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ABSTRACT: Growing the need to impact resistive structures, hybrid laminates have been absorbed Review History:
much attention. To reach appropriate strength, high stiffness, and good energy absorption, the interfacial = Received: 22 May. 2019
adhesion between different layers is important. The present paper is an attempt to assess the adhesion Revised: 28 Jul. 2019

between different layers in a hybrid laminate consists of natural rubber, glass/epoxy composite and two ~ Accepted: 2 Sep. 2019

layers of aluminum under high and low-velocity impact and quasi-static three-point bending conditions. ~Available Online: 28 Sep. 2019

In order to minimize the debonding, three kinds of specimens were made by three different adhesives

including Chemosil 222 and its primer, Bylamet S2 and Cyanoacrylate. Based on the results obtained
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from high and low-velocity impact tests, the best choice for elastomer/composite, composite/aluminum

and elastomer/aluminum interfaces are bylamet S2, cyanoacrylate, and chemosil, respectively according
to delaminated area. Samples containing bylamet S2 adhesive in all interfaces have a better performance

in terms of dynamic stiffness.
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1- Introduction

During recent years, composite materials have attracted
much attention in a vast variety of applications. Owing to
outstanding features such as low weight, high stiffness, and
good thermomechanical properties, these multi-phase materials
have found popularity than their monolithic counterparts
[1]; however, they suffer from low resistance in impact
applications [2]. One solution to improve the perforation
properties of composite laminates is to replace the brittle phase
by an elastomeric media which in turn not only does reduce the
threshold failure load but also retards the metal failure [3-5].
To maintain the structure stiffness, it is reasonable to use both
composite and elastomeric phases but the layers’ adhesion
could be critical.

2- Methodology
2- 1- Materials

The aluminum which has been used is 6061-T6 (AMAG
rolling GmbH) with a 0.5 mm thickness; elastomer layer is a
natural rubber which has been compounded with different
elements such as calcium carbonate, zinc oxide, and sulfur
to achieve desirable elastic properties. The composite phase
consists of epoxy as the matrix media and 6 layers of woven
E-glass fiber as the reinforcement. The composite phase was
manufactured by a hand layup process and a layer of peel ply
was pulled off from both external surfaces to produce a rough
area for better adhesion. Three types of adhesives were used to

*Corresponding author’s email: ghlia530@modares.ac.ir

bond the layers including Chemosil 222 and its primer (Chemosil
211), Bylamet-S2 and 2-ethyl cyanoacrylate.

2- 2- Fabrication process and test procedure

Before the application of each adhesive, the surfaces of
aluminum and composite were prepared according to ASTM
standard D 2651 and D 2093, respectively. The rubber layer
should be cured during a vulcanization process at the temperature
of 160 ° C for 4 minutes (according to the rheometer test). This
process was done in a 2 mm thickness mold on a hot press
apparatus.

After vulcanization, the bonding between layers was
accomplished at room temperature. The thickness of rubber in
all types of specimens was about 2 mm. A scheme of the layers’
arrangement is presented in Fig. 1.

High-velocity impact tests were carried out using a gas gun
apparatus with an impact velocity of about 180 m/s; besides,
low-velocity impact and quasi-static indentation tests were also
conducted in initial energy of 37.8 joule and constant rate of 2
mm/min, respectively. Each type of sample was tested in two
manners. In the first set, the elastomer layer had been located in
the front side which will be named Elastomer Forward (EF) in
high-speed tests and Elastomer Upward (EU) in low-speed and
indentation tests; In another set the elastomer had been located
on the backside of the sample which will be named Elastomer
Backward (EB) in high-speed tests and Elastomer Downward or
(ED) in low-velocity and indentation tests.
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Table 1. Petal crack lengths in Aluminium face sheet

Table. 3. Flexural properties of the samples under quasi-static
flexural loading

Adhesive EB Group (mm) EF Group (mm)

Chemosil 16.5 19.5

Byla-S2 17.3 17.5
Cyanoacrylate 18.3 18

GFRP

Elastomer

Fig. 1. The layers’ arrangement in the hybrid structure

3- Results and Discussion
3- 1- High-velocity tests

The cross-section of samples was analyzed through an
image processing software and the delaminated areas were
obtained. Besides; the petal crack lengths were also obtained
and presented in Table 1.

