Yy

v

sy

AV

A%

ARR

Y

A%

10

ISSN 2008 - 918X

POJKE Wia T 58 Dgee p (i S solsb W sy
O3t JUl S

S S5 Al e G S b

S Gt — (5 ST 35l

S mile T B I a0 <Kol S (S iludans p umily il 3T
T G 9Kk (S 030
g 315 e =01y IS dale jslia

ooxd SSTAL EY 3 Ko Sy gy gjlﬁ)l‘.‘é; Iy
&B&é}‘f}h
SIS (ol — KNS LS — o sl = m 3 pems

Y- g 1 oo 26z soe o Lo pd Skt L f
Pow A 50 o g KD gk (§398 (polil g KO ks
S Wb e —slhae ol

Judos 59y 31 oaliiwll 9y o1y il it pd Plus o
X pogig !
S5 Glgetn — e (g — Sl guge

S S Hloslatall GUT 518 Di1yd  Juld & goue fukoed
OO AT P9s AL 2T
S Ao — (G )'JA; —o31y Oleke 5L 5le —(golen o

oud CBL b G Y (G ples 895 3 (258 Wl
S (859 ol 5 3
SELL ale —als o0 5T S —d peslind e

VLT TV 0 pounngdT 490 § &5 8r9 GO0 § (258 (v p
ST Laduw &y Cxi  KilKo

ol e = e e =S e ST

2Ol Gl golsly Wb sy 9 b 6 OL 2 (S5l and
Qoo oS5 25 > 6lb b DS S ol &
9S Olorama— ;50 Lo e

JFS Sl b o o 9 (S St S Khos dlie
(oo g3 ctasl) dilgiul Sl bl Sb >

Ol i 20 e — ol S L e

ShdS”  po b cied Shamas ST Sl )l g hiles” fuloei

(ot ss S2lasl)  Bolad dguome (Sl 9 3T odlaiull b o2
Bllgd 055 = s 3 Olacde = 5 SIS e

Y ostods s Jl
1FAA (bl g sle

‘s.dﬁ MM,G

Slwlxo g (50 91, pole

h‘j“o P




ISSN: 2008-918X

.,.dé,,éyww/./b’rﬂ:/” \

A
ISSN (Online): 2423-6519

OLIAsUS™ Ol jgn 5575 2 g g
LSl oo S 1S ghun ke
dgaa w3 p oSl 1 ilitel ol

P S
Wil e 3 Tl T oKl Ll b (SBT 871 g57s
Wl ¢ g g Ul o0 5Ll Sl B 57
Wl e 6T ol T ol&ils eale 0313 51 W1 e g5
Lab | g pundign 0dSCt1s oS sl gmis oKl cliu 09 2 Sgrud 5SS
S wnlign 0dSils ¢ gun gb o M e a5 mtes oSl sliul Sl Lo oo 3578
S 03,8 ¢ onlign 0l (g _gm 33,5 oK1 Ll 9 Ol s
S 03,8 (ool 0 dSls (g _gun 33,3 o1 ol Sy dgasee g5
S gdign 0dSiils cOlginnl gnis o&iils oliwl  Sgwisler (Slmd el gl 557
SSGlSe 05 5 0 pnliga 0dSCELS (g _gu 33,5 olKils bl Sleb Sgrume J73
S 05,8 (ki sl (dgin _gun 53,3 oS5 c3lzul QLlas o™ Ol ye0 357
Sl 05 8 ¢ pndign 2udSCa3NS clgie s 5 olSCtils (Ll 3 (yaro a0 G5O
Wl ¢ oS 5 o851 el SNide Slug f5
S 05,8 ¢ owalign 0dSils (g o533 ol ol 4 Loyuese g8

é.ig&a ajjf ‘LS"““C‘@"" a,&;;;\, (g w}bj'a a\iﬁ.}\: bl

Xio 3l o G5

Lg};\GL&ajB:@')TW5&Iﬁ5

S V.Elf}:f.s (6 il gl Cpanmdazee 2S5 1O sl 19

g 0 gyl 593 o

VIV sy Bgebias — 0 25 55— cig 0dSCESS — gl oon 93 3 o215 — gtn 1 LS

http://mechanic-ferdowsi.um.ac.ir :Cslw <5

COV-TAVERT Y 0s COV-YAA S YF il

ejour@um.ac.ir : S5 Sy
AR XVAZAR 'C)_}a YYYYVO (gl § Sladss cc}l.c Cylie s sl o ylads
EBSCO, Magiran, SID, ISC : 2 bl s o 4l



