structure_with_FE_analysis?uc-sb-sw=22136853
https://www.academia.edu/94516215/Hardness_and_buckling_strength_of_different_material_panels_for_a_wing_box_structure_with_FE_analysis?uc-sb-sw=22136853
https://doi.org/10.1016/j.matpr.2020.08.003
https://shahroodut.ac.ir/fa/sec/index.php?id=23.
https://jstc.iust.ac.ir/article_34584.html?lang=en
https://jstc.iust.ac.ir/article_34584.html?lang=en
https://jstc.iust.ac.ir/article_34584.html?lang=en
https://doi.org/10.22068/jstc.2018.79074.1412
https://mut.ac.ir/