According to the results, the best adhesion for the
elastomer/aluminum interface is observed to be obtained
when using chemosil adhesive.

In the aluminum/composite interface the preliminary result
was that the chemosil had the best performance from the
kind of failure (adhesive or cohesive) point of view. Because
of the more petal crack lengths in the case of chemosil,
the degradation of the composite phase is the reason for
the cohesive failure and therefore the use of chemosil for
composite phase is not recommended. In the composite/
elastomer interface, the byla-S2 had the best performance
according to the damage length.

Flexural Flexural

Adhesive Configuration strength stiffness
(kN) (KN/mm)

ED 10.09 0.019053

Cyanoacrylate EU 12.94 0.0208
ED 8.43 0.02471

Byla §2 EU 12.5 0.0255
Chemosil ED 7.96 0.02178
EU 7.6 0.02327

3- 2- Low-velocity impact

The delaminated length is obtained for the specimens and
it was observed that the best adhesive for bonding elastomer/
aluminum interface was chemosil. This preference was
because of the minimum damage and delamination lengths,
which shows better adhesion compared to the other adhesives.
For the aluminum/composite interface the primer result was
that the chemosil had the best performance from the kind
of failure (adhesive or cohesive) point of view; however,
according to the high-velocity test results and degradation
of composite phase, the next choice for this interface could
be cyanoacrylate. For the composite/elastomer interface, the
chemosil had the best performance according to the damage
length.

According to the force-displacement diagrams, the
required mechanical parameters were extracted and presented
in Table 2. As observed, the specimens made by Byla-S2
adhesive have the highest stiffness; therefore, the overall
layer adhesion in this specimen is better than the two other
adhesives.

3- 3- Quasi-static three-point bending
According to the force-displacement diagrams, the flexural
strength and stiffness were extracted and presented in Table 3.
This table illustrated that the specimens made by Byla-S2
adhesive have the highest stiffness than the two other
specimens; therefore, the best choice to have an optimum
adhesion could be the Byla-S2 adhesive.

4- Conclusions
In the present study, a four-layer laminate consist of

Table. 2. Dynamic stiffness and maximum force obtained from displacement diagrams

Parameters Chemosil EU  Chemosil ED  Cyanoacrylate EU Cyanoacrylate ED Byla EU Byla ED
E.. N) 2992 3077 3485 3076.6 3277.4
K (kN/mm) 0.42067 0.42 0.43984 0.42644 0.50694 0.47284
gzsr‘g’;bfj‘; 25.9832 26.6813 24.9295 24.9538 18/7438 262671
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aluminum, elastomer, and composite was fabricated and the
layers’ adhesion was studied under high and low impact and
quasi-static three-point bending. The results could summarize
as below:

* In high-velocity impacts, the best adhesion between
aluminum and elastomer was achieved when using the
chemosil adhesive which was according to minimum petal
crack length and damaged area.

 In high and low-velocity impact tests, the cyanoacrylate
adhesive had the best performance in aluminum/composite
interface.

* In the composite/elastomer interface, the byla-S2 has the
best performance according to the minimum damaged area;
however, due to the proximity of the results, the Cyanoacrylate
could also be a reasonable choice. In low-velocity impact
tests, all three adhesives have similar behaviors and each
could be used based on the designer’s opinion.

* Based on the low velocity and quasi-static three-point
bending tests, dynamic stiffness in the case of using Byla-S2
is higher than the two other adhesives; therefore, this adhesive
is a suitable choice in low strain rate applications.

» The results demonstrate that chemosil is the best choice
for aluminum/elastomer interface in all loading conditions
which is approved by other published papers; besides,
the same results have been obtained in both low and high-
velocity impact tests which indicates that the loading rate has
a minimum effect on adhesive performance.

» To sum up, if the laminate is exposed to complete failure
and the aim is to maintain the structure coherent, the results

of the high and low impact tests in delamination filed should
be considered; however, if the aim is to design a structure to
bear loads lower than the threshold, dynamic stiffness results
obtained from low-velocity impact and quasi-static tests are
recommended.

References

[ITH.U. Zaman, M.A. Khan, R.A. Khan, Comparative
experimental studies of phosphate glass fiber/
polypropylene and phosphate glass fiber/natural rubber
composites, Journal of Elastomers & Plastics, 44(6)
(2012) 499-514.

