A

(isssa5loiolS lol (ol oSS — JUSLuj - sy — WS = 3L
Ul gy cuigleo

oqloloq1g0q g oIl — PIIEAISE — WIIFAIVE ¢l
EPEQS PR 92 Gy 5S

daryainfo@gmail.com : S g 58Ul sy

]

BRI g

High Speed Crafts Engineering
5)9&209&5”:91&4.\121“ wale aalibaigs
8l tleyd G (g aaitllafga

29108 9 SlBuliad pgle oylig 5 sale 4y sl
\WAY /oF / oF & 190 /¥ /A / FYATY ojlads j9as b
YEYF-¥PRA <Ll oylacs

Hhvlcalo

oy Lol ()l S g (6 bl oSl

olpws (23 (59565 (E)a0S Yl ()5l (1938 9 pole asizihy
"Jggme ok

S5t sl

a0 g

(&) ey plol ol oletils slzaol § 6 )Yl dg00t0 48

2 pd powt y9lilo

88 el 55

18 Ll g

odlj 2l ,ds]

T 0 00 Chad

UG PERISAC S5 N LRI JRVESEVL

05 gl tnio oSl ozl § oS L oo 138

(o3)csia plol Mol oy elStils Joalead €l L yule (38

(&) ey plol (6l Capy 5 g (6l ol ool £0s2nlS” )5 gy iSs
(&) ey plol (5 ausly i 5 5 ol letils sl § ladan  Jmuslie 385
oS gl iziao ol sl fd)L\glﬁS DI?M )'.'Sb

(&) plol ol olStils il {tio 85 yolie 185

(&) ey plol (5lasly s 5 5 (6 pul oSl Yooz § 3l yoli pamo 338
ool oSl alecitim guie g skl § ke b3 e 1S

P S BURVS

b st

:u'.’.‘ )‘W 9 ‘_,Al ).b

Sgge Bldooodns



-

:w).eg

OO /e ey (L) Hily @i
W (59340 S « LT 3un g (L Bub AL puws Jozxs 5k Ylwal

| 2 /Jﬂ)@)ﬁ.mldLoclleuﬂ)mg)w)gmmglﬁasé)ﬂnc‘séé_cM
D')I)-LJ-AIA .)L‘?lu.u ‘k_’f.uu)lfdln.cw

|3 N 1 21 & Giao) (s ) 9390 A gi S (5) N SUA Ailolw A Lbojb
Usw ol iolpbze pie

) oo eeeeeeeeeeeeeeeeeeeeeeeeeeeeee e L jorelS 956 3 (5)9)0
092 Blo peb « soels Sumw (558 wlie Skl

O N e /u.f._lgi}__\lolf..\._g.)ﬂ&)gu.ib aJlid chal )y
i) wlic Loy ssazo

F0 i, . el )lud 9 GEO slaoylgdle jl Hlojud o dlaiwl b (52b)d SHXio HID beusdgo
SIS phe c c03l590) Loy Sgaxo

A2 T [ Sybgw sl ailolus Gl 33b e il Swol Gads olKiw xdlw 9 A bl

SpaSHeol 559][: Loy deze ELIUGS (yums Sazxo
Simulation of Twist Extrusion Process Parameters of AA6061-T6 Aluminum Alloy by Artificial

NQUIAL INOEWOTK /oot eee oot e e et e e es e 85

Mohammad Khosravi, Iman Taheridoustabad

Q8  Allie iy oSl




1Eel Glimli g jlogu /%0 ojlois /Pl Jlaw

\ - Y. e Y oo o eu \
IS T RV Rt RRVE TR JUWRY - JUNUWE RVL TS| TR e g

oleiol Gzl Sl taio oKl Sl awdigo 05,5 okl )
Oledel (il e faio ol8ils 655 Jod - Sl wdige (6550 (sgmitils -V
OIS eslad > g 28 olfidls wdgi 5 el (Sl g a | lis 8-
Oyl S i olKtils Ladlys pigee 03| ulis 5 -F
oduS>