\Y

ry

A4

a4

AY

q0

-4

\Yo

\rY

Vo)

Sl
S
NS RV SS

SASV sl
ShS Glgadema

Ol S Jale 3l

S 3ls e

R
o ol
SIS Jls
uJL(.«Jf ssla

5 e wﬁ‘_)
S i Lo e

bl e
L5'.~.> )"5‘),@__:

Lg:l?w -
o330kl S5k
Gl 5508

Srr doa

955 S

Lol

djr'"‘fj

Jdb e

236 Lo e

SIS Gslodess

S e
0L arer She Ao

OS)[S N
s ke

Slled 153

S (BSUEE W T B 00 Dgee g ki S lsl T oy
5kl 6t

S cyilo Wy T 9 I g0 uoliyd (S lwduds g Jamiliy @b 55T
Jlws 5T 9w (S yogil

S 5k ooxd SS3L6L. £ 51 (20 Slrdingy 29U5 JLE ) owy
A

ECw Y- g JST1- gKe A6 Z oo Axdo  Jad il (SHla! O o
o 485 0 (o 0 S0 S (S9! g S0 abaius

Juboxi 593 oaliwlly pdyaS 1§ ECaw¥l o i filus o
K 9539 3!

<y BGS Jow Hloslaill GBI 518 O3 Jwlidd (soue  ulxd
oW AL w9y wb

ol jloaicdb ik Sl (Sl (ples S5y 2 (22 Wi
Sl (59L8

VLT LYY <0 porungT 49 9 <O @9 SO0 § (258 (i y
3T bgdw & yo codi (Silko

Sl S ¢ OT Sl solsl 16 ) 9 (b S Ol 2 (S ilodud
Qoe ol 5 2 (Sl b Oolalad

Ob 2 Jyu5 Sl (B (o O 9 (N Slowdl b Ko Ao
(e gs Sudlasly) dif gl B 4!

Sl o yo b s Samio 13T ol 51 9 hiles” o
(g wudlasly)  Solad dguzme (Sl gy Hlodlatll b pé






IFIA 5o lasi ol o JLo Sl o il 4 sl psle i

" OlERel JBUT Sl 23 Ch T 50 gt g kit S sinlsly T (g

© . © ® . ™ . M e .
LS lgedess SS1agls &béﬂ}cd\cj’\ RSO LN WU bl

slayialil il JSo JUIS wblés Sile s S 5 o ik (sloeil 5 oy (slacne foloe? ronds allin il o> 00027
el il s s slowl e g i Sl b A5 5 e (il Sk I Coosl 0l oy 38 ] (509 ilihn rclin
ool foli Cilia ponnlin (slazoll ) sdoes (slim) (Silotend ST b oo ol plonil e’ ol o] o3 5oms (51 il
SIS S sl 5 Gy Conlonds 2 51 b 457515 DU 5 oy 0 S et (S0 JUIS sladl 150 5 i (sl s
wllo Job (slow Dnds sy iz Ao o 21 | wle iy alj lJUE sladl 50 2l 5 bl oo Al iy 4l

Al o JUS slol a3 olile Sl b (sla S nKlee ook i L

3 3dee (gl (g3l ( Jsb (bl Jiamn (O lel JUK 0w Sale as IS5 (SuulS” (Slae g

Geometry Effects of Asymmetrical Channel Sections on Common Defects
in the Roll Forming Process

Y. Tajik H. Moslemi Naeini ~ R. Azizi Tafti  D. Akbari  M.M. Kasaei

Abstract In this research, the twist and the longitudinal bow defects were studied by finite element
analysis in the asymmetrical channel sections. Effects of the geometrical properties including the strip
thickness, the web width, and the flange width were investigated on the above effects. Some experiments
were performed on an industrial roll-forming machine to verify the accuracy of the finite element model.
The results showed that the twist angle decreases with the increase of both strip thickness and web width.
However, the twist angle increases with the increase of flanges width. Also the variations of the
longitudinal bow height are similar to those of the average residual longitudinal strain of both flange
edges.