[2IN.A. Patil, S.S. Mulik, K.S. Wangikar, A.P. Kulkarni,
Characterization of Glass Laminate Aluminium
Reinforced Epoxy-A Review, Procedia Manufacturing,
20 (2018) 554-562.

[3]D.-W. Lee, B.-J. Park, S.-Y. Park, C.-H. Choi, J.-I.
Song, Fabrication of high-stiffness fiber-metal laminates
and study of their behavior under low-velocity impact
loadings, Composite Structures, 189 (2018) 61-69.

[4]E. Sarlin, M. Apostol, M. Lindroos, V.T. Kuokkala, J.
Vuorinen, T. Lepistd, M. Vippola, Impact properties of
novel corrosion resistant hybrid structures, Composite
Structures, 108 (2014) 886-893.

[5TL. Xue, W. Mock, T. Belytschko, Penetration of DH-36
steel plates with and without polyurea coating, Mechanics
of Materials, 42(11) (2010) 981-1003.

727






75 ool SlSo (owigee g pui

YA+ b VAT Gloio AYAR Lo )+ o)leud @Y 093 ¢ pusS ol SlSo (uoie s s
DOI: 10.22060/mej.2019.16385.6358

Sb o 43 gog¥l b oud =Mool J8/BUI LY Wa )3 gl o o Soviw] 0950 oy
(SHlwldnd (odod 61551 9 b 9 YU Sy
U»lm.u] Wlows ol (3015 ol ¢ Slis jobe sdon] dols ¢ Pl puwemede )8 03l alls Lo yule ¢ 100 031 &515 Cpaol dosro

IRl Ol R6 eyt oSty (Sl ige 2250315

18,5913 ey ,U
ALY+ Y redly
WA <05 16,5530
WRAL BN 2oy
VAN Y/ <8 2o ST )

lazd )5 )8 039 a8 390 st So Yl cglaipd syl il )3 pglie loojl 4 (381 5, Sl 4 g L iMS
&9 "Jg.l oo Y o Stiwe YU L;j).;l ol Cadyls o Vb hu ccalio Cuoglio 4y ) jolaie 4y (puisred

CojonalS Y poingll Y S yiitie Juad )3 (oY o plSoxinl )y cpols gk | Ban )l Slglhd ool baojle
Slojl .l bl 9 Vb s puo b 38 ¢yl s (gl s (ba )38 )L ot ads KoY 4 5 uSgyl A

posiegl] &Y 93 53l Wl jlie 4 A3l oo Cilisen (sl iz b Y jleg Jols Conl 485 118 () 3y90 SimgR cul )3 4
4 ey Sl posagll Y50 o b Sit¥ Sy g (S plladed Y (A5 L Cojols g (2B oY e 4
9 ML VY 5908 Jold caliseo o £95 dus actlisen (slavg IS0 51 5 (gla¥ o (il (p a8 5 (Shiee (e
55 olBud bawgy yiaudeo Vo pudlS g (69,8 yar Al b YL syl 4y ol sis eoliianl sl 01,8 5 M SToslw

85 bl 459 bgis olSd Lausgs IS5 25,5 ablo b gyt sloo Vo 083985 b ealy o yos gy iglos] o ploel 515

1605 Clols
possesll 318 [aies GUI cyjouols

Sl o il

Vb s 48

Ol Gy 405 ]
8o ygo )kl gladigel g9y Jwyais Hlid— ik olKiund lawgs dlads du ied Sliwland iolejl coles y
Sliwlans jies i

5 Vb oy 5 503l @l 3o 285 )18 duglie g Julow 3)50 S5 4 ladiges (SlSe (oI5 5 55 (slap S
9 posiaegll o joralS” (o janels] yagia¥l S i Juad sly 43S (p pcalio Y o (SiBunS (lise 44295 b g b
Mol oy (59l sloigad (Saliyd (St o503 1l 905 5 S SToilias Ml (sloany b & yagias Yl prizagl]