Slml piiage S by, olul p 1) Cenli 59 a5 Wilioo 2byd (Bl Slaptanss Elgl 5l Carqany () ptns
38bes 5 650l Jebo & Sy Gl e Sl onis Sl 5 adis bl sl gl 4z 50 oy S o
ool L, wlead jasie oS Olyie ‘QT Sz 9 o9 ale e o 4y Lol icanlasd 318 oolaiul 550l Q—l Sl
0559, <51 Jold Carny Gl s (lol (slizl a8l oo (5570 Lz Glageey alie (oobj Sgum b uilA pitecs
Ceow 5l g o a4y diy ) Coos 5l 55 jeilinl 5 cddicial Cla (g5, » el gladag slawi b g, auil oo (b g o ¢ gl
Pl (izmen 5 ESIs J3Is )3 pgilinl 5 5955, (656513 Gl Sl blarcwy Calbaa ST (A3 (b 4 S8
5 29 (S E9 SN leeal 2Usd 5 Sime Sy (AS o (O Whbadganaib ates Jlox 4 S
blie s azrgi b ogd o Cgmme lao o 358 (Rl piay Slopians | (o534 5 010 (A 2 my £5 4 Cad (5558 landl
9 eS| sblie 4 az g b oy (b add blog plo g boolyon; 5o slas a5z gld l ooliiul Loy
Olriy i glp (ormslie WalS (slatun sloygiST) 5o Glg (2ol 5 (555 b Comgans sduy glacudgame (uizean
035 o0 Ol Sblie 5 (oo Olrtes £58 nl & Sl al g (s g5 (ol 53 00 S @ s S e b 2l
1goals sy

23bd giliwl ¢)53g, 2l pien lpinn cCrcaey

Jet pump propulsion system
Ehsan Yaril, Mohammad Hossein QaedSharafz, Vahid Aeeni3, Hadi Mahdavi Talarmi*
1- Ehsan Yari, Assistant Professor, Department of Mechanical Engineering, Malek-e- Ashtar University of Technology, Isfahan

2- Mohammad Hussein Qaedsharaf, Ph.D. Student of Mechanical Engineering - Energy Conversion, Malek-e- Ashtar University of
Technology, Isfahan

3- Vahid Aeeni, Senior Expert in Mechanical Engineering, Construction and Production, Technical and Vocational University, Tehran

4- Hadi Mahdavi Talaromi, Senior Expert in Aerospace Engineering, Malek-e- Ashtar University of Technology, Tehran

The pumpjet thrust system is one of the types of marine propulsion systems that creates the thrust
force based on the momentum difference method. The pumpjet is primarily designed for underwater
vehicles. The pumpjet propulsion system has been widely used due to its stealth and excellent
performance, but due to its secrecy and complexity, few details have been published.

The behavior of this propulsion system is similar to axial flow pumps. The main components of jet
pump thrust system include duct, rotor, stator, hub and boss. The rotor is installed on the hub with a
specific number of blades and the stator is attached to the hub from the root side and to the inner
surface of the duct from the tip side. pumpjet are classified into four categories based on the
placement of the rotor and stator inside the duct as well as the rotation mechanism: pre-stator, post-
stator, rim-driven and contra rotating. The pre-stator type has less noise and efficiency than the post-
stator type and is considered as a type of ultra-silent propulsion system. Considering the numerous
advantages of using nuclear propulsion in submarines and other marine vehicles, the pumpjet seems
to be a suitable candidate for marine propulsion systems with nuclear propulsion, considering the
acoustic advantages as well as the limitations of the phenomenon of xenon poisoning and power
reduction in nuclear reactors. arrives. In this research, an attempt is made to introduce this type of
engine and examine its advantages.

Keywords
pumpjet, propulsion systems, rotor, stator, float
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Numerical analysis on resistance and seakeeping performance

wave-piercing high speed vessels whit spray rails
Mahshid Amalehkarsangi', Sajad Hajizadeh®

Marine Engineering, Engineering Department, Persian Gulf University

Abstract:

In recent decades, speedboats have become extremely important and various hull shapes have been
proposed, designed and built to achieve high speeds. High-speed vessels are divided into four groups:
single-hull, hydrophilic, surface-effect and multi-hull vessels. Here, the main focus is on the wave
piercing vessel with spray rail. Speedboats face various challenges to reach the high speeds intended
by the designer. V-shaped transverse vessels do not generate hydrodynamic lifting force well. One
way to create a hydrodynamic lifting force in fast vessels is to add a spray rail in the longitudinal
direction of the hull. When water flows to the side of the float, the water flow is directed downwards
using a spray rail, causing a hydrodynamic lifting force. In this dissertation, with the laboratory
analysis of the wave piercing vessel, which includes trim, resistance and displacement of the height
of the center of gravity (VCG) of vessel, once in calm water conditions with spray rail at a location of
24%T and once without installing spray rail, it has been compared by numerical analysis under
exactly the same conditions, which has an acceptable error rate. This optimization, which is done by
applying spray rail, significantly reduces trim and resistance at high speeds, as well as increasing
center of gravity height changes. This dissertation can be a reliable reference for improving the
performance of planning body vessels in the future.

