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Study of C0304-Al203 Composite Powder Synthesis Method on Specification
and Thermal Energy Storage Capacity
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In this research, Co304-5 wt.% Al,O3; composite was prepared by two different methods including milling
of oxide mixtures (first method) and mixing of pre- milled cobalt oxide and iron oxide (second method).
Then, particle morphology, average particle size, Al,Os distribution, and thermal energy storage capacity
were investigated by Field Emission Scanning Electron Microscopy (FE-SEM) , Energy Dispersive X-ray
Spectroscopy (EDS), and Thermal Gravimetric Analysis (TGA) methods. The results showed that
samples prepared by first method during short milling time (less than one hour), generally showed better
energy storage capacity (equivalent to 2 wt. % of O, storage) than the samples prepared by second
method in the short milling time(equivalent to 1-1.5 wt. % of O, storage). It was while that samples
prepared in long milling time (16 h) by second method had higher energy storage capacity (equivalent to
2-6 wt. % of O, storage) than samples prepared by first method (equivalent to 2 wt. % of O, storage) in
similar ball milling time. Among the samples prepared by second method, the samples prepared by 16-h
milled cobalt oxide showed better redox behavior than the other samples. It was also found that reducing
the particle size of the composite powder (reducing the diffusion distance of oxygen atoms) is not
necessarily accompanied by improved thermal energy storage capacity.
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Table 2. Methods used for synthesizing of Co304-5wt.% Al,O;
composite powder
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Fig.2 Mean particle size of C0304-5 wt. % Al,O3 composite powder,
prepared by various methods after first and third redox
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Fig. 3 SEM images of Co30,-5 wt. % Al,O3; powder prepared by milling
of oxides during a) 0 h, b) 1 h, ¢) 16 h after third redox cycle
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Fig 4. SEM images of Co304-5 wt. % Al,Oz; powder prepared from as-
received cobalt oxide with Aluminum oxide ball milled for a) 0 h, b)
0.5, ¢) 7 h after third redox cycle
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Fig 6. SEM images of Co304-5 wt. % Al,0; powder prepared from 16 h
— ball milled cobalt oxide with Aluminum oxide ball milled for a) 0 h,
b) 0.5, ¢) 7 h after third redox cycle
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Fig 5. SEM images of Co304-5 wt. % Al,O3 powder prepared from 1 h-
ball milled cobalt oxide with Aluminum oxide ball milled for a) 0 h, b)
0.5, ¢) 7 h after third redox cycle
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Fig. 7 EDS-map images of a) Co;04 16h.BM+ Al,O3; 0.5h.BM and b)
Co304 16h.BM+ Al,03 7h.BM samples
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An investigation of impact resistance of sandwich panel with basalt skin
and basalt/Kevlar hybrid skin with nano silica
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In this paper, the effect of nano silica on impact resistance of sandwich panels with basalt skin and hybrid
sandwich panel with basalt and kevlar skin is investigated. Sandwich panels with a basalt skin consist of
four layers of basalt fabric as the top and bottom skins which the foam core is located between them.
Sandwich panels with a hybrid skin consist of four layers of basalt/Kevlar/Kevlar/basalt fabric as the top
and bottom skins which the foam core is located between them. Kevlar fabrics with a density of 200 g /m?,
basalt fabrics with a density of 350 g /m?, a polyurethane foam with a density of 140 g/cm?, EPR1080
epoxy resin and different weight percentages of nano silica were used to make sandwich panels. All
panels are fabricated using Hand Lay-up method. Ultrasonic device was also used for homogenization
and better dispersion of nano silica in epoxy matrix. Low velocity impact tests were performed using drop
weight equipment at constant impact energy on the specimens. The results showed that the addition of
nano into the sandwich panel improved the impact resistance and the maximum contact force is related to
the sandwich panel with 1.1% nano silica.
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Fig. 10 Impacted and non- impacted sides of Sandwich panels with
basalt skin after impact test
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Fig. 11 Contact force-time curves of sandwich panels with hybrid skin
with impact energy of 20 J
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Fig. 8 Contact force-time curves of sandwich panels with basalt skin
with impact energy of 20 J
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Fig. 9 Contact force-displacement curves of sandwich panels with
basalt skin with impact energy of 20 J
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Experimental study of the effect of impact shape and skin layout on the
behavior of aluminum foam core sandwich panels at low velocity impact
load
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Keywords Abstract

Low Velocity Impact, In this paper, we investigated the effect of impactor shape and surface layer on composite sandwich plates
Composite Sandwich Sheet, under the impact of drop weight. The core material of the sandwich plate was A356 aluminum foam
Aluminum Foam, reinforced with SiC particles produced by the fusion method using the CaCO; foam-forming agent. The
Impactor Shape, plates were made of E-glass / epoxy with the quasi-isotropic and orthogonal layout as well as a pure
Layout aluminum layer. For the impact test, the drop weight impact device was used and to investigate the effect

of the impactor shape spherical, parabolic and cone impactor manufactured. Some of the effective
parameters for evaluating the material behavior under impact loads including maximum impact force,
maximum displacement, and the amount of specific absorbed energy of the plate for different states, were
investigated. The results showed that the higher the radius of impactor curvature, the greater the impact
force would be. Also, the plates with a quasi-isotropic composite had the highest specific energy absorbed
and the aluminum plate have the lowest amount of particular energy absorbed. In terms of maximum
impact force and maximum mid-plate displacement, the cross-ply layout skin layer worked better.
Therefore, depending on the application of sandwich plates, the use of composite skin (quasi-isotropic or
cross-ply) surfaces instead of aluminum in the design of energy-absorbing structures was recommended.
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Fig. 2 Sample Sandwich Composite Plate with Aluminum Case (a)
Front View (b) Side View
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Fig. 4 Three types of impactor shapes (a) cone (b) parabolic (c)
spherical with their weight
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Fig. 3 Drop weight device (a) General scheme (b) Moment of
impact on the specimen (c) pneumatic jack equipment for
secondary impact prevention
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Fig. 7 Comparison of force-time diagrams for three types of skin
layer with spherical impactor
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A novel smeared method for investigating the free vibrations of sandwich
conical shells with lattice cores
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In this study, an analytical model was presented for investigating the free vibrations of sandwich conical
shells with lattice cores. A novel smeared method was employed to determine the stiffness contribution of
the stiffeners. In this approach, the lattice core was approximated with an equivalent composite conical
shell. The stiffeners were considered as a beam which support the shear loads and bending moments in
addition to the axial loads. For this purpose, the stiffness contribution due to the stiffeners was firstly
determined through the forces and moments analysis of a unit cell and then superimposed with those of
the inner and outer skins in order to obtain the stiffness parameters of the whole structure. The governing
equations were deduced using the classical shell theory of Donnell type and Galerkin method. In order to
validate the analytical results, a 3-D finite element model was also created using ABAQUS software.
Comparison of the results, revealed good agreements between the two approaches and demonstrated that
the proposed analytical model is qualified enough to investigate the free vibrational behavior of sandwich
conical shells with lattice cores. Results given are novel and can be used as a benchmark for future
studies
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Fig. 6 Mode shapes of the sandwich conical shell under
clamped-clamped end conditions
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Table 5 Comparison of the results obtained by CLT and FEM for
different skin thicknesses
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Table 4 Comparison of the results obtained by CLT and FEM for
different mode numbers