ol (50 3,os (gl gl o bl plos o

sokaie 4 ola M 3ea (cbrodsdy jd dlge cpl 0 )8 el o &

Pl (Sl gy Bibo ol 4B pdy ©jgo 35 plp > Cunglie dgu
3 posegll b 3V Jro et ol S Jl Y wis b G 5,8 o
ol g 35 )b 4 Job Bl 1S Cowlus cuw Cyjanels LS
Slaco;emlS o5 opl 5l ookl 0gda {¥=F] 54 o )] plp p> yieS
5 o3le G 50 onad LS sl oled cpying (600 ke (6
plocinl y 0gMe il Aaled e |) was Syl 8l doeisys
Sy w63 b Sy b Bl g8 cpl Vb
and )0 Aol lais & [F] Mib o pYL slue oled b g o cile
slad )y cady > adind BUIIL 0ddCagll (g yarly (gloadyg 515 145
295 0wl Gjs b g5l sladdyg Wy )3 1) e b (Seel
1 3 ] Shas 3ps8 s oyl sl )3 Y68 |y g i G138

dosdo —)
(i Al (i joralS e 38 g gl ansS Jl e Jobo 5
039 A ala Sho 4 dr g b Cuslodd 03 yad yde ixko (2l
Mo Caxio ) slo3y2u8 )18 dlge cpl Vb (Saji g Jsb s ol
o il o lul Lais > oY bl Slgo cpl 45 ol oDl £led,S
Y (SlSage s ol 4 a2 g b oy jaels [V] s g0 L 355
SR il (olad igjlogydgd e lisee gluo 1) oo B
ol @ g b S L osdeusi lacyjeels WS (o Wl g
Slagded iy )3 Cuaglio 5 cuai (o)) Yl (hs (g9l 8 Sgres ol
lsp ol S o V] wlools olaassl 355 4y |y oVl 4oy lasee
s Gl o iSanb 5 (63, Sienl dlar | nlee sl W josels

Sy @ il Bl pas Oyl ply ) Caglie pas b,

ghlia530@modares.ac.ir :olslSe sosge oting®

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

yavy



53 392y Sl o (She dgu jolate 4 (il sy by,
s ole 1b o Mo oloe 51 odlisl 35350 (slaol, 5 LS
ol Bl s 1y dme Sl b T e yile o Jlail syl bl
(ne g cpizr LS L g (VIS Ngn S (syeak g ile b odle
5 38 om Jlal dgme b5 dbml sl Sy onl b sl JSis
sgbd Slgase 5 () 5 Aded iy 5 Sy 5 3 Sy
VY] ol o olaiw] 03 jiuS
Jlail a2]8 @ bgyye diej cnl )3 048 plol Sllllas 5l 0> (S0
o 53 03508 jobody )l cou Jlal wil3 il (o )l cos
9y Ol S 9 odlitul cunl s I8 a4 S Jlail 4 oS
Gy b s 9 St¥ (A5 A5 93 50 &l cax
Sl a2 STk oo ©yge Glojen g dla e o 3 5 St
3 Ble dl)p cpl &5 CSS Glgi oo (Jg s paidie Jlasl w18 (3.8
o> 9 (aw (2)e SVlail g olerd Gl Sel il glaony
58 5 o S pglone 3 (Sl S e fuad S dld ol 3 el
@ o Y ) og2ge (oSecVlal Jelge 358 Job oS 35 0
039 yiogySuo Av U Ve dgds syl 50 39 (Bes bl o SiiwY
Jlasl cuieS [VF] wboo Il (o2 )e VLAl (515 3985 4L )
s (gilooslel g adgl ULyl oo Jalse 4 Sz g 58 oy
Cy Wl ()l aou,b g ead osliatul St g e a8 o
Jlail nl et s 5 e Sl el 51 (S b el b el adly
dom jd g Al loy Wlg e 05 wigh 4 Led pl il o LB gled
Jlasl cuaS daue jl mlio (3 50 a0 1,8 sladllcos 1) adg (203l
Cusload (BIS ol (S 3)lse (B 5 g Lo GRSz 516
S dye YLl 113 gq) 2 lod ole ¢ Ll iS5 0pdle
odd (6ol SawY gy p ok pbul Gldlhe sl ol She
CtSil pb a (sl £98y e Lod o3l 1 iy Rl Hedlgu b
ol 0 a8 jeddaw bl Loye cYlasl oy cpl o 05 Jales
sialgd o 3 Sl daly 4 Sl sbul 5ol slaled o ol
il o jd g (o e Ylall slasr GialS Caw oy, opl & 8,
slod &S Wlooly lis b wyp ad dale ol SawY ol
A5 sl 42> V0 91> peilsw b eddigylp Siz¥ 3 il
39 ilwJihe jglateas Cosl (AW Sl imgh (VY] 5g salss
Sloxiio lgie 4 posinegl] Y ol &5 o jud 4V | o5