Keywords:

Numerical analysis, wave-piercing high speed , spray rails
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Redesign of the cooling system in the development of land-to-sea
gasoline engines

Mehrabian, Meysaml, Souzani, Adib*"
Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran
Biosystem Mechanical Engineering, Tehran University, Tehran, Iran, adib.souzani@ut.ac.ir

Abstract:

the development of the marine engine is incomplete without the simultaneous development of the
cooling system. In this project, the components of the upgraded marine engine are cooled by two
open and closed circuits. According to the design, the cooling system in the open circuit includes an
oil cooler, an intermediate air cooler and a fresh water exchanger. The main goal of this project is the
design of heat exchangers required in the open cooling circuit. Using HTRI software, 4 types of
designs were presented for each of the air, oil and fresh water converters. All three heat exchangers
required in the open circuit cooling system of the engine are considered to be shell and tube type, and
due to the prevention of equipment corrosion and sedimentation of sea water (cold fluid), this fluid
flows inside the tube in all three exchangers and the fluid Hot (air, oil and fresh water) flow on the
shell side. In the intercooler exchanger, designs number 2 and 3 were chosen due to their lower
weight and higher heat transfer coefficient (according to the number of their pipe passes). In the oil
cooling converter, designs number 2 and 4 have better advantages and meet expectations. Also,
designs No. 2 and 4 were recognized as the best in fresh water cooling converter.

Keywords:
naturally aspirated engine, turbocharger, braking power, braking torque, GT-POWER
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An overview of nanocomposites

Ashkan Abbasi Nikoo ', Saeed Jamei’, Ramin Salehpour3
1- MSc, Naval architecture Engineering-Ship Structure, Persian Gulf University
2-Assistant Professor, Department of Marine Engineering, Persian Gulf University
3- MSec, Naval architecture Engineering-Ship Structure, Persian Gulf University

Abstract:

The passage of time and the progress of science and the need for materials with special efficiency in
the industry have led to the creation of materials with specified properties in which the defects and
weaknesses of one material are improved by another material. In fact, these composite materials,
which are known as composites, consist of one component called the matrix or another component
called the reinforcement. Now, if the dimensions of one of the constituent components of the
composite are on the nanoscale, these materials are called nanocomposite. In this article, firstly, the
definition of composites and nanocomposites is discussed and how they appear, and then the
classification of composites is discussed in terms of whether they are natural or artificial; Then
nanocomposites will be divided based on their base or context. In the next section, explanations are
provided about polymer nanocomposite materials and its special type, i.e. carbon nanotubes, and the
types of carbon nanotubes and their strengths and weaknesses are discussed, and at the end, the
challenges ahead in the manufacture of polymer nanocomposite materials will be mentioned.

Keywords:

Composite, nanocomposite, polymer nanocomposite, carbon nanotube
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Investigating the components of the wake of ships from an optical

point of view

Mahmud reza Abbasi Karizbala
Imam Hossein University, Science College, Basic Science Department, phys.ocean.abbasi@gmail.com

Abstract

The wake produced by moving ships, which can be seen with the human eye, may extend for tens of
kilometers in the open ocean and be detectable from a distance. This wake has different components
and parts that are completely subject to the movement and geometric conditions of the ships and
many studies have been done on their recognition. The main importance of these studies may be for
the automatic and remote identification of these ships based on the patterns of wakes produced by
them by various sensors such as visible photography, infrared measurement and microwave radars
installed on satellites, radars and drones. In this article, the components of this phenomenon have
been studied from the point of view of a drone, or in other words, from the optical point of view, and
it has been shown that although this wake is complex and has 5 general components, three of its
components are clearly visible from the optical point of view: Kelvin wake, turbulent wake, and
internal waves generated by the ship.

