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Keywords Abstract

In recent decades, the use of metal matrix composites and functionally graded materials for achieving a
combination of mechanical and physical properties has increased. In this research, an in-situ centrifugal
casting method was used to make the samples. The primary composite used in this method was Al-15wt.%
Mg,Si. In situ prepared functionally graded samples were successfully manufactured at 1000, 1300, and
1700 rpm rotational speeds. Optical microscopy was used to examine the microstructure of the samples,
and a Vickers hardness tester was used to examine the mechanical properties. The cross-section of the
fabricated samples was divided into two parts, the reinforced and the matrix parts. Porosity increased as a
destructive parameter in the reinforced area. The hardness increased as the volume fraction of particles in
the reinforced area. Also, hardness increased in the chilled zone due to the fine-grains and trapped particles.
Solutionizing heat treatment was performed for the fabricated samples. By observing the microstructure,
there was no change in the placement trend of the primary particles, but the morphology of the primary and
eutectic Mg.Si particles were changed. Hardness increased after heat treatment while its gradient did not
change.

FGM, Centrifugal casting in-situ method,
Microstructure, Heat treatment,
Mechanical properties
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refers to the part with a speed of 1300 rpm and g to i refers to part
with a speed of 1700 rpm
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with a speed of 1700 rpm
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Fig. 8 Microstructure of parts after heat treatment with 50x
magnification for inner, middle and outer zones, which are left,
middle and right photos, respectively. a to c refers to the part with a
speed of 1000 rpm, d to f refers to the part with a speed of 1300 rpm
and g to i refers to part with a speed of 1700 rpm
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Fig. 12 Hardness diagram in terms of dimensionless distance so that
zero is equivalent to the outer surface and one is equivalent to the
inner surface at different rotational speeds
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Fig. 11 Porosity diagram in terms of dimensionless distance so that
zero is equivalent to the outer surface and one is equivalent to the
inner surface at different rotational speeds
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In order to enhance the mechanical properties of cement protector sheath, this research has focused on the use of carbon
nanotubes due to their proven excellent mechanical properties. Although this idea has previously been an exciting topic
for research in the development of cement and concrete, many research results did not live up to expectations due to the
dispersion inherent challenges of Carbone nanotube materials. In this regard, as a research innovation, to overcome the
non-uniform distribution challenges of organic carbon nanotubes in the cement aqueous base medium, an advanced
technique for making emulsion nano polymers was handled to disperse the nanoparticle cores in the polymer matrix.
According to the findings of this work, carbon nanotubes disperse effectively in polymer emulsions, and polymer latex
disperses well in the aqueous base of cement, allowing for a wide dispersion of nanoparticles to benefit from their maximal
surface performance and mechanical properties. Non-agglomeration of nanoparticles in the cement structure has led to the
use of the highest reactive and physical surface of these nanoparticles, which has significantly strengthened the mechanical
properties of cement mass after hardening. The experimental results significantly increase the Young’s modulus to 580v.

From 4.12 GPa for the benchmark sample compared to 28 GPa for the modified sample with 4. wt. of the nanopolymer.

The optimized samples in slurry form also provide good rheological properties for pumping capability and sufficient
hydrostatic pressure to control the wellbore pressure.
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Fig. 1 Nanocomposite polymer synthesis reactor
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Table 1 Cement slurry compounds in standard and modified samples with nano-polymer.
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Table 2 Quantitative results of X-ray scattering test.
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Fig. 3 Fourier transform results for infrared for samples: a) carbon
nanotubes with carboxyl functional group, b) chlorine substitution
instead of carboxy! functional group, c) methyl methacrylate substitution
with CI functional group).
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Fig. 2 Uniaxial stress device with integrated sensors to measure
lateral displacement
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Fig. 4 Carbon nanotubes (CNTSs) characterized in the C-S-H structure of cement and achieving their main goal as the dispersion of hydrophobic
CNT particles in aqueous medium. Proper placement of CNT particles helps to strengthen the cementitious material. Left) hard cement mass, right)

pure CNT particles before any dispersing method are applied on them.
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Fig. 5 Reinforced cement using nano-polymer compound after mechanical failure. These images show how the hybrid composite is involved in
integrating the cement matrix and creating tissue adhesion and fracture resistance by creating bridges over the cracks.
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Fig. 7 The effect of nano-polymer concentration on the modulus of
elasticity and Poisson's ratio of cement samples.
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Comparison of moisture aging effect on flexural and buckling behavior of two

types of balsa core sandwich structures

Moslem Najafil*, Reza Ansari?

1- Faculty of Materials and Manufacturing Technologies, Malek Ashtar University of Technology, Iran
2- Department of Mechanical Engineering, University of Guilan, Rasht, Iran
*P.0.B. 15875-1774, Tehran, Iran, mnajafi@mut.ac.ir

Keywords Abstract

Despite the unique superior properties of balsa such as reasonable price and excellent mechanical properties, the