poswosl] (69Meo Ae amd Lilol )3 [V] 3,5 (6 )lis Lo 5 Sl 4> 5
Johie bajlisls 35Sl )5 cuslie plgd 9 ogllae Sy )13, s &
55 w8y 1y Him LI (slacy 5500lS (gladiges sl bl g o1

g adlllae 3)90 038 bt (ST &S e Vaix g nl (S0
iS5 aes B g pogipegll Jl 4 il g0 ulS ol 485 18 ()
[ S 9] (s joralS sAY 5l e dlawd Vi £45 0yl ) .l oS
Ol 035 00 0005 )13 potpogl] 518 Jl Y dix b 93 e o A i)
7] 59 aalss YU (i 9 ol (g9 )b Jol> ojl

035 yebodr ol 9 YU Csyus ipd il 3l Cengliie ()98
posizegll JS1> Cunle & g L [A-VF] canl 485 )15 aalllae 390
oo opl aST> anl os Clas @ e s ol Gl laps )b
Jolie 5 30 Jamto |y oVl (gl IS5 yoets Sata¥] 4l 53 bl
4l ) (o8 5l oo bolge (ol dacojeels 55 conle 4 ax g L
VO] i xalgs caliste ol (gl D0yl SVl

b (Rjgels A 2 b S 3Rl 2290 slade ol I S
aYaiz 4y ol g G S Gl Al (gpegi¥l &Y S
aw il aaly sl 4 e o Lials &S glaeS e ws aals Lol
Uil e 559 0 ol 4l colue b g [V-IA] wil, il 53l
@ g b e (ials ojls g9 (pl odes CMSUe 51V 5 8] Wb
9290 S0l 5l (S igpdse ol > sl ol (i joelS 39 Sl
dlen SIS0 S )3 eVl g (S0jorslS (Byg 95 93 o 3l edlitl
Y & (gpesoVl Y 58 aslsl a5 aad o i b wyp V4]
o 1y (638 Y (g 55 4l S oo o5 ]y sl il ) Lo 45 ¢ (5308
2953 Joe SLbl 3 Sy g (mdge sla S s djlake 130 4
Wl 003 (¢ i o] Slymo pdaw 48 sl ol e (LS ¢y )b
B ogd o cel &S o (g550 5l oy 0L s BT el yol Cpuon
9550 )l e 55 g5 cnl ool 2 29t 318 o (sl ¥ g ol
oYl &S il d)lse 4 Cond (g pogiwY] Y L ol pon slaojln oS
1 oolial S 39,00 5] [YY 5 YV] 03l atsls gyt oS 5
Gl o e i oMo (gyegia¥l g (0jeelS (Byg 90 2
Oe> bowwe ddllas pae & axg b Dad Vi (655 Cds cubl
oSty oo L5 4 sdo )] Cilie sladis gy gy adllas lojle
Stz gl w3by ol & (opn il 2 & bl e S (S

ol gl oy

yayry



A0+ b YAYY dois VYRR Jlo )+ o)l Y 0,93 ¢y yuel SilSo psiigen s

Table 1. Aluminum properties [25]

[Y0] pssisagll (olss 1Y Jgoar

Ol Sl Jyoe s ()eass 5.8 Wl ey
(J5bKs) (JRLLES) (5l Ke)
<10 YOY Yy YYY ¥ g.o8\-T¢
Aluminum GFRP

Calies b g F8VFT 4z > 5l oy ol 5> o ookl pgsines]

035 0351\ Jgix 3 5 350 pgrizedl] (olgailie yiele <10
Cuolus b oddieaS i anb S oo odlatul 3)50 yogiwV .l

Elastomer

i)

12
120 - 2
N (%]
(=]
N =
(-]
-
(=]
(4]

*

Slasl) pogro ¥V 318/ o jamelS Vi > aidy 4 claayY wdin syl io oSS g9y 0 baY (60518 0g55 5 oyl 1) JSWS
(48L (o yraihe 4