Key words:
wake, Kelvin, optical, turbulent, internal waves.
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Localization of a Moving Marine Target by Using Simultaneously
GEO Satellites and Kalman Filter

Mahmoud Reza Razavi Zade", Meysam Raees Danaee’

1. Imam Hossein University, Tehran, Iran
2. Faculty of Electrical, Electronic Warfare and cyber, Imam Hossein University, Tehran, Iran

Abstract:

Localization has many applications and there are different methods to do it. This research has focused on the
Geolocationing of the moving marine target with emphasis on the simultaneous use of GEO satellites and the
Kalman filter. For Geolocationing using GEO satellites, the technique of simultaneous use of TDOA and
FDOA was used. Due to the presence of motion and non-zero velocity for the target, the relationships used in
the localization equations by GEO satellite lose their effectiveness and the number of unknowns becomes more
than the number of equations. For this purpose, we use the Kalman filter to reduce these unknowns by using the
predicted speed given by the Kalman filter and to be able to do the localization by the GEO satellite equations.
Additionally, the Kalman filter uses the position obtained by the GEO equations and makes them smoother.
According to the findings of this research, the Kalman filter was able to accurately estimate the location and
speed of the moving sea target.

Keywords:
Geo Satellites, Linear Kalman Filter, TDOA, FDOA, Geolocation, Moving Target.

* Corresponding author: bijdono@gmail.com
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Design and Manufacture of Broadband Impedance Matching

Device for Sonar Systems

Mohammad hosein Ghezel ayagh', Mohammadreza Palooj’, Amir Kabiri’
123 mam Hossein University, Tehran, Iran

Abstract

Ultrasonic systems use quartz and ceramic transducers to generate sound power. The main limitation
in the production of this power is the insufficiency of the input electrical power due to the low power
factor and high impedance of the converter. An impedance matching circuit between the power
source and the converter improves power transfer. In this work, a systematic method has been used to
design broadband electrical impedance matching networks using a method close to the theory of the
real frequency direct calculation (RFDT) technique and CAD for piezoelectric ultrasound
transducers. The design and construction process includes five general steps: 1) Determining the
equivalent circuit of the piezoelectric transducer based on the amount of admittance measured in the
frequency range by an impedance analyzer under real working conditions with a 100-meter cable and




a suitable depth in a swimming pool without proper reflection 2) Designing a set from the impedance
matching networks using the computerized Smith chart with ADS and SMITCHART.V .4 software 3)
extracting and implementing the simulation model of the converter with matching to evaluate the
gain and return power and the bandwidth of the designed impedance matching networks and to check
the effectiveness of the approach presented through the design, implementation, and characterization
of impedance matching networks for the proposed broadband audio propagation converter. 4) Design
peripheral circuits for intelligent operation, including frequency meter, maximum voltage
measurement by ADC, control system using STM32 and other peripheral circuits. 5) Construction of
desired intelligent EIMN and finally final test. In this work, in the best matching mode, in the
simulation mode in ADS, 85 dB improvement was achieved in S;; and 26 dB improvement in S;.
With the actual element sizes of the filters, 58 dB improvement was obtained in S;; and 26 dB
improvement in S,;. The selection speed of the desired matching circuit is also very high.

Keywords:

underwater piezoelectric transducer; broadband matching circuit; real frequency technique; EIMN;
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Abstract.

Modern fabrication is to a large extent based on deformation processing. Plastic deformation process is a
technique capable of producing metal products with high strength and good ductility. Using the parameters of
load, temperature and the number of passes in twist extrusion, it is possible to produce an alloy with good
properties and characteristics. Plastic deformation of AA6061-T6 aluminum alloy by twist extrusion is an
important issue. In this study, we investigated the effect of load, temperature and the number of passes of twist
extrusion on AA6061-T6. Using the input and output data, the process was modeled by the neural network
method. In order to train the neural network, Neuro Solution software was used and for reducing the mean
square error, the gradient descent momentum algorithm was implemented. Results showed that the effect of the
number of passes and the load on tensile strength and hardness were maximum and minimum respectively.
Keywords: Twist extrusion, artificial neural network, the number of passes