Key Words Cold Roll-Forming, Asymmetrical Channel Section, Twist, Longitudinal Bow, Finite
Element Simulation
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The Effect of Interatomic Potential Function on Nanometric Machining
of Single Crystal Silicon

S.N. Ameli Kalkhoran M. Vahdati

Abstract Nanometric machining process is an advanced method for producing brittle silicon workpiece
with nano-level surface finish. With the aid of molecular dynamics simulation, valuable details of
machining mechanism could be obtained. Choosing the appropriate potential function is the main
parameter in determining the results of this simulation. In this paper, the combination of the three
potential functions of Morse, Tersoff, and Stillinger-Weber is used to define interatomic interactions. The
machining mechanism, workpiece temperature, cutting forces, systems’ energy as well as subsurface
damages were studied to compare these potential functions. The results exhibit that using the combination
of the Morse and Tersoff potential function would change the machining mechanism to brittle mode and
reduce the system energy by as much as 7.3%. It is also found that the interaction between tool and
workpiece has a greater influence on the determination of the workpiece temperature and machining
forces.

Key Words Nanometric Machining, Molecular Dynamics, Potential Function, Silicon.
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Investigation of Cyclic Behavior of SS316L Cubic Shells under Pure Torsional Load

M. Shariati A. Saber K. Kolasangiani H. Golmakani

Abstract In in this paper, cyclic behavior of SS316L cubic shells under pure torsional load was
experimentally and numerically studied. Experimental tests were carried out by a servo-hydraulic
NSTRON 8802 machine under torsional load-control condition. In this loading condition and based on
experimental results, due to the existence of larger shear stress along the shell thickness, increasing of
torsional torque amplitude caused the enhancement of ratcheting angle and reduction of shells’s life.
Also, the effect of cutout and its size on ratcheting behavior of cubic shell were investigated , According
to experimental results, it was seen that the sensitivity of ratcheting angle to cutout position near the
applied load was high and the shell’s life decreases in this condition. Numerical analysis was done by
Abaqus software and using the nonlinear isotropic/kinematic hardening model. There is a good
agreement with that of experimental results.

Key Words Cubic shell, Cyclic pure torsional loading, Ratcheting and softening, Numerical and
experimental analysis.
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Nonlinear Forced Vibration of Functionally Graded Magneto-Electro-Elastic Rectangular
Plate based on the Third Order Shear Deformation Theory
R. Mantashloo A. Shooshtari

Abstract In this paper, nonlinear vibration of the functionally graded rectangular plates made of
piezoelectric BaTiO; and magnetostrictive CoFe,0,4, whit simply supported boundary condition has been
investigated. It is assumed that the composition is varied from the bottom surfaces to top surface, i.e., the
top surface of the plate is piezoelectric-rich, whereas the bottom surface is magnetostrictive-rich. In
addition, material properties are graded along the thickness according to volume fraction power-law
distribution. Based on the Reddy’s third-order share deformation plate theory, the governing equations of
motion, whereas Maxwell equations for electrostatics and magnetostatics are used to model the electric
and magnetic behavior. Then, the nonlinear partial differential equations of motion are transformed into
five coupled nonlinear ordinary differential equations by using the Galerkin method. Afterward, the
obtained coupled ordinary differential equations are reduced to a single nonlinear differential equation
which include nonlinear inertia and stiffness terms with quadratic and cubic nonlinear terms. A
perturbation method is used to solve the equation of motion analytically. The results for natural
frequency are compared with the available results for isotropic, laminated and piezo-laminated plates
and good agreement is found between the results of present study with the results of previously published
papers. In the forced vibration, primary, super-harmonic resonances are studied and the frequency
response equation has been obtained. Because of the importance of the primary resonance, the stability
of the steady-state motion is investigated for the primary resonance, The applied external force is
assumed to be harmonic in time with a constant amplitude.