Sandwich structures,
Balsa core, Fiber
metal laminates,
Flexural behavior,
Buckling behavior

hydrophilicity and high sensitivity of this material to moisture absorption have posed a serious challenge to its increasing use
in the construction of advanced marine structures. If moisture can penetrate into the composite skins, the balsa core sandwich

structures will absorb a lot of water and compromise its structural integrity. In this study, to improve the mechanical
properties and the environmental resistance of sandwich structures with balsa core against the moist environmental

conditions, the idea of using fiber metal laminates instead of polymer composite skins has been proposed. For this purpose,
sandwich structures with balsa core and two types of composite skins made of glass fiber/epoxy and fiber metal laminate
were subjected to environmental and mechanical tests. The most important results obtained from the 100-day aging test in
water show that the maximum water absorption in sandwich specimens with glass fiber/epoxy composite and fiber metal
laminate skins having sealed edges and artificial damage is 106.71% and 83.32%, respectively. In addition, by evaluating the
flexural and buckling behavior of two types of sandwich structures, before and after the moisture aging process, it was found
that the reduction of flexural load, flexural stiffness and maximum buckling load due to moisture aging in sandwich
specimens with glass fiber/epoxy composite skin with sealed edges were 23.43%, 23.15% and 36.14%, respectively, and for
specimens with fiber metal laminate skin were much less, and 13.57%, 11.06% and 16.14%, respectively.

Please cite this article using:
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Najafi, M., Ansari, R., “Comparison of moisture aging effect on flexural and buckling behavior of two types of balsa core sandwich structures,” In
Persian, Journal of Science and Technology of Composites, Vol. 8, No. 4, pp. 1767-1779, 2022. https://doi.org/10.22068/JSTC.2022.549100.1772
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Fig. 1 The life cycle of balsa core: On the right side of the sandwich
panel, the core material has retained its original color and strength. The
core in the middle has been exposed to moisture and shows early signs
of degradation. The core on the left side has decomposed and lost all of
its strength [13].
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Table 1 Specifications of aluminum alloy, glass fiber, epoxy resin and epoxy adhesive
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Fig. 2 Schematic representation of the laminate sequence in (a) FML
(b) GE laminates.
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Fig. 3 Schematic section of a sandwich structure made of balsa core
and skins made of FML.
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Fig. 6 (a) Test configuration and (b) sandwich specimen under
compressive loading (all dimensions are in mm).
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Fig. 7 Percentage of water uptake in terms of aging days in balsa wood.
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Table 2 Maximum amount of water uptake in sandwich specimens with balsa core after aging in water
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Fig. 8 Percentage of water uptake in terms of aging days in sandwich
structure with balsa core and skin made of (a) GE (b) FML.
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Fig. 10 Load-displacement curve for sandwich specimens with balsa
core (a) FML/B/DF (b) FML/B/SF (c) FML/B/OF (d) GE/B/DF (e)
GE/B/SF (f) GE/B/OF under 3PB test.
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Fig. 9 Schematic illustration of the transport of water flow into the (a)
GE and (b) FML.
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Fig. 12 Failure modes in sandwich structures with balsa core and
glass/epoxy composite skin for specimens: (a) GE/B/DF, (b) GE/B/SF
and (c) GE/B/OF specimens during and after 3PB testing.
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Fig. 11 Degradation of (a) maximum flexural load and (b) initial
flexural stiffness for sandwich specimens with balsa core and FML and
GE composite skins after aging in water for 100 days.
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Fig. 14 Load-displacement curve for sandwich specimens with balsa
core (a) FML/B/DF (b) FML/B/SF (c) FML/B/OF (d) GE/B/DF (e)
GE/BJ/SF (f) GE/B/OF under buckling test by axial compressive load.
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Table 4 Results of buckling test under axial compressive load for balsa
core sandwich specimens
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Fig. 13 Failure modes in sandwich structures with balsa core and fiber
metal laminate skin for specimens: (a) FML/B/DF, (b) FML/B/SF and
(c) FML/B/OF specimens during and after 3PB testing.
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Fig. 16 Failure modes in sandwich structures with balsa core and GE
composite skin for specimens: (a) GE/B/DB, (b) GE/B/SB and (c)
GE/B/OB specimens during and after buckling test under axial
compressive load.
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Fig. 17 Failure modes in sandwich structures with balsa core and FML
skin for specimens: (a) FML/B/DB, (b) FML/B/SB and (c) FML/B/OB
specimens during and after buckling test under axial compressive load.
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Fig. 15 Degradation of maximum buckling load for sandwich
specimens with balsa core, FML and GE composite skins after aging in
water for 100 days.
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Tensile properties of flexible latex-based composites reinforced by cotton fibers
in the presence of shape memory alloys
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The main purpose of this paper is to determine the tensile properties of natural flexible composites. In
order to fabricate the composites, the cotton fibers and the latex were used as the reinforcement and
matrix, respectively. At the first step, the latex samples were manufactured and tested under tensile
loading. In the next step, using the cotton fiber the latex was reinforced and then tested under tensile
loading. In addition, the NiTi shape memory alloy (SMA) wire was used to improve the tensile properties
of the pure latex and the cotton/latex laminated composites. Therefore, one, two or three NiTi wires were
used in the pure latex and cotton/epoxy composites samples. The results of experimental study displayed
that in the presence of cotton fiber, the ultimate tensile strength of pure latex was increased from 0.93 to
13.51 MPa. Moreover, it was observed that due to adding one, two or three NiTi wires, the ultimate
strength of the pure latex was enhanced almost 70, 500 and 800%, respectively. However, the ultimate
tensile strength of the cotton/epoxy laminated composites in the presence of one, two and three NiTi
wires was increased almost 2, 20 and 40%, respectively. In addition, comparison of the current research
results with the other researchers’ investigations manifests that the cotton/epoxy composites reinforced by
NiTi wire, the tensile strength of this flexible material is greater than the tensile strength of natural and
artificial leathers.
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Fig. 6 Geometrical properties of cotton/epoxy laminated composite
specimens with or without NiTi wires.
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S5 ladiges clu gl oas solitul LB 4 JSi