1. Introduction

Today, the application of severe plastic deformation (SPD) methods has increased widely. These
methods are based upon strain accumulation and microstructure formation in nanoscale [1]. Plastic
deformation of metals can improve their strength and ductility. Some of the SPD methods investigated
broadly include equal channel angular extrusion, cyclic extrusion compression, accumulative roll
bonding, multi axial forging and twist extrusion (TE) [1-2]. Extrusion is one of the metal forming
processes that has attracted many interests in recent years. This method can be used for manufacturing
aircraft engine components, aircraft parts and vehicles [3-4].
In dry powder extrusion, reinforced grains or plastics are heated and passed through a matrix which is
the extrusion mold. TE is one of the common plastic deformation methods [5-6]. This is a new
technique used as a hydrostatic pressure to make high amount of tension on metals in order to produce
refined particles without any significant change in the overall dimensions of the sample [7].
Aluminum alloys are advantageous with regards to light weight and high performance. Among them,
AAG6061-T6 has proper ductility, good machinability and weldability, low corrosion rate and light
weight [8-9].
Optimization of parameters in plastic deformation processes is important. In TE, the effect of
parameters like temperature and the number of passes is the main issue for plastic deformation [10].
Ultrafine grain metals have high strength and good flexibility [11]. These properties are very
important for developing advance structures. The most effective way to obtain fine grain materials is
the simple shear stress [1]. In TE the shape of the mold is similar to that of the equal channel angular
extrusion, but in the former there are two shear planes, one perpendicular to and the other parallel with
the extrusion axis [12]. TE is capable of extruding hollow parts. Also, it can lead to more
homogeneous strains by 900 rotation of the part in each pass, which is a very important issue in
magnetic and electronic materials [4].
Igbal and Kumar [13] performed experiments on the analysis of mechanical properties and
microstructure of AA7075-T6 deformation by TE. They studied TE and deformation of AA7075-T6.
Four different temperatures and three passes were used in the experiments. Mechanical properties and
microstructure at different temperatures and different number of passes were investigated. Results
showed that the TE can change the particles of the structure. With increasing the number of passes,
hardness increased and homogeneous structure improved, while tensile strength decreased at high
temperatures. It was found that the TE passes reduce particles size and improve mechanical properties.
It was reported that the desired temperature range for achieving better mechanical properties of this
alloy is 250-350°C. It was also expressed that the microstructure analysis shows that the displacement
of particles in three pass TE is less than the one pass, therefore the particles boundary and the particles




refinement for this alloy are suitable at the optimum temperature and the more number of passes.
Velmanirajan et al. [14] performed the numerical modeling of aluminum sheets ductility and
investigated the surface reactions. In their study, tensile properties, tensile limitations in ductility, and
flexibility parameters of commercial aluminum alloy sheets were investigated. Sheets with three
different thicknesses were selected and tensile test, forming test and flexibility study were performed.
The result of modeling showed that the experimental relations for discovering the ductility capability
are fully consistent with the experimental results. Therefore, the aforementioned factors for achieving
the effective ductility capability are desirable. Kumar and Igbal [15] investigated the effect of
temperature and the number of passes on deformation of AA6082-T6 homogeneous microstructure by
TE. Results of their study showed that the change of AA6082-T6 particles after one pass leads to a
heterogeneous microstructure. With increasing the number of extrusion passes, the microstructure
heterogeneity disappears and the stress induced in the samples is not the same for all passes. With
increasing the temperature and the number of passes, both the stress and the heterogeneity in
distribution of tension decrease. Tensile strength and hardness of the sample also increase up to 10%
with increasing the temperature and the number of passes. Before extrusion, the microstructure of the
sample showed particles with an average size of 42 mp, while with increasing the number of passes
and the temperature, the size reduced 20 mpu. As a result, with increasing the number of passes, the
particles are refined and the strength and hardness increase, so the temperature and the number of
passes are considered as input parameters. Results of this study showed that the model was logically in
agreement with the experimental values. The factors investigated on TE of AA6082-T6 show that the
lower tension at the beginning of the first pass compared to the third pass, in which the heterogeneity
in the distribution of tension is low due to the temperature and the number of twists, leads to work
hardening. Igbal et al. [10] performed experiments on TE of AA6061-T6 to investigate the effect of
extrusion load, temperature, the number of passes, hardness distribution and tensile properties. Results
showed that the predicted values were consistent with the experimental values. It was also found that
the two main factors are temperature and the number of passes which affect the tensile strength and
hardness. Using high temperature and the more number of passes, tensile strength and hardness
increase 8-10%, and extrusion load has the least effect. Also, the optimal value of variables for TE of
AA6061-T6 included: load of 1000 KN, temperature of 500 °C and three extrusion passes. These
values are useful in high temperature TE experiment of various aluminum alloys. Zendehdel and
Hassani [16] investigated the effect of TE on mechanical properties and microstructure of 6063
aluminum alloy. 6063 aluminum alloy was deformed by TE method and its mechanical properties and
microstructure were investigated before and after the experiment. They noticed that the more number
of TE passes resulted in finer grain microstructure. Also, with increasing the number of TE passes,
yield strength, ultimate tensile strength, and hardness increased, while after a relative reduction of
elongation by intermediate of passes, they remained unchanged. Finally when deformed by TE, both
the strength and the ductility of material improved. Igbal and Kumar [8] studied the effect of multi
pass TE on AA6061. The effect of three pass TE on AA6061 sample at different temperatures was
investigated. Results showed that the normal plastic tension at the end part of the workpiece is higher
than the beginning part. It was also found that in the corner areas more tension occurs compared to the
center zone. This difference in tensile distribution is reduced by increasing the number of TE passes.
Experimental results were also studied. The billet volume decreased in the last phase of the
deformation and was minimized by all the TE passes. Asghar et al. [7] investigated the effect of three
pass extrusion on an aluminum sample. They found that the end part of the sample, unlike the
beginning part, was more affected by the plastic tension. It was also found that in the corner areas
more tension occurred compared to the center zone, and by increasing the number of TE passes, the
heterogeneity in distribution of tension in both longitudinal and transverse pass regions reduced.
Mousavi et al. [17] performed an experiment on successive accumulation of three pass TE of an
aluminum sample at room temperature with and without subsequent direct extrusion. They found that
direct extrusion after three pass TE increased the hardness and the tensile properties, but reduced the
mechanical heterogeneity in the pass region. Asghar et al. [7] investigated the effect of implementation
of three pass TE on high purity of an aluminum sample and reported that in the corner areas more
tension occurred compared to the central zone. With increasing the number of TE passes, the
heterogeneity in tensile distribution decreased.




