31-23 yoye 04 o )leubs 18 093 1397 yu5 ()30 SlKo SwIiye &lxo

A3 ke dolinle =
= _
M . :;L
I Sl (Gwiigo s
mme.modares.ac.ir TR

SO 5b i 44k 98 Jlail b (2w gl Svo il HLE, (Sdue § (2 285 (wi
ol Ce b0

eie?";u.‘akwla fagu ‘Zézs.\.@ i ‘102!414.\.\“” 4y CAd

5 S el i SRS (Ko it )] puoli S gomeiily ~1
O epsS ol (simivo olSily (Sl pwige bl =2

Ol il (oeds s 9 sedk SRR (Sl cusine lidlind -3
s.dariushi@ippi.ac.ir 14977-13115 iy oo (05 #

S Wlio ey
Sgdse Jaie 5018y 4 YL I ool g5 b il ol lond uSis 6 58ae8 elin) 1 bgae 5 sl b (ol (sl sl oIS oty Alie
Slalllas o5 sl Jb 3 el sl oad Sl Ciliseo (gl Jaso jolaie 4y wtin )13 3l 5 03y (o b 5518 sl o YLl o) 131;:6 @ ;(1) el
b (oginegll JLail £ 93 )8 oy & il dlie cunl wbpdy Ojpe (Fugile slaojle VLA (SSle S8 (55, (gd9i5xe 1396 il 24 sl » 4
9 S gl A CojouelS sladygy b (gl ol g3y Y Lasl fpl &S 355 o (b oy dypb (IS Cov Cgliie dwiin A5 k5
0903 dbdiges cilo 3l G Conl 0033 Juate (Zugbils ojle 4 (Sl 5y 5l o2litel b g o 03zl egrimedl] ()95 4Y dws o8k olu
390 553 g cnl o VL )1 Sy o L8, 5 b plonil JLadl 55 9 1 JSuisie (gl sladiges 55y 2 Ol Sy 2p5 Ji
a1 Il Ky 5 oolizl b Waiged cojbobe (Jlasl el gl cboojlu kb (olodumss jolaie 4 ogMeds 8,5 )8 Loy Ssl faded Cojaels

. . . . . R f e |iE Ca it 55 &Y
O b Bollay g A plosl (00 g (i S dulie b (6yl8lp 5 (gilwand bt ()l S e Céply Ghgo d9ame Gl b, S5

oo 3 il 55, b 5 b I 5 JLl 55 99 g0 i e 00,5 ssalie o8 b L s3s J J olo ol
85 )5 adlllas 390 gime lall Jue 5l ool b g 5zal,y oo

Ol ey 45 (305

An experimental and numerical investigation on low velocity impact properties
of sandwich panels with bilateral connection

Shidokht Rashiddadash?, Mojtaba Sadighi?, Soheil Dariushi®*

1- Mechanical Engineering Department, Amirkabir University of Technology, Tehran, Iran
2- Composite Group, Iran Polymer and Petrochemical Institute, Tehran, Iran
*P.0.B. 14977-13115 Tehran, Iran, s.dariushi@ippi.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper Large and/or complicated sandwich structures are often manufactured by connecting pre-fabricated
Received 31 December 2017 sandwich panels by means of connections, adhesive or bolts. In nearly all sandwich constructions
Accepted 10 February 2018 certain types of joints have to be used for assembly but little is known about their mechanical behavior.

Available Online 15 March 2018 This paper deals with the investigation of the behavior of two aluminum joints with different geometries

under low velocity impact tests. These two joints are used to connecting sandwich panels with glass-

§§,¥§”V‘;[§‘§ panel epoxy skins and aluminum honeycomb core. The joints and sandwich panels are connected by means of
Connection epoxy resin. After construction of the specimens, low velocity impact tests were performed on the
Glass/epoxy composite specimens. Finite element analysis were used to simulate the behavior of sandwich panels with
Honeycomb connection. Verification of the numerical results was performed by comparing the numerical and

Low velocity impact A . . h
yimp experimental results. There was a good compliance between numerical and experimental results. Also,

the effect of increasing the length and the thickness of the connections on the behavior of the sandwich
panel was done through a parametric study using the FEM model.
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Table 1 Characteristic of each of the sandwich components
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Fig. 3 Low velocity impact test on the specimens with connections type
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Fig. 5 Boundary conditions for sandwich plates
anils slag)s @l i bl s 5 JSb

w30 S gy sln 1) 550
2@ 0903l 5l el b caz a5 gpnile sleas, el
Joges iged slp a5 [16] wel cuvas ASTM D638 o, lailiwl olool
6 S5 192 5 1 sl o (S sl 5l ol (o 5,55
HLd, o Jow Tog,igi el eole ¢ lble 5 0 adyg, el oad sols jlis
b 90 (5,5 - i loged jl eslinal b (g ygm; aY ¢ Jlasl Sexadl
Pl 5 90,8 Joe F Sl Szadly wole b Jl38le 3 50 5wl Juo
S Sy osle logad [17] 0 gl pgiagl] 05 ) pgiieesl]
sloay, Sl olss .l sad ools Glis 7SS e Soleew
3 Jgaz ) 95 4 5 I (S plss 5 2 Jouz )0 (jseslS

ol odls 08

g mbs -4
5l oamijan s g (a0l olfiws 0 ey S 05y pae e 4
) s)u.é ‘"oJ.L.S)"d.g)ﬁb CA.C).»)" CA)L:..C 9 009.:.3 L‘w):.wo 3 @)7(3 (SLQ‘)}“’)T