PlloX- lanu osls’

Jlsalasla slaSWT )oda 13 asis B b 0 w9 (uSY adly jigcilasl sl s guels ulS yolsa

| Pure Latex
\
\ - - = Latex with two wires
\
| — - - Latex with one wire

5 — = = Latex with three wires

Stress (MPa)

15
Strain

Fig. 9 The stress-strain curves of the pure latex reinforced with or
without NiTi wires under tensile loading
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Fig. 10 The stress-strain curves of the laminated composites with or
without NiTi wires under tensile loading

Jyis g 530 b b sloY slacej5mlS (i5,5- 185 sla,loges 10 JCi

S (5,108 L cos

e O3 b b (A WSOV ladised ol plxiul 1 Jga o

Jsaz ol 3 45 jsbolen ool ond aodls AT (o JAS)L cow
Jaie Al SOY pe Jeis pee S i b o005 e oumlin
o A b9 5 eolainl bl ce (li8l as e 731 Sl ploul
Sl s B ok s oSl e s oSO &yt
[S VIS IROURIR VL I ¥1 | FRPL SIS g SUEI IS S PRE S NI ] IR g

Laiges byl -3-2

MBS 5 S Sl o ledigai Lo olye ol 5| o
2 Gy b laaiges 00,5 oolitul pliw oiws l iulejl plosl (glp
Ly psbal w48 57 GladSs wiad 5,05,k akds p b
s ol ) SVl (el 5 SV sladised iulesl @
A S5 b e ol g alef] 5l 55 4 oY

i -4-2

3 el i BB S-S Jged g plies oltws (2,5
laaised 4 bope (25525 sloylsed i s 4 10 5 9 lasts
Ll SVt el sladiged 5 Jsthe op b b oalls oSO
30,5 o oadlin 9 IS j0 a5 jeblen ailoads sols jlid Jgihe e
SIS IS ot S5V eole L8, azy BB T oalidls 5T
S iy 1Y slocipnals 5, 10 S5 5k Ll sl
ol lsalails glajl] g

Fig. 7 Tensile test of the pure latex reinforced with NiTi wires
55 Slapams b oty gt (alls S5V igad (S (a3l 7SS

Fig. 8 Tensile test of the cotton/latex consisting of the Niti wires
Jsiis spams (59l WSSV Ay (S j5malS diged (AS 5031 8 i

1784

0399208 (5 )9US 9 pole Ay yuins



0359405 (5 9US 9 pgle &y pubs

PlloX- [OLL.\M.) osls’

Dsalidls SloSWT hsuin )3 asty SUIL o2 sl GubY aly podpdllasil sy gralf i plsn

e O3 9 b slY oty joslS L28S b 4 Jgan
Table 4 The tensile stiffness of the laminated composites with or
without NiTi wire
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Fig. 11 The schematic of delamination phenomenon due to presence
of NiTi wire in the laminated composites
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Table 1 The ultimate strength of the pure latex specimens with or
without wire subjected to the tensile loading
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Table 2 The Young Modulus of the pure latex specimens with or
without NiTi wire subjected to the tensile loading
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Table 3 The ultimate strength of the laminated composites with or
without wire subjected to the tensile loading
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Table 5 Prediction of the ultimate strength and the corresponded strain
of the Latex sample in the presence of NiTi wires
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Table 6 Prediction of the ultimate strength and the corresponding strain
of the cotton/Latex samples in the presence of NiTi wires
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Fig. 12 The curve fitting related to the strain values corresponding
to the ultimate strength of pure latex samples
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Experimental and mathematical investigation of mechanical and microstructural
properties of PA6/NBR nanocomposite reinforced with silicon carbide (SiC)
nanoparticles
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Keywords Abstract

In this paper, the addition of silicon carbide (SiC) nanoparticles to polyamide 6 (PA6) / acrylonitrile-butadiene
rubber (NBR) blends was performed by friction stir process. In order to achieve optimal mechanical responses of
tensile strength and elongation at break, response surface methodology (RSM) was used to optimize the process
parameters of rotational speed (o), traverse speed (V) and material parameter as silicon carbide nanoparticles (S)
content. The validation of the mechanical results was done with compare the microstructure of nanocomposite
samples by scanning electron microscopy (SEM). Using mathematical models, the results showed that tensile
strength and elongation at break are increased by increasing the rotational speed from 800 rpm to 1200 rpm when
the values of silicon carbide content and traverse speed are constant. By selecting the rotational speed of 1200
rpm, traversed speed of 20 mm/min, and 2.784 wt.% of SiC process and material parameters, the maximum
tensile strength, and elongation at break can be achieved. Observation of scanning electron microscopy images
confirmed that the changes in mechanical properties are related to the changes in the elastomeric phase of NBR.