1Fol gl g jlgu /70 OJL.E.I'E'u /P11 Jlaw

The purpose of all the aforementioned studies is finding a suitable method for achieving good and
homogenous mechanical properties. Researches has been carried out on optimization of TE parameters
such as twist angle, friction factor and motor speed. Optimization of experiment conditions makes it
possible to achieve good mechanical properties in homogeneous areas. In metal forming processes,
normally the trial and error method is used for process design, which is expensive and time
consuming. Application of modern hybrid methods such as numerical simulation combined with
optimization and modeling techniques makes it possible to achieve the best design without making
high expenses.

In this study, optimization of input parameters has been investigated using the artificial neural network
(ANN) in order to achieve good strength and hardness.

2. Experimental method

AA6061-T6 plates were cut into points according to the ASTM standard. Table

rectangular sections by dimensions of 20 x 30
x 100 mm3. The chemical composition of
AAG6061-T6 is presented in Table 1 and the

2 gives mechanical properties of AA6061-T6.
Final specimens were machined in dimensions
of 18 x 28 x 100 mm’ by the milling machine

samples were tested from two to four flat [10].
Table 1. Chemical composition of AA6061-T6 (weight percent) [10].

Al Fe Mn Ti Si Cr Cu Mg Zn
balance 0.7 0.2 0.1 0.6 0.35 0.4 1.25 0.25
Table 2. Mechanical properties of AA6061-T6 [10].
Materials Elongation Shear Ultimate Performance Hardness
strength tensile power
strength
AA6061-T6 12 207 243 214 84

After cleaning, the samples were placed in a
furnace and heated to the required temperature.
Figure 1 shows the two parts of the TE mold.
The cross section of the two channels has the

hydraulic press, as is shown in Figure 2. The
back pressure of the machine press was 200
MPa and the extrusion displacement velocity
was 5 mm/s. Figure 3 shows the specimens

characteristics of 18 x 28 x 100 mm3 and the
angle between them is f= 36°. TE experiments
were performed by a 1500 KN Yukon
3. Experiment based ANN

The extrusion process has an effective role
in manufactering of products due to its
changeability, efficiency and high production
rate. In order to improve the quality of

before and after TE [10].

products or manufacturing of products with
new shapes, the process design and analyze

Fig. 1. The two parts of the TE mold [10].
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Fig. 2. Experiment set up [10].

through experiments is costly and time
consuming. One of the methods that can
predict the relations between process
parameters and results is the ANN model. This
model has attracted many interests in recent

b

years and has been used to predict the behavior
of various forming processes in many cases
[18-19].