%) > FEM CLT (m.n)
0.52 2492 2505 (1,0)
0.33 2434 2442 1,1)
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Experimental investigation of surface finishing in cracked aluminum
plates reinforced by composite patch under fatigue loading
Mahdi Najafpour Mollabashi, Majid Safarabadi*, Mojtaba Haghighi Yazdi

School of Mechanical Engineering, College of Engineering, University of Tehran, Tehran, Iran
*P.0.B. 14155-6619, Tehran, Iran, msafarabadi@ut.ac.ir

Keywords Abstract

Composite patch, To prevent fatigue damages in cracked equipment and structures, the repair is known as a proper method.
Fatigue crack propagation, One of the best practices for repairing cracked plates is using polymer composites with adhesive bonding
Roughness, joints. In this paper, the effects of surface finishing on fatigue life of repaired plates with the composite

Cohesive joint,

) ! patch were investigated. The single edge cracked plate was made of aluminum 1050 and the repair was
Stress intensity factor

applied for one side of the plate. The woven fiberglass was used as a patch and it was jointed to the
cracked plate by Araldite adhesive. In this case, the roughened surface by sandpaper No.40 increased the
plate properties by 55%. Also, the experimental results revealed that making low roughness on the
cracked plate using sandpaper No0.600 increases the life cycles by 7%. However, a higher value of
roughness reduced the life cycles of repaired plates compared to the base case (plates without roughness)
up to 25%
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Table 7 Experimental results of lifetime of unrepaired samples in the
fatigue test
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Table 8 Experimental results of lifetime of repaired samples in the
fatigue test
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Fig. 13 Experimental results of effects of adhesive properties on
lifetime of repaired samples
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Fig. 12 Fracture steps in the fatigue test-the beginning of the test (top
right), the actual cracks (top left), the growth of the cracks and the end
of piece thinning (middle right), the final failure and separation (middle
left) and fatigue fracture breakdown section in the simple sample
(down)
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Fig. 14 Experimental results of fracture in repaired samples- sample
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Parametric investigation of dynamics of beams made of FG material with
longitudinal and whirling movements exposed to axial forces

Ali Forooghil, Mohammad Reza Ghazavi 2"

1- Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran.
2- School of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran
* P.0.B. 14115143, Tehran, Iran, ghazavim@modares.ac.ir

Keywords Abstract

Axially moving and rotational beam To improve the performance of the bi-gyroscopic systems, vibration and stability of an axially graded
Axially functionally graded material beam with both axial and rotational motion subjected to axial load have been studied. In addition, a
Coupled vibrations detailed parametric study was performed to explain the effect of various key factors such as range of axial
Divergence and flutter graded of materials, type of material distribution, viscosity coefficient, rotation and axial motion on the
Stability map dynamic of the system. It was assumed that the material properties of the system change linearly or

exponentially in the longitudinal direction. The critical axial and rotational speeds of the system were
obtained by using the Galerkin discretization technique and eigenvalue analysis. An analytical method
was used to identify system instability thresholds. The stability graphs were inspected. For the first time
in this paper, it was verified that the stability evolution of the structure could be changed by properly
regulating the axial graded of the material. It was concluded that changes in density gradient parameters
and elastic modulus have opposite effects on the divergence and flutter boundaries of the system. Also,
the destabilizing influences of compressive axial load can be reduced by determining the density gradient
and elastic modulus in the longitudinal direction, simultaneously
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Fig. 1 Schematic of the axially graded beam with both axial and
rotational motions
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Fig.7 Divergence rotating velocity of the axially graded beam based
on elastic modulus gradient parameter for (=0, P=0, ap=1
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for (=0, P=0, aE=1, Q=9.5
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Fig.13 Divergence axial velocity of the axially graded beam versus the
density and elastic modulus gradient parameters for (=0, P=0, Q=2
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Fig.12 Fundamental frequencies of the axially graded beam versus
the density and elastic modulus gradient parameters for (=0, P=0,
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Experimental study on the mechanical properties, morphology and fluidity
of ABS/PBT/CNT nanocomposites
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Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran.
* Tabriz 5166616471, Iran, shelesh-nezhad@tabrizu.ac.ir

Keywords Abstract

ABS/PBT blend, Acrylonitrile-butadiene-styrene (ABS) polymer owing to its relatively good mechanical properties is
Nanocomposite, broadly used in the production of plastic products. However, ABS low fluidity prevents molding of thin-
Carbon nanotube, walled products. In this study, poly (butylene terephthalate) (PBT) was applied into ABS to enhance
Mechanical properties, fluidity. In addition, carbon nanotubes utilized to promote mechanical performances. ABS/PBT blends of
Melt fluidity, three different weight percentages (90/10, 80/20, 70/30) and nanocomposites based on ABS/PBT (80/20)

blend containing 0.1, 0.3 and 0.5 wt. % of carbon nanotubes were prepared by employing a twin-screw
extruder and an injection molding machine. The mechanical properties including tensile, flexural and
impact resistance along with morphology and fluidity of different samples were investigated. The
presence of 10, 20 and 30 wt.% PBT in ABS elevated the melt flow index as much as 25, 58 and 78%
respectively as compared to pure ABS. The inclusion of PBT enhanced tensile and flexural strengths but
reduced notched impact resistance. The existence of carbon nanotubes in ABS/PBT improved mechanical
properties. The highest tensile strength was observed in nanocomposite containing 0.5 wt.% carbon
nanotubes. The maximum flexural strength and impact resistance were observed in nanocomposite
containing 0.3 wt.% carbon nanotubes. SEM studies showed the significant effect of CNT inclusion on
the fracture morphology of nanocomposite samples
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Sample code ABS PBT CNT
(Wt.%)  (wt.%) (wt.%)
ABS 100 0 0
ABS/PBT (90/10) 90 10 0
ABS/PBT (80/20) 80 20 0
ABS/PBT (70/30) 70 30 0
ABS/PBT/CNT (80/20/0.1) 79.9 20 0.1
ABS/PBT/CNT (80/20/0.3) 79.7 20 0.3
ABS/PBT/CNT (80/20/0.5) 79.5 20 0.5
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Fig 7. SEM image of ABS/PBT/CNT (80/20/0.5) nanocomposite
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Fig 4. SEM image of ABS/PBT (80/20) blend
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Investigation of the Effect of Graphene Nano Plates and Carbon Nanotubes
on the Improvement of Mechanical Properties of Aluminum Matrix
Nanocomposites