Polyamide 6

Acrylonitrile butadiene rubber
Silicon carbide

Friction stir process

Response surface methodology
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! Tensile strength
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Fig. 1 Plot of actual values versus predicted values for a) tensile
strength b) elongation at break
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Fig. 4 3D Plot of the interaction effect of travers speed and SiC content
on a) tensile strength and b) elongation at break
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Fig. 2 3D Plot of the interaction effect of rotational speed and travers
speed on a) tensile strength and b) elongation at break
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Fig. 33D Plot of the interaction effect of rotational speed and SiC content
on a) tensile strength and b) elongation at break
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The effect of Inconel 625 value on mechanical and tribological properties of
PTFE-based composites: Experimental and molecular dynamics simulation

studies
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PTFE-based composites are widely used as sealing materials. These composite materials are industrially
manufactured and supplied with various reinforcements. Despite the desirable properties of commercial
seals, these materials are generally not capable of sealing in specific working conditions and require the
design and construction of PTFE-based composite with new reinforcements. In this study, Inconel 625 alloy
powder was used as a reinforcing phase to make the PTFE-based composite. The effect of weight
percentage of reinforcement on mechanical and tribological properties of composites has been investigated.
In addition, the molecular dynamics simulation was used to investigate the composite wear. Addition of
Inconel 625 significantly improves PTFE wear resistance. Addition of Inconel 625 reinforcing phase to
PTFE matrix changes the PTFE wear mechanism from fatigue to adhesive type. Molecular dynamics
simulation studies have shown that this is due to the high interaction energy at the junction of PTFE and
Inconel 625, which does not allow PTFE to be easily separated from the sample. Among the developed
composites, PTFE-reinforced composite with 50% by weight Inconel 625 had the best combination in terms
of hardness (70 shore D) and specific wear rate (4.720* mm%Nm). The manufacturing method is easy to
use and the manufactured samples are capable of industrial production.
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Fig. 6 Wear test results (coefficient of friction, volume loss and
specific wear rate) PTFE and PTFE / Inconel 625 composites.
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Fig. 9 PTFE and PTFE / Inconel 625 composite concentration profiles

in line with the thickness obtained from molecular dynamics

simulations.

sbely 50 625 Bl opolis cojals 5 el cdale glafidgn 9 S50
(IS5 Salins (g5l oanlawsa cuales

0

80 90 100

625 JigSill 3k 5908l5 (oSilo ol 23
i -1-3-2

Olg Liali8l o a4 eauScust Jelge laedy corw Dlyd o958l
sadosls lis 1 Jgaz ,0 a5 jsbylen [25] was aalidl 1) oolis aise;
OHS die) (B ( Fig o, 50 Sig dus 0 5625 45! yog 58l el
PRVELIUNPY I ERORYS! PTG X N S IRWARC 11 L»J“).ad ojluilay |1,
S ke b8l o ls slis ae) e (53, 2 TS HE Rl LSl
l.j Ll 00 Ls"”‘“’ U“")Bl [vew &.)51‘“;" Aoy 4O JJgiu‘ oA....SQ.-,.o;
5 el et 10 S jo (g i3 logy oy 50 a5 jeblen gz gcn!
Sld cpl ol a3 lS (G359 o0 50) JisSol oaiiS o i 56 VL polie
g digas 3 JHG G950 o Wlgi o0 45 0 pdy o0 g0 el At 5o

Sydsr Gk Ay (e leP Rl com S Slge (393
0diuS Sy oy )3 yaud 4 oS eaiiS g gi 5B (YL slaas s 10 sz gl
RWE- U | P P PR CEL SLAPY- I RN SRR ESN LR TP E RS
Al 20l (oSl e 4 diges 5w B0 4y 25 51 Bl S
FSllohs Cojonsls iged slp (B 0 3VL & o) (6l o
(539 doyd 25 aslllas cpl j0) cauSiagss 3B 5l (glaiugy awo,o 625