Key Words Functionally graded smart plate, Third order shear deformation theory, Gauss’s laws,
Perturbation method, Force vibration
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Solution of Nonlinear Compressible Hyperelastic Problems by Isogeometric
Analysis Method

M. Ardiani B. Hassani M. Tavakoli

Abstract Employing the Isogeometric Analysis method for solution of nonlinear compressible elastic
materials, generally known as hyperelasticity, is the subject of this article. For this purpose, the matrix of
coefficients is derived and by the linearization of governing equations the discretized equilibrium
equations are obtained and a solution algorithm is presented. To study the performance and accuracy of
the method in compressible hyperelastic problems, the obtained results are compared with those of finite
elements. The presented approach, besides providing a good flexibility in geometrical modeling, results
in a smaller system of equations and consequently reducing the computational cost. Furthermore, despite
having large deformations, the need for remeshings is alleviated. Also, the effects of the number of load
increments, as well as, the number of Gauss integration points on the convergence of the solution are
studied.

Key Words Isogeometric analysis, NURBS, Hyperelasticity, Compressible materials.
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Numerical Investigation of Particle Deposition in a Room using Large Eddy Simulation
based on Lattice Boltzmann Method

H. Sajjadi M. Salmanzadeh G. Ahmadi S. Jafari

Abstract In this paper the Multi Relaxation Time Lattice Boltzmann Method in conjunction with the
Large Eddy Simulation model was used to study the particle deposition in a room with various diameters
(10nm-10um)and the effect of buoyancy, drag and Brownian forces to particle deposition on the different
walls of the room has been investigated. The sub-grid scale turbulence effects were simulated through a
shear-improved Smagorinsky model. To simulate the particle deposition in the room, the particle
injection process was initiated with 144 particles injected uniformly at the inlet with the same velocity as
the airflow at every 0.05s; particle injection was stopped after 30s. Therefore, a total of 86400 particles
were injected into the room. The present simulation results for the airflow showed good agreement with
the experimental data and the earlier numerical results. The simulated results for particle dispersion and
deposition showed that the numbers of deposited particles on the walls increases by augmentation of the
time. When the particle injection started the concentration in the inlet jet region is more than other zones
and that increases in the region far from the inlet by time. Present results will be interesting for designing
air condition systems in the office and hospitals rooms.

Key Words Lattice Boltzmann Method, Large Eddy Simulation, Particle Deposition, Shear Improved
Smagorinsky Model.
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The Study on the Mechanical Properties of the De-Vulcanized Waste Rubber

by a Mechanical Technique
S. Ostad Movahed S. Karbalaei Nezhad B. Babakhani

Abstract Recycling of waste rubbers is developing due to environmental concerns and continuous
increasing raw materials price. The EPDM (ethylene-propylene-diene rubber) rubber is the rubber base
of the non tire automotive rubber articles and their recycling is necessary for resources saving and the
environment protection. A mechanical recycling technique, a twin screw extruder with the aid of a de-
vulcanizing agent, TMTD (tetramethylthiuram disulfide) was used to de-vulcanize waste rubber powder
from discarded EPDM automotive parts. The de-vulcanized rubbers, subsequently, re-vulcanized in a
semi-efficient (SEV) curing system and correspondent curing and mechanical properties including
hardness, tensile strength and elongation at break were measured and the results were compared and
discussed. The results showed that the waste rubber de-vulcanized with used technique efficiently. The
direct relationship was observed between increasing de-vulcanization percent and also the crosslink
density reduction of the waste cured rubbers with improving the curing and mechanical properties of re-
vulcanized compounds. The optimum de-vulcanization operating conditions were obtained by a design of
experiment software at rotor speed of 180 rpm at a constant operative temperature, 220°C . The main
challenge for using the outcomes of this study in commercial scale was the difference between waste
rubbers composition because they provided from various sources.

Key Words Recycling, EPDM rubber, Twin screw extruder
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Experimental and Numerical Analysis of Single and Double layered Aluminum Sheet 3105 With
Mechanical Joints under Drop Weight Impact

A. Bashiri M. Hosseini H. Hatami

Abstract Sheets are widely used in various branches of modern technology industries such as
automotive, marine, aerospace, optics, nuclear industries and structural engineering. One of the most
important problems in design is their weakness against impact. Various impacts are applied by external
objects during construction, operation or maintenance of the structure. For this reason, the reinforcement
and increased strength of the sheets against the impact is the subject of many studies of researchers. This
study was conducted for three levels of impact energy (using Drop weight). The sheets are of AL3105,
with dimensions of 220 * 230 mm and 1 millimeter thick, 2 millimeters thick, and are connected by bolts.
The sheets are completely free on the fixture The screws are made of a bolt with Standard din933. In the
experimental method, the picker acceleration has been measured by the accelerometer sensor and the
permanent deformation of the sheet is measured at the end of the impact. The parameters to be evaluated
include the impact acceleration on the sheet, the permanent deformation and the energy absorption of the
sheets. Abaqus finite element software has been used for numerical modeling. Comparing the results of
experimental and numerical methods shows that these two research methods have a good agreement. The
results also show that the absorption of energy in single-layer sheets is greater than double-layered
sheets. Also the acceleration in double-layered sheets are more than single-layer sheets.