Abolfazl Babazade, Mohammadjafar Hadad*, Majid Safarabadi

Department of Mechanical Engineering, College of Engineering, University of Tehran, Tehran, Iran.
*P.0.B. 14155-6619, Tehran, Iran, mjhadad@ut.ac.ir

Keywords Abstract

Graphene, One of the methods to improve and achieve superior properties, is to modify and optimize the
Composite, Manufacturing Process and to consider the use of nanoparticles as reinforcements in these materials. In
stir casting, this regard, stir casting method is considered as one of the methods of distribution of refractory particles
nanotube carbon, in the melt and three percent by weight of 0.01, 0.05 and 0.1% of graphene nameplates and carbon

nanotubes as reinforcements particles added to The primary alloy A356, due to the properties of carbon
based nanoparticles. The optimum conditions, including the rotational speed of the graphite mixer, 500
RPM, were obtained for one-minute mixing in a row, at 740°C. The results of elemental, phasic and
microstructural analysis, confirmed, the distribution correctly of reinforcements nanoparticles in the
composite matrix. The tensile test showed, an increase in yield, ultimate and fracture strength, and also
strain, so that the maximum increase in strength and strain using 0.1 wt.% graphene, was 28% and 2.6%,
respectively. Also, by using 0.1 wt.% carbon nanotube, the nanocomposite hardness increased to 88.4
Vickers, indicating a 33% improvement in the ratio of non-reinforced alloy.
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Table 5 Dimensions of Tensile Test Sample According to ASTM ES8.
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Fig. 3 A: CNT-0.01, B: Samples prepared for XRD, OES and Hardness
Test C: Scheme of standard sample for Tensile Test D: Sample
prepared for Tensile Test.
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Fig. 4 XRD Patterns a: GRF-0.1 b: CNT-0.1
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Fig. 5 Microstructure of CNT-0.1 nanocomposite prepared by
optical microscope at 100X magnification.
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Table 6 Chemical Composition of produced Nanocomposites.
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0.0482 9.417 2625 GRF-0.05
0.0977 8.425 3.000 GRF-0.1
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Fig 8 Engineering Strength Variations Curve Vs Engineering Strain for
Fabricated nanocomposites A: CNT B: GRF
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Fig.6 Microstructure of GRF-0.1 nanocomposite prepared by
optical microscope at 100 magnifications.
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Fig. 7 Engineering Strength Change Curve Vs Engineering Strain for
CNT-0.01 Sample.
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Table 8 Results of Strain Tensile Test
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Fig. 9 Trends of Changes in Tensile Test Components a: Strength b:
Strain. 1: CNT-0.01 2: CNT-0.05 3: CNT-0.1 4: GRF-0.01 5: GRF-0.05
6: GRF-0.1
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Table 7 Results of strength Tensile Test
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149.7 165.5 112.2 CNT-0.01

171.2 189.4 1424 CNT-0.05

179.0 198.2 151.3 CNT-0.1

149.3 164.5 110.2 GRF-0.01

161.8 181.0 135.0 GRF-0.05

171.3 206.8 149.7 GRF-0.1
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Fig.10 Results of Vickers Hardness
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Table 9 Results of Vickers hardness Test.
Hlzo Bl il G (il
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171 69.65 CNT-0.01
1.50 80.20 CNT-0.05
0.66 88.40 CNT-0.1
2.03 68.20 GRF-0.01

1.09 77.18 GRF-0.05
0.86 85.10 GRF-0.1
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Modelling and optimization of parameters affecting the tensile strength and
ductility of aluminum-based composite produced by FSA via RSM

Mahdi Vahdati*

Faculty of Mechanical and Mechatronics Engineering, Shahrood University of Technology, Shahrood, Iran
*P.0.B. 36199-95161, Shahrood, Iran, vahdati@shahroodut.ac.ir

Keywords Abstract

Optimization, One of the new methods to improve the mechanical properties of surface layers is the friction stir processing
Surface composite, (FSP). If the FSP process is carried out with a consumable material, this new process is known as the
Tensile strength, friction stir alloying (FSA). Therefore in this research, the Al7075 surface composites by using reinforcing
Ductility, . particles (Al,O3) were produced based on this process in accordance with the DOE approach. So, the RSM
Friction stir alloying was selected as the experiment design method and variable factors such as: tool rotational speed, tool feed

rate, tool shoulder diameter and size of reinforcing particles were determined as the input variables. The
results of ANOVA and regression analysis of experimental data approved the accuracy of regression
equations and showed that the tool feed rate, tool shoulder diameter and size of reinforcing particles with
linear and second-order effects, affect on the tensile strength and ductility of the composite specimens. Also,
if the tool rotational speed is set at 800 rpm, increasing the tool shoulder diameter from 9 mm to 15 mm
will increase the tensile strength of the composite specimens by 17.97%. In addition, lowering the tool feed
rate from 60 mm/min to 20 mm/min and reducing the size of alumina particles from 50 pm to 20 um, will
increase the ductility of composite specimens by 1.85% and 5.04%, respectively. Finally, by achieving
maximum value of desirability function (0.915), the optimal condition of input variables was determined.
In addition, the optimal condition has been confirmed by implementing the verification test.
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Surface composite

Fig. 5 A sample of Al7075/Al,05 surface composite (test no. 11)
(A1 o)les (5051 AITO75/AI03 ( orbans o5l 51 slaiges 5 S

&l b o (5 S0 5lil -5
slaaiges Job sbajl woys 5 2l (25 ploiul g pSoslal ln
Sle @l 228 ol gd oo odliul (225 sal 5l (SjgeelS
@ ol ghis o5 Gl 5l Gy Ogesl aigel & (LAAS A Aty Sl col
W2 )d pizmed WS (o0 Jooti 09h (SAISL e ey JB )50
S el tiyni Sy S5 o 5 5 gl 51 s fome oo oL

aes lis oe eSS 5l LS wilgs o
stwly ;o "ASTM EB s skl gillae (iiS sladiges «jghate cpoy
oolal gzl il el g 5l ool b FSA anl 3 sl ol jne p Sgec
2 Ssriey £ by iS ol jleolitul L lap] 51 Sy 58 s 0
&5 5 it oK s 5 15 1S aesl o 51 sles ;o mM/mIn
5 5ol 6 UK el el 1525 Sl 5Tl Jan oLy

o3 oo Glid 1) mlS ee)l 5l ey 0l alS slodigas

Fig. 6 A number of broken samples in the tensile test
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Fig. 9 The effect of N, S, and D variables on the ultimate tensile
strength

sl 5228 plsil 3D 5 SN (gla e 369 Y

1213

siels cel 21 mm o« 15 mm il il s guliEl s see
Uil38l cmge il ails a8 o158l candg ()l 10 060 co £2lS plSoxiul
g il wl) a4y jomie a5 098 o ooliel adlaie slos 5 SEasl &)l >

b aalss Sliges, sl

PO R P X S U I 8 B PR CPSURPIPNES N |
559 USh 0 8 S opdle Lt janelS (gladiges sl ot ol