Sgei oslaiwl g oo

FsSulopplss slocy j9elS g (ol J5xlss 5 (25w slapyges] @b 1 Jguz
625

Table 1 Results of hardness and porosity tests of PTFE and PTFE /
Inconel 625 composites.
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A numerical study on crack closure using a combination of self-healing micro-
capsules and shape memory alloy wires
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Self-healing materials can be used as one of the types of smart materials in recovering and repairing
equipment and preventing breakdown and fracture of tools. There are several ways to increase the efficiency
and repeatability of the self-healing process, one of which is to combine self-healing microcapsules with
shape memory alloys. Although several laboratory studies have been performed in this field, this method
has not been given the attention it deserves. In this study, an attempt has been made to evaluate the
performance of this compound using the finite element simulation method. For this purpose, glass
microcapsule and Ni-Ti SMA within the concrete matrix was used. After examining the results, the effect
of shape memory alloy wires on increasing the maximum fracture stress was quite obvious. By adding two
shape memory wires, the fracture tension has increased from 1.93 MPa to 2.08 MPa. Also, the most
important effect is to close the crack opening distance in such a way that using two shape memory wires,
the distance of the crack opening has decreased from 5 pum to 0.008 pum. Then, the effect of radius of
memory alloy wires and thickness ratio and volume fraction of microcapsules on ultimate fracture stress
and self-healing performance was investigated. Finally, the effect of interface strength on microcapsule
fracture and ultimate fracture stress is evaluated.
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Table 3 Microcapsule and matrix properties for verification[13]
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Fig. 6 SMA behavior simulation results in comparison with Brinson and
Lammering. (1993) in -10°c temperature
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Fig. 4 Simulation results in comparison with Gilabert et al. (2017) using
5 MPa as the interface strength
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Fig. 12 Axial displacement contour for a model with 1 wire and a radius
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The role of mechanical alloying time on the thermal and mechanical behavior
of Ni/Al reactive composites
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Reactive composites are a new group of composite materials consisting of two or more materials that cannot
ignite or explode in the Environmental conditions, but can release a lot of energy due to shock and severe
impact loads. This study aimed to investigate the effect of milling time on the microstructure, thermal and
mechanical properties of the Al-Ni composite. For this purpose, the Al-Ni compound with a 2:1 Al-Ni
molar ratio was milled for 0.5, 1, 2, 4 and 6 hours in attrition mill and mixed. Then the samples were cold
press and sintered at 400 °C under argon atmosphere for one hour. The microstructure of samples was
analyzed by field emission scanning electron microscope (FESEM) and XRD. To investigate the thermal
properties, DSC and DTA analysis, and for mechanical properties, compression test and Hopkinson test
were used. The DSC analysis results showed that by increasing the milling time, the reaction start
temperature decreased from 650.34 °C in the sample milled to 0.5 hour to 645.84 °C the sample milled to
6 hour and the reaction heat (enthalpy) decreased from 26.87 J/g to 14.84 J/g. The results of compression
and Hopkinson tests of samples after 6 hours milling time showed 21 and 42 percent increase in
compressive strength, respectively compared to samples after 0.5 hours milling time. Also, the results
showed that the compressive strength increased by changing the strain rate from 0.01 s (in the pressure
test) to 1000 s (in the Hopkinson test).
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Fig. 2 FESEM images showing surface morphological changes after a) 0.5, b) 1, c) 2, d) 4 and e) 6 hours milling time.
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Fig. 8 Stress-strain curve of compression test for samples after
milling at various times.
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milling at various times.

Gl slaple; ;5 baiges sl ,Lid ansl 5l bl (5,Led alSrial 9 S
& 5L

Oyl (903l 63 -1-2-3

G lid LSl g (g lad i S il Somie wod 4 11 510 sl S
6542105 I G 0sd 4 SaajoualS iyl a3l 5| Jol>
STl g a3l i o] dlie ims o i |y (6,5 leus] el
a0 NI alyd caslio g5 e 40 ls Jlis a1 (5 ,Lid Lol dsupp
a5 ! 274.9 MPa 5 51wl el B b coja0lS (6 )lid plSoul Al
093] @b dumlie sl iy 000 42 (51wl 0.5 b aiges & S
1000 5™ 55,5 55 L ogmieSole (y905] @l L0.01 ST (235 ¢ 3 jlad
oIl 5L plSovinl (25,5 25 Bl b aS e o a (nl s Ol oo
e SRl NS we )y

300
270
240
210
T 180 &h
2 150 = = :4h
bl
g — = .2h
5 120 a
90 — . 05h
60

w
=}

o

0 0.01 0.02 0.03 004 005 006 0.07 008 005 01 011 012
Strain (%)

Fig. 10 stress-strain curve of SHPB test for samples after milling at
various times.
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Free vibration analysis of sandwich plates with magnetorheological smart fluid
core by Using modified shear deformation theory
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In this paper, the free vibrations of a three-layer sandwich plate with magneto-rheological fluid (MR) core
as a smart structure using Trigonometric Shear Deformation Theory (TSDPT) are investigated. The
equations of motion are obtained using the Hamilton principle and solved using the Galerkin residual
weight method. The complex shear modulus of the MR material in the pre-yield region was described by
complex modulus approach as a function of magnetic field intensity. Primary attention is focused on the
effects of magnetic field magnitude, geometric aspect ratio, and MR core layer thickness on the dynamic
characteristics of the sandwich plate. When an electric field is applied, the damping of the system is more
effective. After validation of the present study with the available results in the literature, the effects of the
natural frequencies and loss factors on the dynamic behavior of the sandwich plate are examined and
discussed. The results show that increasing the intensity of the magnetic field increases the frequency and
depreciation coefficient of each mode. Furthermore, increasing the thickness of the fluid has a direct effect
on increasing the depreciation coefficient and decreasing the frequency. With the increasing use of smart
structures, it is hoped that the findings of this study will make engineering applications more effective.
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Fig. 2 The effect of variation in the magnetic field intensity on the
first to fifth frequency of sandwich plate with MR core
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Fig. 6 The frequency changes of the sandwich plates with magnetic
fluid core for different H
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fluid core for different H
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magnetic fluid core based on different magnetic fields

Sl madile §y9 polez U sl slasge Slpil o Dl 5 S
Galigea cogbliie sloglane sl 4 omabline Jlow