Key Words Aluminum sheet, Free fall test, Permanent displacement, Shock acceleration, Energy

absorption
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Numerical Simulation of Gas Flow inside the Orbit VValve Class 900
and its Effects on Parts Damages

A.R. Tahavvor M.S. Korooni

Abstract Orbit valves are used dehydration processes of gas. Failure of valves impose cost of repair
and maintenance and its experimental tests are more expensive and in many cases are not applicable.
Therefore, in this work a three dimensional model of an orbit valve class 900 is created and exported to a
CFD solver. Results are exported to a structural analyzer to determine the exerted forces and stresses.
Analysis are considered in six position of valve ball. Results show that ball position of 45° is the critical
position and probability of failure in this situation is very high. Therefore, results of 45° are valuable to
design of parts and choosing appropriate material inside parts.

Key Words Orbit valves, Failure, Ball valves, Fluid-solid interaction, Force analysis

DOI: 10.22067/fum-mech.v30i2.78595 ..l s A/ VYN OT i LR ARAR VPSR S It
tahavvor@iaushiraz.ac.ir .ol 0 e « ol 2131 o8l Gl dls (SOl ki 05,5 Ll 1 stas s 55 (1)

Ol Gl e oDl 3131 oSl 3l ad domly (Sl undige 05,5 (| ulid IS (Y)

\Yo


mailto:tahavvor@iaushiraz.ac.ir

TP 33 Eplod ip o Sl

Sl o Gl 5 (63,06 psle 4

508 I3 5 s Y ST 50 dile il il
cdean Yiame sl dzen 55 51 O Gl 4
Sl b 51 2 et e 5 S
Laila Jsimenss it ol atu s 25
moslw s Lpd e eslinud oSl sl i 53 Ysane
Joe b Sl D s s S
Cogo a3 ol 5 3 S s (6805 5 S e
i (V) S s o Crsy i (Gloy 90
Sl S deas e 0L ) iy 5 5 Sl ool
5ol LS 0l S ol il Jbs s by
Sl 3ol wbs e sl Jb- 55 6 S0
aS 38 dewsa OF 5l e 3 g o oslanl 't\; 58
03,50 ol s sles ol Ol Lail 3 gles o
53 A 45 ol Sl 3 b i Ol e 350 0
sd g e g L) TS o Jls
S e 3k 4 plased Ay Sl s 2 S8 kS
S slls o o als (S bt cnl 31 (5o
S Sl Shas LA (08 5 b sus
(V) S il e 058 sl 5 0L e i

a3 0L |y bl ol Sl (614 e

o PEGENERMIONGAS & @D~

REGEN GAS
COMPRESSOR WATER

KNOCKOUT

450 1o 800F

WATER

REGENERING
K0S0BNG ;

GOOLING
REGENERATICN
) o83
J 800F
- wive oen fl—e -
T wave cLosep REGEN 04 ORY FITER
HEATER A5