NOormai Fropapiity ()

el o ools oyl

99
95 —E
903 -
80 - lf
70— o
50 - .r
|
30 p F
20 w
'
103 - u
53 - Color points by value of
] UTs:
1- | 515
270
I I I I I I
-3.00 -2.00 -1.00 0.00 1.00 200

Internally Studentized Residuals

(a) Ultimate tensile strength {UTS}
HUTS} ol oS plSocial @)

99 |
| |
T 95 -
- E ]
90 3
g 80 = & ﬁ‘
§ - E
'3 50 - ﬁ
2 &
T ¥ ¥
g 20- '
-
S 103 " e
2 53 s Color points by value of
i Elongation)”-0.16:
1] o 0.729167
0.706127
T I T T T T T
300 200 100 0.00 1.00 200 3.00

Internally Studentized Residuals

(b) Percentage of elongation { (% EI) %16 }
{(EDN 1} Job sbssl ways )

Fig. 7 Normal probability plot
Jley Jloas loges T S



S prdy Slassl 5 SIS plimiwl 1 Sge Lo il ilwaisg 9 Silsdse

SR SMe
8
D
79 L
Actual Factors:
A:N=2800rpm
78 B: § =60 mm/min A
—_ D: P =50 micron
N
- 11
—
T}
6
75
74
\ | | | \
-1.000 0500 0.000 0.500 1000
Coded Design Level

Fig. 10 The effect of N, S, and P variables on the percentage of
elongation

Jsb sbsjlasys pP oSN la i 156 10 S

an T8 (599)5 slayuite jl atgy S 5 6 Jou
Table 6 Optimal combination of process input variables

A )lade axlg JUESOAT: R
629.66 rpm il Sly9e e pun
99.99 mm/min il Gopian 5
15.73 mm il ails L 59959
2 WM eaiiS iy ol ojlail
519.13 MPa e it o A
8 % Jsb ol &b

S Tamo el 5 (siltins 5| Jol> @l alin T oo
Table 7 Comparison of the results obtained from optimization and
verification test

R VLES IRV R & jlwdige =9 el
1.66 % 510.5 519.13 (MPa) _ius Al
7.69 % 7.2 7.8 %) Job ool

&5 A -8
S Pl fge sla el (gloaig 5 ylel el callio ol o
ailg ,0 eads adyg AI7075/A103  sthaw o jemalS (5 i llassl
ol s gl gl gishae 3l ool b alazél _Shaol (o5l
WM 5 Syge @ g ool 5l Jol> miee @l dem ploxil 4 cangllas
g oo
EAS sl e yal )y il IUT 51 ol s bl 2 @
@ (lpl bt Jld 553om0) D? pgs asye Sle g (Glil 978
9l Ghdiged ol (o8iS pSotlul g Sl le e
5 Gl St 290 S sl sy 2oy cimizran a8 yme

0bdsl woyo (sln g S Joo il )ly Julod @l 4 4z b caslsl o
0315l 5 13 (55 £ ol (S0 ety s peiie 2 3l (S Jguz) Sl
B i Dpse SimelS Gleaiges s pdySllasil oS gl S
9t F LlS ol ol ools Lzs 10 JSo 40 a5 4355 Lo 0,5 oo
- Gllansl o158l a zeiie s prlans o s Liagl T 1,3 o5l0il 2ol g 130!
w290 ylnl o rten E5 el (Sl (nl 50 058 oo (S jalS diged s 2y
Ol B 4 e a5 09h e b B L IR eles ey e ol
A, 4 ke oblazd] adlaie glas Ll gyl 5l anlys | SISlal
Pl g Olyas 5 bbdligs Bis 045 o0 diges (§ pdyBlasil iol33l 5 aasls
Sy Jad 3 oge S SalS olyen a4 3 e o o] @
@ pdydllanl Gl Y ) (i plyie g Wlsioe 55 " g - e
@5 «Ssri €5 ol L rizpen [45] 05t £ lae (njanel diges
L ggoge ool &5 05bo0 Jolo by 8 50 Ll &3 Sl s peslesy
Sy e st digagll S5 o5ll zals
Bl e ge ailoe mhaw 4 S SYL Jlye0 S 3 Il (6505,
Wlgioo oy ol 939 BV 51 (S 0900 (S j9ealS Wiges (5 iy Sllasi]
Crw 138 rdge sl 4y porie a5 wil colizel adlaie jo Los iul33l
ol Sldes il 3590 50 LE ooy Gl 09d s 00le (Sadp i g

283 g0 ) 2y

‘5,1.1\5‘4:;.0 9 Gilwaia -7

A1 eolil 3,50 (3ludingy by, Olsie 4 Cangllas (B9, iRyl cnl )
Gl e gilwaiing (ool U Bow (Jiagh cpl o 133] 3,5 o0
129 o0 i p) D0 4 Comgllae (plplo Sl Ely

0 y<L
_ T
1 y>U

i (oYl g b d9ax i § 4 U g L slo el b (59b alal) o
39 358en (2 S ebase ()9 sle (ABgR (nl )0 e Y Gl
g S 5 0 Sy o amlys iy pai s 050 50 Cangllae i e
(d=0.915) consllae ol jlade oy 5YL L AT 589,5 slo prie polis |
w2 g 2l (oS plSottal sl ancin ol 4 plojes (litwd Cgz |,
a2 oo lis Job ol

Ngy a5 Zdlys plgiee asllas 2 YL e 4 4z g bl nby
Soge drly oad (el iy 5l Slaal isielocibse jsb 4 giluaige
Lol 03905 Bize cogllae 5 conlis

@ o3e3l O Jsaz 0 gidie bl S5 ()18 ame sl
20 ojlail 4 Al203 &l 5l eolil L 15 MM wilss ,has & (g 15! bawgs
4 Seop polie ;0 )l (S9rty 59 (Shed S pela b g 09,5
03031 3l ol @l T Jgaz s plol 44 (5995 (5l ks aisge polie
AW a4z b oS oo S laainge @S L ol aslio g (5l o
Silotinge 2l S5 5 Como w025 0503 5 iledinte @l Qe S
JOLE S5 ROV O ORE ST R P RE TSI O EINT N L JUIoe B3¢

* Desirability method

1214

0399408 (5 9US 9 pgle &y puis



0399405 (5 9US 9 pgle &y puis

SR Sl

S ppdy Slassl 5 SIS Uil o S50 Sl )bl Silwaisg 9 Silsdse

[4] Weglowski, M. S., “Friction stir processing - State of the art”,
Archives of Civil and Mechanical Engineering, Vol. 18, No. 1, pp.
114-129, 2018.