Zedle 3)9 Jsl 090 4 bg o it 8 g b uils 5 Sl pis
s S ps 5 Gl cnboliie slagloge (515l 4 omnbliin Jlow (sl
ol b gl ael gl ol oad ools (Lis T 9 6 la St o pgs Job
s b os 4 b yloges opl ol ond 423, a0 h=0.3 L sges
bl ugaile ol ool Clasie p 1) cwblie Jbw &Y
a3 oo ol oge (Slie npd g (ormb SlalS
SlaulS 3 IS ol H bl Galidl 395 o0 onss 45 455 los
b bl Jlow ga¥ Caled (l33 s 4 2alS ol ogd o0 39
Y (aal3l oo gognile culi Cwls sl @dly o aib e H 2al53l
oS ol 0,8 e sl 5 oYU saVes ol el panblise Jlow
el H il ol 3l o ity i 5| il 5 oVl (sl (st
s S S B BBy 068 co i Sla Wl 8 sled ials
S g e Gl pl 5 ed e ol cwls ol L Sl o o
dlile ;0 a3 oo i 395 5l (6 pReir (Sliee Coold (pnbline Jlow
a5 (6,00 a5 il il ez g Sy onl 5y dasd a5 > b

b oS ol @il & s ol ol Jlow Y Caslnd ois b e

1832

229205 59U 9 pgle &g ks



0930l (5 )9Ud 9 pole &y puiss

Susb b 5 (S o998

JE255) 95 910 S 9 Jluww Al b sz 93k slag 9 SUT Lblss)l Julos

58 odal ey s ol Jaw (5,108 ams (gl sl 0ol Llod &Yolee
59 5 el 00y 5 aslie Glisee milie )5 0ad jiiie @l b Gadow oyl
Soe)ly vy swiin slayill aile il slo e Sl adlsl
P e hr SLSSD sE @ g g emeblise Jlw 4 bgye
2edee Ol ) TS &
g on 3L o5l Sl WS B (saled (pbliie Glae 3Bl L .
Sl 31 0 GuilS )8 2ali8l el @l 3l aS 00 )5 oo canlive (yuizmen
Wl Olg oo @8ly 50 Al on Faiez n SV ladge ;5 (publine
Sal @y azdy b Jlow penbline plae (Rl L S 05 oL
Ol SR 8 5t ol 3l ol (5 (alidl 5 99,5 o0 5 Su033
U JERRPES ).;L‘ cod
Ol A i penbline lage il a5 0eh o snalie .
GV E5 Ll s Sl ol 80,F e s Sl 3
iy Mogai o oS e £S5 0 e ob) | pies slo S,
Sade U lanl T polie a5 caol ol conl salive JB Sl
SVgil s 5 0l b Lol 8 gm0 led a3l L .
Soge 10 a5 cawl g8 a4 Sl oo oS 0ed o @S
S 0leds (il &S S9ad (i Olion 9 W FobLeS by
Bl LB gl e 55 2 55 VU S slaoge
bl Jlw ¥ Gl @il ol culis Sl a .
S el 2038l ol iy aiis 31 ol g oYL slaayg,
g se 3l Calied a3l b el b s (sl uilS 3
Jow o GRlPl L &S S5 i Gl b5 b .
cpd g srmb ol (ugaile Gy 0 Hpame (cbline
Jedo (e (nl anlioe Gl g GRS i 5 s Sl
e s 2ol 1) o5l e cbliie Sl Jlaie Ligl3l a5 oo
e e i3l ) o

125 -
——h=0.2, 1st Mode
120", — = h=0.3, 1st Mode|
N - - - h=04, 1st Mode
115 -
N 110 4
<
]
105 |
100
95 -
90 - T T T T T T
0.2 04 06 0.8 1.0
H

Fig. 10 The effect of H and h on mgin frequency of sandwich plate
with MR core
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Fig. 8 The effect of variation in the magnetic field intensity and h on
main frequency of sandwich plates with MR core
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Fig. 9 The effect of variation in the magnetic field intensity
and h on main modes loss factor of sandwich plates with MR
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A novel approximate method for determining mixed mode I/1l bridging law of

laminated composites
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This paper has been presented according to the importance of crack bridging in mixed mode I/l
delamination of laminated composites and it is aimed to understand the physics of crack bridging. Firstly,
the most important micro-mechanisms involved during fiber bridging are introduced. To do this,
interlaminar fracture tests have been performed on composite specimens. Also, the fracture surfaces and
the damage zone on the edge of the specimens have been observed using a scanning electron microscope
(SEM). In the following, due to the complexity of the existing bridging models and the difficulty of
determining their various parameters, a novel approximate method has been presented. In this method,
which is based on a more complex physics-based model, the bridging laws are extracted by preserving the
physics of the problem and considering simple approximations. The main advantage of the proposed
method is the achievement of bridging laws using simpler relationships with fewer required parameters.
Finally, the validity of the method has been evaluated through a comparison of the traction-separation
behavior predicted by the proposed approximate bridging laws with the experimental traction-separation
curves in different mode mixities.
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Table 1 Elastic properties of unidirectional M30SC-150/DT 120-34F
composite [18]

E, (GPa) E, (GPa) G,, (GPa) Vi

155 7.80 5.50 0.29

[19] E-glass/EpOn-826 . jeuelS a5 SilSe olys 2 Jouzr
Table 2 Elastic properties of unidirectional E-glass/Epon-826
composite [19]