S 33 b ol Cldor S5 4 1o Al eV JSCS

PPNV

oy Ol e S S el 05 S S
S b S w5 S el g e eslind
adozr Sl ey iS5l = oolaBl e sl i
Oeamad sl o3l ol ol s el Ol
SB SRV s el A5 shien godaze gla rs s
e Ol 3l biae anb 58 ool 4l axw s
Dy S35 0 5 Oy O (S
ol e (6,500 DS 5l (Sae bl e ds
S e 5 B Sl 5 S S 5
0> Nipd n bt s 58 slae VT Olsea
ool Laos VT ol op s ege g il a5
sl b il e S ASlss 53 88 LS 5
Jold lodzms Slles e s aob LS
S b 38 0l Ol Ol > 3 oS el plannl B
oy U esle op 5ol Olseas Ol Bdtas ol
OF o 3505 G2 VL 1) ASL e AV B AL o5l
3,858 Jlasaal 1 odle ool b ol s aS
s pbe 58 bols b8 Sl daiz )l LS 5
= Shele il cis, 5 bl 5 58 Sbles
3 S el by s S e sl e laia
el b S e S S e sla el
JUas! 5 ool o Slkes 53 1 (ol OIS0 &S
S ol AT L "Jﬁlf“ Semah b
3 eslial 5550 LS 51 O Sl Gl slataa,
Sl JS5 5l 58k O ol s 3 S
5 sl by 5 gyl b Sl 55 O Olae 5
Sla s, Coul (Sa)p 5l S il cnlg s
D3 eslinal 5)50 and S ols3e s shea ke
s Tl 5l W ke bt cnl 3,8 0
Sl oS S A Ol Gl (b
ol Olea b el A par Sl ole o v s
S i Slkes s sl o) 5l S ol
3ol Bl e e Sl (b LS

A



JL};JA@M—JJ\AL&W&

sl 2oLl Sl o 5 e S5Ol (il

e 03 M5 B pl S ph o A5 B P
A el ool slaay e 4 e 5 03 sl
plod Aol (S S 5 5 g L e 5o s
BLURE RIS gy | WY Jrle s 4 v.:\;jr_} NESPIY
s o3 Ol Uy jdo Jlde a4 dly IS
U s =l 0l 5l 5 55 5500 el 5 5L
s Dl panS Slay pa -l sdome (g5l el Oles
et o gl 5 L5 e O3l s ) pne
A dal i (60l Dl laa a ol s faie
il Oladad ol el gadaze ol ge
ol olles (wlabd (bl s ales
S8 Ok lial il e bl
Ot omebal S M st ol 51 (65 50
LAE Gl 5 58 glas e s 2 5 G250
g3 o) s Oladad ol 2 5 olad s olakas
el 0 0303 OLES (7)) S s T s
e o=l 03 i Gasdee 5 (S2 e Dlais
Yo e Jlw s Jlie Olseany ool 4y oLl
3 Sk ol lwand 4 (LK 5 G50

0555 O gt sl 0y oy g o5 VT2

= Qe

s (stem guide) wl. ssla (<) (Stem) o &L (4l

1]

(stem cam) 3L 4l ()

S ke sULilss oo s s Shss onl oo Wl

0503 Oplis sl (g3l annd (gl 5 Lsls 130U
o3l ol SST  Sei sl e 51 VT s g 55 o
Jsb o5 alianw 5 lS 0L o aSul (5l s o
oA dsb 5 s Sl Y il 6005
P P > ISR v I o S =W I R T PR

SSloss S e LAy LS (g5 stz o ¥ IS

)J&ﬁo)w}dﬂ;\dbd‘j&bw,\&b&
Celo cia Oder 0y Wi 5 sl Ode Il
3o b e il 2 s sla el L
Odians U Ol jen LS asesbel jaw ol e
ol Sl s s I B L8 5L S Gl
(Fy—ere Sl s s s s ol s Slee gy
543l 58 Sl e s ) il el s
o=l eSS Sose 53 it e 5 5L e
25 e s S8 58 g s e
j\wu@gﬁjmww@wwuﬂ
J=ks laol&inl 53 5 4 S alols o las luis
A dal g Laed S O pae s 3 3 vf;j@
ol da s o bl giol ol Ko
gl O e 530 s Sl Sladad s