[5] Zadali Kotiyani, M. and Ranjbar, Kh., “Effect of heat treatment on
microstructure and wear behavior of in-situ formed Al 3003/AI3Zr
+ Al3Ti composite fabricated via friction stir processing”, In Persian,
Journal of Science and Technology of Composites, Vol. 6, No.3, pp.
363-372, 2019.

[6] Thomas, W. M. Nicholas, E. D. Needham, J. C. Murch, M. G.
Templesmith, P. and Dawes, C. J., “Improvements to friction
welding”, International Patent Application No. PCT/GB92/02203
and GB Patent Application No. 9125978.8, 1991.

[7] Sahu, P. K. Singh, S. Chen, G. Yijun, L. Zhang, S. and Shi, Q., “Wear
behavior of the friction stir alloyed AZ31 Mg at different volume
fractions of Al particles reinforcement and its enhanced quality
attributes”, Tribology International, Vol. 146, pp. 106268, 2020.

[8] Shafiei-Zarghani, A. Kashani-Bozorg, S. F. and Gerlich, A. P.,
“Strengthening analyses and mechanical assessment of Ti/Al203
nano-composites produced by friction stir processing”, Materials
Science and Engineering: A, Vol. 631, pp. 75-85, 2015.

[9] Sharma, V. Prakash, U. and Manoj Kumar, B. V., “Surface
composites by friction stir processing: A review”, Journal of
Materials Processing Technology, Vol. 224, pp. 117-134, 2015.

[10] Avettand-Fénoél, M. N. Simar, A. Shabadi, R. Taillard, R. and de
Meester, B., “Characterization of oxide dispersion strengthened
copper based materials developed by friction stir processing”,
Material Design, Vol. 60, pp. 343-357, 2014.

[11] Gopan, V. Sreekumar, P. S. Chandran, J. P. Vijay, W. and Sanjay
Kumar, M., “Experimental investigation on the effect of process
parameters on friction stir processing of aluminium”, Materials
Today: Proceedings, Vol. 5, No. 5, pp. 13674-13681, 2018.

[12] Bharti, S. Dutta, V. Sharma, S. and Kumar, R., “A study on the effect
of Friction Stir Processing on the hardness of Aluminum 6000
series”, Materials Today: Proceedings, Vol. 18, No. 7, pp. 5185-
5188, 2019.

[13] Faraji, G. Dastani, O. and Mousavi, S. A. A. A., “Effect of process
parameters on microstructure and micro-hardness of AZ91/AI203
surface composite produced by FSP”, Journal of Materials
Engineering and Performance, Vol. 20, pp. 1583-1590, 2011.

[14] Khayyamin, D. Mostafapour, A. and Keshmiri, R., “The effect of
process parameters on microstructural characteristics of AZ91/Si02
composite fabricated by FSP”, Materials Science and Engineering:
A, Vol. 559, pp. 217-221, 2013.

[15] Sathiskumar, R. Murugan, N. Dinaharan, I. and Vijay, S. J.,
“Characterization of boron carbide particulate reinforced in situ
copper surface composites synthesized using friction stir
processing”, Materials Characterization, Vol. 84, pp. 16-27, 2013.

[16] Ghasemi-Kahrizsangi, A. Kashani-Bozorg, S. F. and Moshref-
Javadi, M., “Effect of friction stir processing on the tribological
performance of Steel/AI203 nanocomposites”, Surface and
Coatings Technology, Vol. 276, pp. 507-515, 2015.

[17] Shafiei-Zarghani, A. Kashani-Bozorg, S. F. and Gerlich, A. P,
“Strengthening analyses and mechanical assessment of Ti/Al203
nano-composites produced by friction stir processing”, Materials
Science and Engineering: A, Vol. 631, pp. 75-85, 2015.

[18] Rao, V. R. Ramanaiah, N. and Sarcar, M. M. M., “Fabrication and
investigation on properties of TiC reinforced Al7075 metal matrix
composites”, Applied Mechanics and Materials, Vol. 592-594, pp.
349-353, 2014.

[19] Josyula, S. K. and Narala, S. K. R., “A brief review on
manufacturing of Al-TiC MMC”, Advanced Materials Research,
Vol. 980, pp. 62-68, 2014.

[20] Sharma, V. Prakash, U. and Manoj Kumar, B. V., “Surface
composites by friction stir processing: A review”, Journal of
Materials Processing Technology, Vol. 224, pp. 117-134, 2015.

[21] Mishra, R. S. Ma, Z. Y. and Charit, L., “Friction stir processing: a
novel technique for fabrication of surface composite”, Materials
Science and Engineering: A, Vol. 341, No. 1-2, pp. 307-310, 2003.

1215

Olgte a4 (eaisS g &l,d o5l Hgdzme) P2 pgs ad o & jle
gl (gmals sladiges Job sbsjlas s » se ol le
AL et g

S8 &S (Gyge o s plis el mhw (S Jloged oy @
SR oyt E5 Gl g adF ha o sl Il als
o, 5.81 il c>ge 100 mm/min 4 60 mm/min
OBl cnl )5 0gd oo (jeralS diged iiS plSoial
Hlendl dibie 4 (53959 Oyl ol cge 9yt £
Sy S Silate 5 Loails wdy falS 4 e oS 09b o
A anle>

pelas a5 S8l y0 lgs oo ol mhe S gl () n b0
23l 53 o 4 lpl Al Jld gl (Jlhes e ol
Al pouSle 4 Slitws 4 e 15 mm 4 800 rpm
S &5 (S50 )3 cizmed g on (S jalS Wged (LALS
Sy &l a8 2058l g valas 800 1PM Jlade s i3l e
Al oo,y 17.97 oliél el 15 mm 4 9 mm
Sl ls Sla8 5o iy Gl K00 g 5l ed e (AS
ol & mie &5 090 o0 (Alaél ddlaie slos Sl g
ah aelgs anS sl als g beails

60 51,15 (sortm g5 GhalS oS ol plis Guibly Jolod b @
50 ;I LecoglT &l,3 o3lasl zalS™ 3 20 mm/min 4, mm/min
Wges s pdydllanil Ll Cage iy 4 20 UM 4 pum
b e 9doe 9.04 % 5 185 % ol & (ujemls
5o Lagll S5 Sl 6P Iess @i csorten 5 SRS
Lol 13 ojluil (285 L g9dge (nl &5 9800 Jol> aly
S Il (Gge S 1l 00 (Som I 09 o gl
Sbpy g Lo sl (rdge Pl 4 i il gl @
Ri9elS diged g iy Sllanil Bl 4 giie oS 09 e 03le
A deles

solie & (oliws Caz wnl o5y layiie angy polie @
Sdises Job obosl as o 5 oles ootS plSouiul 5l anian
(0.915) consllas ali Y ke 5,5 2l seil o 2 jeeels
5 Blasl (greloniise jsb 4 (giluatgy g, a5 ol lad
sl 00 g0d 3ee cogllas 5 cwlin Do |y 00l yutd i

maso eeil g il I Jols bt Gl Swl Ml e
&ly Gleaig Wy, Cds 5 Cono (a0 8 I 1aS) (5,08
w05 9l 1) 9018 (6995 (slapeitie a5 omesd

x=lp-9

[1] Mironov, S. Sato, Y. S. and Kokawa, H., “Nanocrystalline titanium,
Chapter  4:  Friction-stir  processing”,  Elsevier, ISBN
9780128145999, pp. 55-69, 2019.