Fig. 3. AA6061-T6 specimens (a) before TE and (b) after TE [10].

The neural network theory is derived from the
structure of human brain and can process large
amounts of information. ANNs are adaptive
models that can learn from the data and can
generalize to the trained data. The multilayer
neural network consists of input, hidden and
output layers. The hidden layer can have one
layer or more. The input layer is the first layer
of multilayer neural networks. The layers
placed between the input and output layers are
called hidden. The hidden layer processes the
data received from the input layer and sends
the response to the output layer. The output
layer receives all the responses and generates
the output vector [20]. An ANN has been

designed in order to achieve the desired results
in TE. For a perfect extrusion operation, the
extrusion pressure is a critical factor. The
extrusion load difference is mainly due to the
temperature of primary specimen which
interacts with factors such as engine speed.
The quality of extruders is estimated by two
factors which limit manufacturing, i.e. the
output temperature and the extrusion
maximum load. In this study, the initial
temperature and the initial load were adjusted
by the operators based on experience and
parameters like the number of passes.
Considering the above factors, experiments
were performed on different load ranges,
temperatures and the number of passes. In low
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levels of parameters (lower than load 1000 KN
and 300 °C) the work was difficult because the
ductility was impressed and the compounds
were faulty due to insufficient load. In high
levels of parameters (higher than 500 °C and
load 1200 KN), no compound was stored,
which is in contrary to the principle of TE.
According to the experiments results, the
parameters range was selected based on the

macrostructure of electrodes twisting and the
defects observable for each specimen. The
working limitations of TE parameters selected
based on the above criteria are presented in
Table 3. In this experiment, the purpose is
achieving the maximum tensile strength,
hardness and properties like better and larger

types

Table 3. Chemical composition of AA6061-T6 (weight percent) [10].

Levels
parameters (-1) (0) +1)
Load (KN) 1000 1100 1200
Temperature (°C) 350 425 500
Number of passes 1 2 3

3.1. Design of experiment matrix

Due to a wide range of factors, the
application of three factors, three levels and a
complete design of factor matrix was decided
in order to establish the desired conditions of
experiments. The factorial section is essentially
the design of a full factorial with all the factors
in two levels (high, +1 and low, 1-) formed
from eight star points and six central points
(coded with level zero). The full factorial is the
midpoint of high and low levels and
corresponds to value a. All of coefficients
were determined using the full factorial pattern
designed by a statistical software. After the
coefficients estimation (at the probability level
of 95%), all of relationships were extended and
only these coefficients were used in them.
Thus, the effect of nonlinear, quadratic and
two interaction factors on the strength of twist
extruders compounds were estimated by
twenty experiments. For ease of the
experimental data record and process, the
factors upper and lower levels were coded +1
and -1, respectively. The design of experiment
matrix is shown in Table 4 [10].

3.2. Experimental tests

As shown in the design of experiment in
table 4, twenty tests were performed and in
each compound the samples were polished
with chlorine solution. Then the samples were
etched and observed under a microscope, and
the microstructures were analyzed using a
photo analysis software. Surface scan was

performed by Hitachi S-3400N model electron
microscope. AA6061-T6 tensile specimens
were prepared by spark cutting according to
ASTM B557M-10 standard. Tensile test was
performed by a Hansfield machine with
capacity of 50 KN. Hardness test was
performed using Akashi MVK-E3 hardness
tester with 2.5 g material and time of 15 s.
Hardness test was performed at the distance of
0.5 mm. In each experiment, three samples
were tested and the mean values are given in
Table 4.

4. Conclusions

One advantage of using an ANN is that the
network model is easily constructed and
trained based on the input and output data to
accurately predict dynamic processes. Neural
networks are capable of approximating a multi-
input/output process with any level of
complexity based on the accuracy required by
the network designer, an if the selected neural
network fits with the data and the nature of
process, then it will lead to proper learning and
accurate prediction [21]. The nonlinear nature
of the problem studied here from one side, and
the number of parameters affecting the process
from the other side, led to the application of an
ANN for modeling the process. The mentioned
network is capable of processing any kind of
data properly and is one of the strongest
networks for simulating nonlinear problems.
This network is trained through the change of
middle layers’ weight and these changes are