235 i Al Sladad SOLSG ;S w e oS

\YV



TP 33 Eplod ip o Sl

Sl o Gl 5 (63,06 psle 4

Lol oo St s i8 o b e an
s S5 3 0L e oK 4 D35 5L il
ARt KPR PSRN P e SISV DL P
Sl glm s S s sRNG k-¢ 1, 0L~
55 alan w5 SUlS o5 5 53 O~
Iob s by o s s 2laAdsb als 2505
5 Ol (ol Ses S ol SRS
g odlal 355 Jale Jlw s 5ol WLl 235
C S e L S il s Ol il
polad el s § b s a gl Y
YooV dlw 3 dissed (el Obx (s P
o NVl £5 8] (s 5 Y5
EVslae L OT oS 5 5 531,39 Ll Joe SaSas |
Juos Ll aials 51,5 s 5550 il 020
=25 Jas 5 RNG k-g @gybggﬁd@_ﬂ
sla bl 5l ol (il mls 5 b
poslswﬁu&j)j;pdamjua@l;
J_Jaw@_a,?fb,.;\J)tﬁdjuﬁmua\,s
0553 crdts ) Sialow &5 s nl 3 gl 8
Sl sls 513 ey 3550 1) b g S
Sl |y ol U5 oo 8 A8 S amd R !
Ll asdsd S Gl 25 od s poa Ll &S

LS aslie s dakes

J=s B,
P e S Ll L S G ol 2
3 s 2550 3 e S0 OF 53 Slala
Slaks slan glaa il a IS lanl 53 5,8
e 3338 o g (Slags S e 5 0k (s
A Sl A g sl e S se JolS D pon,
Al e BB o5 OAS w5 5L oS Slakas )
e O 3L e SLlss oo ilede Tzl s 1A
e LSS 3 eslatad b s 35,5 0 ol
Sl Juse bl by Slasles VL Sl

S s ol Jlal 5l g s S kS s Al
Lo L S5l e Kin sl e O
Ao Al e LS 0Ll S et 5SS s34
alis 50 S K5 55 s Dlex b e 5 s
05 S O 5L e S 25 s
Seslial L [2] (8LSGn 5 0t 1 S0s i
Slasiae oo o 4 Sl OV Salys
L Ll istls 5 WU Les Olaedsl (sla o s 5L
Sk Sl el sty 0L 2 (55,8 S Sl eslinud
o=l o s iledie ) s oS - SV
B s 5L U Olebl T gl i
oLSa 3 bl g Jledl 58 Jole Jlws b s
Sl ke ol 45 L pd odalie b G 4t
£l VL e jLis L oliabl gl o sl -
55 e g AL D1t iy oo i
S5 4S5 Aoy (o 5 ) 02 LT e
Cel ey BLS ke 4 S0 (63555 53w
S sy b SLSUOAS 5L slp s slnl
28 IE R e s gl (b s el
3l [3] (HLLSKes 5 SSL YN Jw s
L o et S 0503 Smaw O > (s34
LS ey Sl OV Salus 5 eslind
et dalie 6l 1) s gde il W
S Ka AN g5 ol G0 HLad 3l 5 0L
s 93 S 5SS 5 e OL 2 5 L
e Ll s 505 gy 5,8 o 15 o3lial 3 50
Lol Gl 5 oS15 B, 5 (S5 1) a4
5 3 RNG ke 1, 0l o ilizel Jie 5 Ladls
SelS s 5 355 Ol Sl 6l i S
Vodsb el b e s S0 st alann s
5 ges aslol Sl
Sl 4] 5L 5 S ooV Jle
Sty VT3 5l (5) e 0L (300 Shaam

30U 5o 0L (6 sS8l salie 6l

VYA



S Golodares — ) 4g Lo e

sl 2oLl Sl o 5 e S5Ol (il

AR aS sl argl o 2 s 65 ¢l p i
it elaolal L oSt 5l sl e w555 4

S5 St Jdon o s G 0 5 e
et ol ol eslind e ler slaolall
o3 eddas § La s gls Oledl liasein (V) Jsd

s e 0L 1y s O Sl e bl

¢ YO
- — F

Qo oSS e e Sl ey a Joe £ IS
o () 6wl () Sl ola (©) (o5 (D)

Bl as () Gl (o)

;;&}ﬂj:&a.ujb"ﬁgj.h OJQ

A s s gL d 1 IS

5 e s sl 5 @S Ll b b
Al sy 8 4 old Jlesl Slag s 5 S
s sl el ey Slag g s b
3y ansly OF 53 i IUT 5 s dal s jasiis

LS el 3

Sl s Slaste

o, s sl olaks gla ) > u:“)‘}f bl
35 e ol sl sls Ol Ol b 8 SRV

S @l Gl Gl e 2 5 S35
533, 8 leasm s ¥ gl b 'Cb)'lf sl a3 S

S o 58 et el 0505 el 0L

e e ) s

AXAXA o5l
Qe NS
CAMERON sl oS L5
1523H8 LRF 4L Joe
o Sy s S e 5
LS-124-D-26 S e Jde