[2] Yousefpour, H. and Akbari Mousavi, S. A. A., “Investigations on
microstructure, wear behavior and corrosion resistance of
brass/graphite composite produced by friction stir processing”, In
Persian, Journal of Science and Technology of Composites, Vol. 3,
No. 3, pp. 253-260, 2016.

[3] Mishra, R. S. and Ma, Z. Y., “Friction stir welding and processing”,
Materials Science and Engineering: R: Reports, VVol. 50, No. 1-2, pp.
1-78, 2005.



S SMe

S prdy Slassl 5 SIS plimiwl 1 Sge Lo il ilwaisg 9 Silsdse

[40] Montgomery, D. C., “Design and analysis of experiments”, 9th
edition, John Wiley & Sons, ISBN 978-1-119-11347-8, 2017.

[41] Arbegast, W. J., “Modeling friction stir joining as a metalworking
process”, Proceedings of Hot Deformation of Aluminum Alloys I11,
pp. 313-327, 2003.

[42] Benavides, S., Li, Y., Murr, L. E., Brown, D. and McClure, J. C.,
“Low-temperature friction-stir welding of 2024 aluminium”, Scripta
Materialia, Vol. 41, No. 8, pp. 809-815, 1999.

[43] Shanmuga Sundaram, N. and Murugan, N., “Tensile behavior of
dissimilar friction stir welded joints of aluminium alloys”, Materials
& Design, Vol. 31, No. 9, pp. 4184-4193, 2010.

[44] Ahmadi, A., Toroghinejad, M. R. and Najafizadeh, A., “Evaluation
of microstructure and mechanical properties of Al/AI203/SiC
hybrid composite fabricated by accumulative roll bonding process”,
Materials & Design, Vol. 53, pp.13-19, 2014.

[45] Rahmatabadi, D. and Hashemi, R., “Experimental evaluation of
forming limit diagram and mechanical properties of nano/ultra-fine
grained aluminum strips fabricated by accumulative roll bonding”,
International Journal of Materials Research, Vol. 108, No. 12,
pp.1036-1044, 2017

[22] Mahmoud, E. R. I. Takahashi, M. Shibayanagi, T. and Ikeuchi, K.,
“Effect of friction stir processing tool probe on fabrication of SiC
particle reinforced composite on aluminium surface”, Science and
Technology of Welding and Joining, Vol. 14, No. 5, pp. 413-425,
2009.

[23] Shafiei-Zarghani, A. Kashani-Bozorg, S. F. and Zarei-Hanzaki, A.,
“Microstructures and mechanical properties of Al/AI203 surface
nano-composite layer produced by friction stir processing”,
Materials Science and Engineering: A, Vol. 500, No. 1-2, pp. 84-91,
2009.

[24] Zahmatkesh, B. and Enayati, M. H., “A novel approach for
development of surface nanocomposite by friction stir processing”,
Materials Science and Engineering: A, Vol. 527, No. 24-25, pp.
6734-6740, 2010.

[25] Maxwell Rejil, C. Dinaharan, I. Vijay, S. J. and Murugan, N.,
“Microstructure and sliding wear behavior of AA6360/(TiC+B4C)
hybrid surface composite layer synthesized by friction stir
processing on aluminum substrate”, Materials Science and
Engineering: A, Vol. 552, pp. 336-344, 2012.

[26] Soleymani, S. Abdollah-zadeh, A. and Alidokht, S. A,
“Microstructural and tribological properties of A15083 based surface
hybrid composite produced by friction stir processing”, Wear, Vol.
278-279, pp. 41-47, 2012.

[27] Ahmadifard, S. Shahin, N. Kazemi, S. Heidarpour, A. and Shirazi,
A., “Fabrication of A5083/SiC surface composite by friction stir
processing and its characterization”, In Persian, Journal of Science
and Technology of Composites, Vol. 2, No. 4, pp. 31-36, 2016.

[28] Khodabakhshi, E. Kazemi, Sh. and Ahmadifard, S., “Investigation
the mechanical and microstructural propreties of copper surface
composite Cu/SiO2 fabricated by friction stir processing”, In Persian,
Journal of Science and Technology of Composites, Vol. 4, No. 4, pp.
426-433, 2018.

[29] Kurt, A. Uygur, I. and Cete, E., “Surface modification of aluminium
by friction stir processing”, Journal of Materials Processing
Technology, Vol. 211, pp. 313-317, 2011.

[30] Azizieh, M. Kokabi, A. H. and Abachi, P., “Effect of rotational
speed and probe profile on microstructure and hardness of
AZ31/A1203 nanocomposites fabricated by friction stir processing”,
Materials and Design, Vol. 32, pp. 2034-2041, 2011.

[31] Nakhaei, M. R., Naderi, G. and Mostafapour, A., “Effect of
processing parameters on morphology and tensile properties of
PP/EPDM/organoclay nanocomposites fabricated by friction stir
processing”, Iranian Polymer Journal, Vol. 25, pp. 179-191, 2016.

[32] Mostafapour, A., Naderi G. and Nakhaei M. R., “Effect of process
parameters on fracture toughness of PP/EPDM/nanoclay
nanocomposite fabricated by novel method of heat assisted friction
stir processing”, Polymer Composites, Vol. 39, No. 7, pp. 2336-
2346, 2018.

[33] Myers, R. H. Montgomery, D. C. and Anderson-Cook, C. M.,
“Response surface methodology: process and product optimization
using designed experiments”, 4th edition, John Wiley & Sons, ISBN
978-1-118 91601-8, 2016.

[34] Vahdati, M. Mahdavinejad, R. and Amini, S., “Statistical Analysis
and Optimization of Factors Affecting the Spring-back Phenomenon
in UVaSPIF Process Using Response Surface Methodology”,
International Journal of Advanced Design and Manufacturing
Technology, Vol. 8, No.1, pp. 13-23, 2015.

[35] Choopani, Y. Khajehzadeh, M. and Razfar, M., “Optimization of
parameters affecting the magnetic abrasive finishing process using
response surface method”, In Persian, Amirkabir Journal of
Mechanical Engineering, Vol. 52, No. 10, pp. 41-50, 2019.