E, (GPa) E, (GPa)
35.25 10.82 4.28 0.27
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Fig. 3 Experimental setups for a) DCB, b) MMB and c) ENF tests
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Fig. 1 Dimensions of a) DCB, b) MMB and c) ENF specimens
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Fig. 2 a) DCB, b) MMB and c) ENF specimens
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Fig. 5 SEM damage zone samples
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Fig. 6 SEM micrographs of the edge of a) a glass/epoxy laminated
composite under mixed mode I/Il (50% mode Il) loading
(Magnification x800); b) a carbon/epoxy laminated composite under
mixed mode I/11 (25% mode I1) loading (Magnification x60)
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Fig. 4 SEM fracture surface samples
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Fig. 10 SEM micrographs of the edge of a glass/epoxy laminated
composite under mixed mode I/Il (25% mode Il) loading
(Magnification a) x250; b) x500)
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Fig. 11 SEM micrographs of the edge of a glass/epoxy laminated
composite under mixed mode I/Il (75% mode Il) loading
(Magnification a) x150; b) x800)
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Fig. 7 SEM micrographs of the edge of a) a carbon/epoxy; b) a
glass/epoxy laminated composite under mixed mode I/11 (25% mode I1)
loading (Magnification x150)
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Fig. 8 SEM micrographs of the edge of a) a carbon/epoxy laminated
composite under mixed mode I/Il (75% mode Il) loading
(Magnification x500); b) a carbon/epoxy laminated composite under
mixed mode I/l (50% mode Il) loading (Magnification x250); c- a
glass/epoxy laminated composite under mixed mode I/11 (25% mode I1)
loading (Magnification x500)
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Fig. 9 SEM micrographs of the edge of a carbon/epoxy laminated
composite under mixed mode I/Il (50% mode Il) loading
(Magnification x2300)
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Fig. 12 Traction—separation responses predicted by proposed
approximate bridging law in comparison with experimental traction—
separation curves for unidirectional E-glass/Epon-826 composite in
different mode mixity angles: a) Normal and b) Tangential direction.
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Fig. 14 A micrograph of initial fiber bridging in delamination of
unidirectional E-glass/Epon-826 composite (Magnification x700)
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Table 3 Physical and mechanical parameters used for implementation
of approximate bridging law in delamination of unidirectional E-
glass/EPON 826 composite
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Fig. 13 A photograph of the crack front view of unidirectional E-
glass/Epon-826 composite during delamination growth [38]
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Using a multi domain generalized differential quadrature method to study the
effect of crack on the vibrational behavior of composite cylindrical shell

Ali Talezadehlari'
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In this study, the vibration of a composite cylindrical shell in the presence of a longitudinal and
circumferential crack was investigated. The governing equations were derived based on the first-order shear
deformation theory and could be converted to Donnell’s, Love’s, and Sanders’ theories by selecting proper
parameters. A multi-domain generalized differential quadrature method was used to solve the problem. In
this technique, a physical domain was decomposed into several elements. Then, a generalized differential
quadrature method was employed to discretize the governing equations, boundary conditions at shell edges,
and the compatibility conditions at the interface boundaries of adjacent elements in both longitudinal and
circumferential directions. Assembling these discretized equations led to a system of algebraic equations,
which could be solved through an eigenvalue solution to calculate the natural frequency of the shell. This
procedure was coded in MATLAB environment. Numerical results obtained by the presented method were
compared with ABAQUS results and those available in the literature. After verifying the accuracy and
precision of the proposed method, it was employed to study the effect of different parameters on the
vibrational behavior of cracked composite shells. The obtained results can be used as a benchmark for
further studies.
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Fig 3. Mode shapes of shell with circumferential crack. a) C=100 cm,
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Fig 4. Variation of normalized frequency of shell with longitudinal
crack; a) first mode b) second mode
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Fig. 7 Mode shapes of shell with different longitudinal crack size (L=1 m, R=0.5 m). a) First mode, b) Third mode, c) Fifth mode
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Fig. 9 Frequency variation of shell with different crack dimension (L=1,
R=2); a) longitudinal crack b) circumferential crack

(Gl (L=1, R=2) S 5 Gilisee olal 15 4y gy smumsls (ilS )3 it O S
shee S (o Job S5



s Nesljgllb e

) 920l (sladl gl A 9 Sle3 )l JLS) o S H5 H3l Jul=s "6')._)6'45@'.\.\1}&1‘9[._)_?@“ 5 Suoles wilsy yo Y9 Il oslaiuwl

A e e 2 Gl b g Y Caip Ojgo 4 oS gl SIS i
sl 00 anBWSJgg?)a R ‘519.19

cilbize slognzay lp Jsb I3 o 5 b atwgy (gl (58 3 Jgua
Table 3 Natural frequency of shell with and without longitudinal crack
for different layup

c/L=0.8 ¢/L=0.6 c/L=0.4 ¢/L=0 s=zaY
119.35 152.71 216.29  275.62 [+45,0,90]s
111.27 141.96 201.37  258.70 [+£45,90,90]s
125.60 160.88 226.73  290.71 [+45,0,0]s
114.62 150.17 213.08  248.58 [0,90],s
115.89 146.88 205.96  271.70 [£60]2s
120.76 153.43 216.35  280.58 [£45],s
118.97 154.08 219.03  268.61 [£30]2s
112.06 150.03 207.69 232.81 [£15],s

00l gwyyp 6“;}%‘)1 UL..A 5o a5 FERY UL..., ol Cews a c.nl.u
2 E3ose (nl Cwlls 1) (ol GRS G it [£45,0,0]5 oz ey
GezaY @ baye (S5 g ateg lp b WBRE S
2 S dmy aSul axg BB S calls | b LGlSE e
Wb ol asmilz Jle glee 4 o)l Selaie I Gl b gz
|y ek oS3 020 [£1525 eV b 55 s &gy iz
25U dtag opl ol GulS 8 Lol 1,18 o oy slaial)] olee o
Slawgy (Bla )| (S5 2 a5 IS 4 0y o0 ok S 5 092 5l s S
Sl 5l i C/L=0.6 4C/L=0.4 slul &b S5 sl)ls 5 (guzau¥ cpll