stored as the network assumptions [22]. The passes while the outputs include tensile
network structure used is designed with three strength and hardness.
inputs and two outputs. The input parameters
include temperature, load and the number of
Table 4. Design of experiment matrix and reactions of AA6061-T6 [10].
Coded values Original values
A B C Number | Lensile | Hardness
Number Load | Temperature of strength | (HV @0.5)
(KN) (°C) passes | (MPa)
1 -1 0 1000 425 2 295 100
2 +1 +3 -1 1200 500 1 301 107
3 +1 -) +1 1200 350 3 256 96
4 0 0 0 1100 425 2 290 99
5 +1 0 0 1200 425 2 294 98
6 +1 +1 +1 1200 500 3 309 111
7 -1 +1 +1 1000 500 3 312 110
8 0 +1 0 1100 500 2 301 107
9 0 -1 0 1100 350 2 251 91
10 0 1100 425 2 294 99
11 0 +1 1100 425 3 304 101
12 0 0 0 1100 425 2 293 98
13 0 0 0 1100 425 2 293 94
14 -1 -1 +1 1000 350 3 255 95
15 0 -1 1100 425 1 284 93
16 0 0 0 1100 425 2 291 99
17 0 0 0 1100 425 2 294 98
18 -1 -1 -1 1200 350 1 249 90
19 -1 -1 -1 1000 350 1 248 89
20 +1 +1 -1 1000 500 1 299 106

The Tansig transfer function is considered for
the hidden layers and the pureline transfer
function for the output layer. The method of
training and the way of learning include
Lunberg-Marquardt and Gradient descent
momentum, respectively. In training the
simulation of mechanical processes, Lunberg-
Marquardt method is often used. In order to
optimally design the neural network, by trial
and error, the network with different structures
has been evaluated based on the mean squared
errors criterion. This criterion is equation (1)
defined as:

_1lyn ym 2
MSE = 3L X4 (Ti; — 05)
where m is the number of neural network
output neurons, n is the number of data used

for network training, T is the target data for
each output neuron, and O is the predicted
value per output neuron.

5. Results and discussion

In order to train the neural network, Neuro
Solution software was used while for reducing
the root mean square error, the Lunberg-
Marquardt algorithm was implemented. Out of
the 20 laboratory data, 60% of them were used
for training, 15% for validation, and 25% for
network testing. Table 5 shows the neural
network model characterization used for
network training.

(1)
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Table 5. The developed neural network characterization.

Network type

Forward with the error propagation algorithm

Network architecture

2—-1-12-3

Learning algorithm

Gradient descent momentum

Hidden layers transfer functions Tansig
Output layer transfer function Linear
The number of iterations 1000
The number of runs 3

The network with 2-1-12-3 architecture means
that in the first layer (the input) there are 3
neurons which are equal to the number of
variable parameters investigated. Layers 2 and
3 are hidden layers which have 12 and 1
neurons, respectively. The last layer (the
output) has two neurons which are equal to the
number of outputs investigated in this network.
In order to train the neural network, the
gradient descent momentum algorithm, which
is one of the fastest network training methods,
was implemented. The duty of this algorithm is
reduction of root mean square error during
network training. Sigmoid transfer function

network to have outputs outside the range of
+1 and -1.

Table 6 shows the mean error obtained after
network training with 1000 iterations and a
total of three runs. Table 7 gives the best
network obtained during training. As is shown
in Figure 4, the best network is obtained in the
third run and the convergence of the root mean
square error is occurred in iteration 1000.

In order to investigate the effect of each
parameter, the Neuro Solution method was
used. As is shown in Figure 5, the number of
passes has the maximum effect and the load
has the minimum effect on tensile strength and

was considered for hidden layers in which case hardness.
the data outputs were placed inside the range
of +1 and -1. For the output layer, a linear
function was used. The linear output allows the
Table 6. Neural network mean error.
Total runs Minimum training Standard deviation training
Mean errors 0.0538 0.0879
Final mean errors 0.0538 0.0879

Table 7. Results of the best neural network run.

The best network Training
Run 3
Iteration 1000
The least error 0.0030
Final error 0.0030
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Fig. 5. The effect of the number of passes, temperature and load on tensile strength and hardness.

6. Conclusions

In this study, experimental investigations and
optimization of TE of AA6061-T6 were
performed in order to explore the effect of
extrusion load, temperature, and the number of
passes on hardness and tensile strength. The
results of neural network showed that the two
main  effective = parameters  including
temperature and the number of passes had the

maximum effect and the extrusion load had the
minimum effect on tensile strength and
stiffness.
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