[36] Design Expert software, http://www.statease.com, available in 1,
April 2020.

[37] Online materials information resource, http://www.matweb.com,
available in 1, April 2020.

[38] Heat Treatment of Aluminum Alloys, Aerospace Material
Specification, AMSH6088, 1997.

[39] Pourian Chemical Institute, http://pourian-chemical.com, available
in 22, May 2020.

1216

0399408 (5 9US 9 pgle &y puis



1226-1217 PP 99 liwo) 4 o plass 7. 3)a

. Cuisgals 3

SR 93 el Ay puis

H}”ﬁw $5ls 5 pole

http://jstc.iust.ac.ir

Ll bt

Hb o Sl aiwd b (20 59m05 g e (mguile gbdaiwg 5 ke )b dacwlxo

o gilwdolee (sog; SO 3l eoliiwl b (55950

.

T SR E P - [P RV

Ol o yde a3 ol ( SlSe psdigee o 550 (ggzeiils -1
OIS ¢ oo a5 olBzSls (Sl pwiigee olinl -2
rahimi_gh@modares.ac.ir 14115-111 ey Ggoio o)l pe5 *
IRV Wl Oledb!

b ebs e mmgnile sbharug A5 (uleS aiin <z oz gile ol SaSS SO bl Ldow Jos i )l e
5 St lin ol o 4y G?)l} 9 QJ:'>|.> ‘_,’_Iaj)m g 9o us?‘»'»B"\jL" o5l el oals @l)l (5 90 Jb Cod Suie Al

e Blanngi (il Joles o B e B, S 5l 3550 SIS e gn 5 gy 59 ol o o o LnewisS s

1399/01/20 -2d, s
1399/11/10. - 5 5

e 5 55 30T 51 s0litl b S dd Jolen it 102l 55 198,5 co ool (o2 pwalS Alungy S b Saiis diaets 30,5 Jolee :i’i\:j
@il J5 (e 4 (alitws jslaie & 5 BT mem (g Sl osliial b G 5 g0 s 4 St SB35l ool Jobo SG 69, 2 il iy,
P9y 3l Ngdiee glyFiul Bls SedlS 655 bl n (rgsile ding p oSl SYolas gl e per bading lasie b ool s,
e S0l gy S (rreione Caz oo oslitl (bgpe (uguile slaatag LS L dnle Gl 05 I SIS s,
5 ai3ly pa b o3 Bl o506 By, 90 aS oy Hlis bt aunlie 058 o aisl usSLI 1581 0 5 18 55 (gumdn dgume I3 Sgaze sl b,

ol loye St atwd b amgsile by slaaiug ciileS L8, soiem slp GBI cds gl s Joe

Global buckling load calculation of the of sandwich conical shells with
lattice cores subjected to axial compression loading using a novel smeared

method
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In the present paper, an analytical model was presented according to a novel smeared stiffener approach
in order to predict the global buckling load of composite sandwich conical shells with lattice core
subjected to axial compression loading. The sandwich panel was made up of two skins and a lattice core.
A smeared method was developed to approximate the lattice core with an equivalent composite shell.
First, using the forces and moments analyses of a unit cell, the stiffness contribution due to the lattice
were determined and then superimposed with those of the inner and outer skins in order to obtain the
stiffness parameters of the whole panel. The governing equations were extracted according to the classical
shell theory of Donnell type. Galerkin method was employed to obtain the buckling loads of the
composite sandwich conical shells. A 3-D finite element model was also created using ABAQUS
software in order to validate the analytical results. The comparison of the results indicated a good
agreement between the two implemented methods and revealed that the proposed analytical model is
accurate enough to predict the buckling behavior of sandwich conical shells with lattice core.
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Creep strength of hybrid composites used in power transmission line
conductors
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Department of Mechanical Engineering, Shahid Beheshti University, Tehran, Iran
*P.0.B. 16765-1719, Tehran, Iran, kh_rahmani@sbu.ac.ir

Keywords Abstract

Hybrid composites, In this paper, the creep strength of hybrid composites used in the new generation of power transmission
Creep, line conductors is predicted. The hybrid composite rods consist of carbon fiber/epoxy composite core
DMA, surrounded by a glass fiber/epoxy composite shell. The hybrid rods were fabricated by using the

Temperature pultrusion process. Dynamic mechanical analysis was carried out at various frequencies on specimens cut

from the carbon/epoxy fiber composite core. In addition, the hybrid composite rods were subjected to
three-point bending experiments at constant loading rate and different temperatures. The master curve of
the storage modulus corresponding to carbon/epoxy composite core was derived at the desired reference
temperature based on the time-temperature superposition principle. Consequently, the master curve of the
constant strain rate flexural strength was constructed using the time-temperature shift factors and the
monotonic flexural strengths of hybrid composites at different temperatures. Based on these data, the
creep strength master curve was developed at the operating temperature. The prediction of creep life
based on the constructed master curve shows a proper response of these conductors at service condition.
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Comparison of numerical and analytical cohesive zone length models in
the delamination of composite laminates
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In recent decades, the use of composite materials in engineering structures has increased dramatically..
Therefore, it is necessary to understand the structure and mechanisms of damage to these materials.
Among the most common damages in composite materials, delamination is one of the catastrophic failure
modes. Cohesive zone model is one of the appropriate tools for analyzing the phenomenon of
delamination in the laminated composites. The cohesive zone model analyzes the delamination by
tracking the damage from its onset to its evolution. In the cohesive zone model, the area behind the crack
tip, where the cohesive forces are active, is of great importance. This zone is directly affected by loading
mode, fracture energy and cohesive strength, active elastic modulus, and structural geometry. Many
models have been proposed to estimate the length of the cohesive zone. In this study, the length of the
cohesive zone in first and second pure mode was obtained by using finite element analysis in Abaqus
software. The results of the simulation were compared with the analytical models for estimating the
length of the cohesive zone. It was observed a more accurate estimate of the cohesive zone length in
models that consider the material type and effect of structural geometry.
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Table 2 Mechanical properties of carbon/epoxy composite [7]
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Vibration Suppression of Composite Plate Reinforced by Carbon Nanotubes
on Elastic Foundation Using Active Control Method
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The issue of reducing the oscillations of the solar panels of satellites, which have the highest level of
contact with solar radiation and aerodynamic forces, is important. Using of composite structures
reinforced with carbon nanotubes increases the strength of these plates. The solar panels are vibrated by
aerodynamic forces and solar radiations, and vibrations can be reduced with the help of piezoelectric
patches and a controller design independent of the satellite control system. piezoelectric patches are active
controllable elements that are used in both sensors and operators, and the use of an accurate and efficient
model of their physical, electrical, and elastoelectric properties is required. In this study, first the dynamic
model of the plate with a new structure in the state space is obtained and the equations are linearized.
Then an active linear quadratic regulator controller is designed. The simulation results show vibration
suppression of the plate and robust performance of the proposed controller in presence of the model
uncertainties and environmental disturbances.
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Table 1 Structural and geometric properties of a composite plate reinforced by carbon nanotube and piezoelectric patches
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Fig 5 The comparison of Aluminum plate displacement with ref [12] in
frequency domain in case2
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Table 2 The comparison of Aluminum plate displacement with ref [12]
in casel
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Table 3 The comparison of Aluminum plate displacement with ref [12]
in case2
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107° 10710 0.76 .
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Fig 4 the comparison of Aluminum plate displacement with ref [12] in
frequency domain in casel
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Plate with NanoComposite Core and Elastic Foundation(case2)
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Fig 7 Displacement of the composite plate reinforced by carbon
nanotube caused by piezoelectric voltage (case2)
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Fig 8 Plate frequency response using LQR controller
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Plate with NanoComposite Core and Elastic Foundation(case1)
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Fig 6 Displacement of a composite plate reinforced by carbon nanotube
caused by disturbance force (casel)
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Table 4 the comparison of displacement in the aluminum plate and
composite plate in casel
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2.1 31300 7.67 5000 6.14 4700 allis
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&