& S sz 5o sl ol Cess 4 @l i (o psliie &
Jgo 50 g edd dmig ez Y Glea b S5 e gy (orb 5
S92y b > 5145 wms o Las Jsuz cnl gl ol on ools il 4
Sy oojlal 4y At cpl Lol sl @glaie iz glo cozaY S
Oty 00wy sl ialT e 50 oS 5 slal ded (gl 0 las (i
5 Sl [£45]25 5[+60]o5 oz aY 4 bape S5 052 5l iy 3l
ObLs sl [0,90]25 5 [£60]55 (e & by yo syl 208
3975 3l reb S 3 520480 Olis o5 4 4 Jgar s 2l 53
L ool [0 axgr JB asS conl oad &lil g oy (0L 4 oS 3D Sy
e on alS a2h, b Glis slo sz oo S5lE5 55 Jsbo il
e 0 e Sonal 55 Jsbo Gl L S8 Sk
& 25 Az -6
5 Job S5 gsi 90 shils suemelS slailginl anngy Glilss )l dlde ol jo
US55 6,95 Al 2 oSl SYoles ol 4285 )15 addllas 550 laxe
oY (il slocs o5 a4 o Sl oS oals Lo (slaisS 4 Jgl e Sy
Lo 38le s o o Wy, ol ool oolaiwl laels iz aidl s
Bl = sl 01)1 IRV .\SW)L.&‘)I o el 00 6“"‘5"”’5
sl 0 03liial oS 5 arsgy SLales ) L5, s calises (sl el

500
450
400
350
300
250
200
150
100
50
0 T T T T T T T \

Natural frequency (Hz)

Normalized natural frequency

0.3 A
02 -=t=05 at=1 =2 »-1=3
0o1d e=4 w5 =6
0 T T T T T T T "
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
c/L
(b--)

Fig. 10 Frequency variation of cracked shell with different thickness, a)
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Table 4 Normalized natural frequency of shell with and without
longitudinal crack for different layups
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Energy absorption of polyester/kenaf fiber/carbon black hybrid composites
affected by fibers aspect ratio
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Impact resistance and energy absorption of thermosetting composites is not only due to the inherent brittleness of the
matrix, but also reinforcing the matrix with other composite components due to agglomerated phases, weak interfacial
interaction at the absence of functionalization and coupling agents and thus weak interfacial load transfer could result
in more deteriorated thermosetting composites energy absorption behavior. One important geometrical quantity is the
effective aspect ratio (AR) of fillers. In this study, hybrid microcomposites of natural kenaf fiber/polyester was
prepared through a direct mixing technique using nominal fiber's ARs of 160, 250 and 320. To evaluate the synergistic
effects, micro-particles of carbon black (CB) at the loading of 0 to 8 wt% were added to specimens with kenaf wt%
of 5. The results demonstrated the direct influence of AR and wt% of fibers on the impact resistance with up to 203%
improvement. The synergistic effect of CBs on the reference sample containing 5 wt% of fibers of 0.5 and 1 cm and
5 wt% led to 108% increase in the impact resistance in the case of 0.5 cm long fibers; however, at longer fibers the
addition of CB resulted in the decrease in impact resistance and no significant changes in absorbed energy. The
observed 28 and 65% enhancement in the absorbed energy of behavior of samples filled 5wt% of CB and 5 wt% of
kenaf with the length of 0.5 cm compared to neat polyester and the reference kenaf/polyester parts, respectively,
confirmed the synergistic effect of CBs and kenaf.
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Fig. 2 (a) polyester reinforced with kenaf fiber with the length of 2 and
(b) 1 cm, (c) composite compound casting within silicon mold cavity and
(d) three component polyester/kenaf/carbon black final composite part
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Fig. 4 Drop weight loadcell calibration curve with mass of 1 Kg in
determination of calibration coefficient
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Fig. 3 (a) representation of the drop weight loadcell system with
specimen clamped, (b) damaged pure polyester part in drop weight test,
(c) the composite specimen before drop weight test and (d) after damage
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Fig. 5 Impact resistance of polyester/kenaf with fiber length of 0.5 cm
against fibers wt%
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Fig. 6 Impact resistance of polyester/kenaf with fiber length of 1 cm
against fibers wt%
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Fig. 7 Impact resistance of polyester/kenaf with fiber length of 2 cm
against fibers wt%
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Fig. 8 Comparison of impact resistance of polyester/kenaf with fiber
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Fig. 11 Impact resistance of 5 wt% kenaf hybrid composites (0.5 and 1
cm) reinforced with 0-8 wt% of CB
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Fig. 10 Impact force in drop weight test in polyester/kenaf fiber based on
optimized wt% and kenaf aspect ratio
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Fig. 13 Impact load in drop weight test of 5 wt% filled polyester/kenaf
with fiber length of 0.5 cm against CB loading
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Fig. 14 Impact load in drop weight test of 5 wt% filled polyester/kenaf
with fiber length of 1 cm against CB loading
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Fig. 1 Results of three- point bending test for composite plate
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