ol ol s 3810 5 5l e loasy o

95 3 ol Sy a0 (39031 51 ol (o) — 5 ylog0i -1-4
9% 9 Jgl g9 JLail Jolis sladiges
G2 S5y 2 el o pd Ogasl el I ol Gloy <5 sloged
B USs 1o sode Jabow 51 ool zmlis b ] aslio 5 Jgl 55 Jlasl ol
Slogge;l 5l sae] Cnds )8 slologes o el ead sols ol
Sl laged j0 5 0o )8 Qb Lasls Glas 4 b jloges 51 (S lin
2ol bgye ploy g perSle 9, ke 5 ules U5 oy Do
O P RVRIK Ve R PREY
2 S il 5o Sged e B ez @ Ol 158 UKD Hloges
i celSass b g claasy, Lais 5 oats o)y Jlasl plos
Gy ayo (9 JSo 50 plete K5y b osdjatuinn galaw) Jlasl ool
I Gide olep 48 JSo Jloges 10 a5 aled co Jood ailys oo oS g0
g oad azlge 095 5 (b lad b Glsd ladyy, g 5800 by
ST s & G (Il (250 09800 bt 58 SLSL 2alS S,
Ol Bl saome ol oo 1550 Jlasl IS g 09l oo dlwgn o oS 5ASS

3 MAT_Orthotropic_Elastic
4 Bilinear
5 MAT_Plastic_Kinematic

04 o e 18 0,53 1397 5« yw 00 Splo uwditgo

a0 o 120 em X 20 CM i 5 o eols 13 (Gl 5l o2 5 YU )
P o2 & oS ez bawsi Slxio (al g Ggesl Wised 5 5 18
JRERY)

S pr o) 2.712Kg 5 3.245Kg slap,> L (soVgs axkd 4o
oSe 05 4y baised (g9, » 0.5 M glas)l 51 (5.957 KQ oasya o
145 MM cassja,s Hhd cul ead ools plad 4 ISy easia s
sl e

il oo Sy (1) abal) & 90 4 450 5550 nlple
= =595798 x05=2 @ 2 Q)

x|

1
2:55.9572:2922

m
13 2—Sl (2)
i gl pleg =5 (slayloged apd Ggasl el 5
a4l jo weed Hls, 29220 40 o550 L oaS sl S5 eV
0,5 cdslive syl 5l S mp 0 ol AsS e g wile (Bl S
25 % 5 Sesl 00 ploml S5 49 (g5 12 9,55 3 S 4 4z g L

g oo 55 )0 53 655 Y g cagaiiadll Ldgy ]

Soue i -3
sl Ll ol Il l8le 5 5l eslannl b goae Jow Sy o5gn cal o
29,5 slaiig bygesT (6 5leans

WY S 50 (pain Joe sbml I ey e Sl el 6
ool S5 4 Y 08 3l Ghepmle JliSle s Jae el ol sln
A o iyl S 550 4 55 a0 Szl glp oaidy 4y oS
85 Ao ges 1 31321 M/S adgl ey b a5 0 a3 S

ol 5l ooliul b o> olej Lials g lapldl olass el jshiie 4
WY (sl samgd (ompe a0 )8 Jlael ()8 9.8 5 Jas 39 Y Laid
Syge Sn A (ggiads aD szl ple 6l g ws S ol 6585
Joe T du clizl 4y 5" um 39 g)505) V) 28 15 oolitl

(a

93 595 2 900 B ol 9 VU slaas) ()1l 50 555 2
455, Jlosl )85 &5 lagy] JL51s o

5 B9 oy 5 )95 AV o gl 05 Jlail ules Lls

Llpl 5 UKo w5 Jlesl gl 5 (SBgb slaays, b Jlail 5 Sl

Fig. 4 Photo of the projectile

sy 5o 4 S

* Shell
2 Solid

26



OSe 9 ISl Sy b Sy

Rk e puw 4936 (51T )l s 48 b 95 JLasT b g 33w Sl jlw HUB) ($33E 9 ()T W) 2

Sopds Y g Sl (Sl (o5 3 Jgua
Table 3 Mechanical properties of honeycomb and connections
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Fig. 8 Force- time curve from low velocity impact test on specimen
type 1 and comparison with the results from numerical study
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Fig. 6 Stress- strain curve resulted from tensile test of skins in direction
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Fig. 7 Elastic-plastic behavior with kinematic and isotropic hardening
where and are un deformed and deformed lengths of uniaxial
tension specimen. is the slope of the bilinear stress strain curve.
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Fig. 11 Force- time curve from low velocity impact test on specimens
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Table 6 Comparison between the performance of the two connections
under low velocity impact test
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Fig. 10 Force- time curve from low velocity impact test on specimen
type 2 and comparison with the results from numerical study
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Fig. 13 Force- time curve from low velocity impact test on specimens
type 2 in different thicknesses
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Table 8 Changes of the mass and energy absorption with increasing the
thickness of connection type 2 under low velocity impact
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Fig. 14 Force- time curve from low velocity impact test on specimens
type 1 in different lengths
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Table 7 Changes of the mass and energy absorption with increasing the
thickness of connection type 1 under low velocity impact
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the length of connection type 2 under low velocity impact
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Fig. 15 Force- time curve from low velocity impact test on specimens
type 1 in different lengths
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