Fig. 1. A:The arrangement of the layers with respect to each other B:Geometric Dimensions of Layers Used in
Composite / Metal / Elastomer Layers
in mm)(Dimensions

2 B Slxino plgis 4 jegual g Cojels S 4N 93 5 (Som
A jl oolazwl b diged cpaix jelaie pdy .Cunl (35,8 F55 elgil b (6 138,

ey g Vb ey 5 Slislo ] o g o 4l Caliste Cons g5

Laigos iwlojl g cdl -Y
dlge =\ =Y

oted Glalegl ol 2bs) JIsiar (3 (g pslate @ S (oo )58 el

oy Wl g0 ladigel (g9) 2 s dal dw

0903 b & da g5 b S cpl ey o 5 o sl yio o Y/EY

il o )T ol da)d VFe 9 ddBd ¥ i a4 yiegs,

yary



Ve glod b s ag J31 onts 0y pesto¥] g Cojsals posises]
rog¥I B C3)5 )3 e gl g Bgy B vr JLES 5 gl 42>
Jostao V] 145] sl SToilons 5 Wby (slocas b babiges il (gl

O (S e g 0dD A5y ED oy pleidee T Culbis &
cals anl 5l ol jise .cdpds Oheo 361 sled pd calisee ladsY

sl 00 03)91 W)JQY ‘-}SA:B)J

adiges Lialejl =Y =Y
(Y JS) (o S olftnd Lasgs YUy ey gy sl
VoL 698 s Al bawgi 4B 5 e VAL 3508 G b
3)90 Cumdg 93 )3 Wged g9 b Cuwlodd plsl 541D (159 9 yio e
Sxr 9> Y lgie & (5yagua¥I Y gl Cundg 3 1285 )15 il
3 ot o5Vl 496 Camg y> Caslaid S )8 405 1y 3 porizedl |
ool 48,5 )18 4350 1l 53 Y agus olSlr 53 Cajorals 5 posiie]
2bplorl Aiged (g9) g b olSod bausgd (aly Cpos dip Siloj].
S alsyo ol sl s o sl Ve gyl 1 (oo)S kS # €55 (0¥ S5
3935 (653 b 0diiS D 3,95 1 o lndiges) s 48,5 Jlai )3 iales]
4295 ) BoaiiS 985 (gl posinagll slam YU 514V (yragd lgie 4 yogisVl
poresll 3l YLl g Y plyis 4 jegto¥l pg> b 3 g
bog Solwlas Lied bl cwlas  gBly cojenlS
ol z ¥ USE ) a8 bl Jleysig lis- RS elSzu
popegke VS E5 g pegle Veoply oBaSS 9 o
WWEF o)l 4 I 0l s g dlge (Lo 35kl olol p aids
Candy 93 13 Aged £y Ol S8y Gllojl alite a3aB S L3 5>
b Y e pos g ol o poo slagtalojl 51 g Iodigad solos
Canlasd S 143 oy 590 bl alafie g Wiledye by Ol Co olSawd
anb ojlul s Calisee (gl ol )b (6,8 03l0] jslaio & 5 Coles yo
roas iy JBles Sl USh e o Jdon by el

Cuwlodss odléiw!

Cou g b Y

gy Liolos] w4 bgspe Slialie g gls Lisu opl

booadal aded i Y £ ol 50 oolatal 3550 CojgsalS
el oad Jolb oy i anld Sy (b oS cul uSal die;
0951 @Y ol edle wnlb e > Cojols waw 93 2 o) 2
brdiged (IS Solods b dame Y o (St U onds ool
ol ords a1V SS 3 4V e wdis Slasuie § islejl 3)90
4 abgre youlyy 5 VYV jged’ e 95 dw Jl laeiges S Lo (gl
o ool 005 03litl Ty STl LY 5 UL YWY yjgeS pb
20> YO ol & 0351 "9 55355 (e gloe dbgape youlyy 5 ajgeS
bl iy e 93 ol Al ) M o Jglme sl 1 (G5
Slr ly ol o sl o S5 05y 57 0mea Sl ssSeih Olinte
238 Kl G Y] dloge uslie @il 4y b SzY L]
Gy s el aloss Moyl 3Ll Ly g 0391 Casly Syl iy
b o STk con ol i jlonny I3 5 Stiodly Sz Jluas!
ol pgd sz Sonl 4 g b cunl (Jjagd cue S bl ()l pb
el 12d) 5,16 s plSoxtnl )3 (6580 5 @l o 25 1) Juas! cons
9 0ad o3l Jgl s 5l s 5800 e (A8 St Wld @y