1.87 1.35

105 106 1.77 [12]
10 19100 * 2500 %107 2200
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Table 5 Comparison of plate displacement with increase length to
width ratio
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Sandwich Plate with NanoCompeosite Core and Elastic Foundation
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Fig 9 Actuator voltage frequency response
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Figl7 Effects of SWCNT distribution types on the vibration of
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Finite Element Analysis of the Adhesive behavior of Shape Memory Alloy

Fiber and Polymer Concrete

Amir Ebrahim Akbari Baghal!, Ahmad Maleki!*, Ramin Vafaeipour Sorkhabi 2

1- Department of Civil Engineering, Maragheh Branch, Islamic Azad University, Maragheh, Iran.
2- Department of Civil Engineering, Tabriz Branch, Islamic Azad University, Tabriz, Iran.
* P.0.B. 55197-00634, Maragheh, A.Maleki@iau-maragheh.ac.ir

Keywords Abstract

Shape memory alloy fibers, In the present study, the pullout behavior of shape memory alloy fibers and concrete was studied. To
Pullout behavior, perform the simulations, a three-dimensional finite element method was used and the supralastic behavior
Concrete, of shape memory fibers was defined using UMAT subroutine in ABAQUS software. In order to consider
Finite element method, more realistic assumptions, the interaction between fibers and concrete has been simulated using the
Adhesive force. concept of transitional area of the contact surface. The contact surface parameters were obtained using the

inverse finite element method and experimental test data performed on a fiber sample. After validating
the results using experimental testing, the effect of diameter parameters and embedded length on the
adhesive behavior of this type of fiber with concrete has been studied. Finally, in order to evaluate the
performance of shape memory fiber fibers, the pullout behavior of this type of fiber has been compared
with the corresponding steel fibers. The results show that for fibers with a diameter of 0.5 mm, with
increasing the embedded length from 10 mm to 30 mm, the pullout strength for SMA and steel fibers
increases by about 17% and 12%, respectively. Based on this, it was observed that the use of shape
memory fibers significantly improves the effective pullout parameters of fiber from concrete, which can
be attributed to the strong surface adhesion forces between shape memory fibers and concrete.
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Fig. 1. Experimental test setup for pullout of SMA and steel fiber
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Fig. 2. Experimental load-displacement curve of the SMA and steel
fiber
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Fig. 6. Finite element and experimental load-slip curve (a) SMA fiber
(SMA-¢1-L10 sample) and (b) steel fiber (Steel-¢p1-L10 sample)
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Fig. 7. Pullout stress distribution in fiber (a) SMA fiber (SMA-$1-L10
sample) and (b) steel fiber (Steel-¢1-L10 sample)
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Table 4. Effect of embedded length, fiber diameter and material type of
the fiber on the pullout force and displacement
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Finite element simulation of Hopkinson compression test to investigate
the dynamic behavior of composite materials

Maryam Mohamadzadeh, Behnam Davoodi*

School of Mechanical Engineering, Iran University of Science and Technology, Tehran, Iran
*P. 0. Box 16765-163, Tehran, Iran, bdavoodi@iust.ac.ir

Keywords Abstract

Compression Hopkinson test, Due to their high strength and low weight, composites are used in various structures, including turbines,
Dynamic behavior of composite, missiles, cars, and more, and maybe subjected to dynamic loading. Therefore, to properly design the
high strain rate, structure, it is crucial to know the mechanical behavior of composite materials in dynamic loads. The
pulse shaper, . Hopkinson compression tester is a useful tool for studying the dynamic behavior of materials at high
S-2 glass/sc15 epoxy composite strain rates. In this paper, the Hopkinson compression system’s design principles for composite samples

are mentioned, and to determine the dynamic behavior of such materials, this system by ABAQUS
software. The behavior of the S-2 glass/sc15 epoxy composite sample in the thickness direction is
simulated by a compression Hopkinson system. To create an appropriate incident waveform and to
establish the condition of constant strain rate and dynamic stress equilibrium, effective parameters of
pulse shaper included diameter, thickness, and the length of the sticker bar was investigated. By
comparing the waves obtained from the simulations with the experimental results of this composite
sample, the compression Hopkinson simulation has been validated. Finally, using a copper pulse shaper
with appropriate dimensions, the appropriate incident wave for the S-2 glass / sc15 epoxy sample is
created at two strain rates of 550 and 2250. The conditions of constant strain rate and dynamic
equilibrium are established in two strain rates
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Table 3 mechanical properties of S-2 glass/sc15 epoxy composite [16]
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Investigation of the Effect of 3D printing parameters on shape-shifting of
flat sturctures to Three-Dimensional Shapes
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3D printing technology is one of the new manufacturing methods that can be used to build folding
structures. Folding structures are made flat and deformed into three-dimensional shapes by an actuator.
FDM process is one of the most common and cheap 3D printing processes that in this study, the most
effective parameters of this process were investigated. For this purpose, the optimal values of printing
parameters including printing pattern, thickness of each layer, filling percentage and nozzle temperature
to achieve maximum deformation (curvature) were determined by Taguchi experiment design. Then, by
adjusting these parameters, the effect of printing speed and total thickness on curvature was investigated.
The results showed that with increasing printing speed, the curvature increases and with increasing the
total thickness, the curvature decreases. Also, assuming that the curvature is only due to thermal changes,
the relationships were extracted using the classical layer theory and compared with the experimental
results. This comparison showed that thermal changes alone are not the only cause of curvature and other
factors such as residual stresses and shape memory seem to be involved
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Fig. 6 thermally actuated specimens
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Fig. 11 schematic of momentums and curvatures in x and y
directions
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Fig. 10 specimen curvature measurement: 1-Designing a
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