sl o 030> il 38l ol Sis sl oY lej s

G Cajnsls 5 posnegll o (Jlal S Sl I S

o 5 51 655 B o 4y 5 Ml iy (S
Sl 29550 &t Ol uges § 39500 4t (550l b psizeg]] sl
DM‘P bbw el l.» fw}ﬂ C9]aw > L );).) é.hw uw])BI
9 0Jus dlud ;,«T b 035 odlow C?'\a"" £9d )b ly colys g 0
L.v I,LJ‘ R u.u)y.‘olf 6919.“: J.M)Luo JLa;‘ d‘f o.)Lo] u..\.w s )I =
g oo A Ol b 0)bgd odlows b (bl 3 51 e 9 005 dandd gl
S9y 2 ol Y S bl LjeeS cues b bidigel cale jslaie &
4885 Yo dgus S 5l Ly A5 03 13 o jerelS g posiegl] glaw

asgame ) e ladiged (59) » bjgeS e (Mo JolS ped g

Chemosil 222
Chemosil 211

Byla S2
2ethyl-Cyanoacrilate
Thixotropic
Benzoquinone Dioxime
ASTM D2651

ASTM D2093

0NN N AW

yayre



A0+ b YAYY dois VYRR Jlo )+ o)l Y 0,93 ¢y yuel SilSo psiigen s

-
<

cosmmagll 5y9 69y J1j9eS ann Jlosl i o wd Y (B9, 4 CujenelS cle o] dadiges oo i le anl,d Y IS
5 yogiw ¥l Coy 1 pegiwV] oy slod g oy 8L )519.\,; 4 yegd) Lilejl i ‘E;ali.i;ila)‘l 895 dawly 4 yogiwY] (gyely8 i
PRLLl D oy g posived]
Fig. 2. Experimental Construction Process of Samples,A:Hand layup composite fabrication B:Apply chemosil

adhesive on aluminum sheet C:Elastomer Processing by Laboratory Banbury D:Rheometer test to find elastomer
annealing time and temperature E:Volcanisation of elastomer and aluminum by laboratory hot press
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Fig. 3. Equipment used in experimental tests,A:Gas gun schematic B:Drop hammer setu C:Three-point bending
test setup and test specimen
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Fig. 4. Sections of samples after high speed test (Gas gun)
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Fig. 5. Destruction mechanisms of samples made with cyanoacrylate adhesive after high speed testing

Table 2. The length of the Delamination zone in different interfaces at high speed loading
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Fig. 6. Deformation profiles of specimens after high speed testing (Gas gun)
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Table 3. Petal crack length in aluminum layer at high velocity loading
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Table 4. The length of the Delamination zone in different interfaces at low speed loading
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Fig. 7. Sample sections after low speed test (Drop hammer)
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Fig. 8. Determination of delamination zone length in ED specimen made with Bayla adhesive after low velocity test
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Fig. 9. Displacement-force diagram in the samples made with Baila-S2 adhesive under low speed loading
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Fig. 10. Displacement-force diagram in the samples made with cyanoacrylate adhesive under low speed loading
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Fig. 11. Displacement-force diagram in the samples made with chemosil adhesive under low speed loading

Table 5. The values of stiffness and maximum force obtained from displacement force diagrams
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Fig. 12. Displacement-force diagram using cyanoacrylate adhesive in quasi-static flexural loading
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Fig. 13. Separation between composite and aluminum in EU sample in cyanoacrylate adhesive in quasi-static flexural loading
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Fig. 14. Diagram of displacement-force in the use of bylaadhesive in quasi-static flexural loading
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Fig. 15. Local buckling in the first mode created on the aluminum layer in EU mode using bylaadhesive in
quasi-static flexural loading
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Fig. 16. Separation between elastomer and aluminum in EU specimen in chemosil adhesive in quasi-static flexural loading
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Fig. 17. Displacement-force diagram for the use of chemosil adhesive in quasi-static flexural loading
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