Solwde

Olabd Blw iy ol o5 gl S a5
() s il slacand Bl S e 5 Jts
3l 33,5 0 550 (0) IS Gillas 5 o sl
=5 b3l 65 I Ol (Sleand g O
Qe Vo v f0 e N0 lulss 5o asds Ogus el
Sl sl (V) U8 Bllas e 5 0 @25 4z s
a3 S3a0s db s alana s Sl Ol >
Blsl sl A=l s Ve Jebas i
St Sl a4z 5 L ol )8 5 05l e




TP 33 Eplod ip o Sl

Sl o Gl 5 (63,06 psle 4

R U
FRS NEF P L) NP Gl a5 e
L 55 e g ol s s 20 el

Wb o () Jsds &) goas OGSL

o bl s Y dsier

b 3 ol
AQ (bar) 35,5 jLis
AY (bar) s~ ;L
ARE CC) 20,5 slos

Sis] e

a0l = I~ RNG k-g Jus aS:pl 4 ax g L
L oosdoms ool ma L lall o 5 (ol 5 A0
i 3 Shes 5 3 (S8 b L5 0Ll S
Ol Sl eslanal b 5wl e 51 (2 55 e 5 30
ol Lt 0555 0L gl (I BB s s
J= 03 Jbe ol 5l 5s ol 8 55 [3-5] el sl
o e eiea el s 53Ul Al e
JERS JPINUVR o) S S Y TR v B
odd s S S s (o555 B L ol (SIssdee

]

@Lﬁ

Sl o ol QLS (V) S 53 48 a5 S0Lan
53 Al e o3l A s SO bl s SN
B labd o eles sl 53 ) 05 S5 50
Uy 5 ol i p LS o3l3T s ol
s b 3l plol e SV 3 1 5 el
I s a8 Col sl yasie Olakad ol 2 Gilsw
Al oSS Slalad gl o Al (58 D2 4B
355 e 2om Sl oyl s lald 25 ol 1

S

e O 3L caits Ul e boldl Clasin ¥ Jsdr

Lo e S PR
lad shor (e,)
ad s
00AVOAQ v/AOY AR-I-hY Vo
00Aq07 . */AOA v/YooV \
00AAEVY VAT v/Yoov £0
001¢£+40 /A v/Yoov e
00AVAQY /A, +/Y000 Yo
00A4+4Y /AN /Voov Q-

S eiS Olpme oy a4 S el S5 ey
So o dadshe bugie CliS 5 ho 4 dad e
el e VL S 5 Sl il 5

J= S

Sydmme oo gy 5l S st (Siluand sl
S 0L (S ¥bes (55t itas
P U [T P W PN P
Ot ol 0l (5 3Lwesly Ansys Fluent® 16
Sleslinal b (Sl S¥slas (255 5 25 Ll 51
Ansys Abaqus® 16 Syle = 53 sdome Ol s,
Il a8 ol 03 35 oy peo o plas SIS Ly, Lilods |
e 5 e sl S s s e SO o
e 0303 dw 0Lz s 0dd 4 § k5 s ool o5
! s Ol Gy 5 ey 358 Sl
b Olea Jlw s ool Jal 12 cal> 1
J_:bﬁjlj-_él(a]_}j ol eslanal i JdS 53 (65
o=l das e sl 3 Ll sl el s e CL.» oS
Db e JSS s s slaansly ple 5 L,
S sy e ot il Ny 3 s Olew
el o esliad 4 b 3l — b i SoST




JJ;JADM—JJP“M”[&

sl 2oLl Sl o 5 e S5Ol (il

a5 Ve il aibe s a3 VO Aol -
Sl st s Jome 02 8 Sl 0 A
e ol s Al e BB 5 bt sl
ar e W sl A 5l i 0L s e b e
Gl 6L 51 0L s 45l o AL o
S cp i 0l oS Sl ol 5 g5
(oA JS8) il o b 2 2o WWE L 2l 2o
23 s s e o ey a3 A0 A5l A s
2 s sldd 5l 0l e s S e
S e e gie Sl s a5l e LT
510U s S ol e 3L o SV L
ijwﬂmbjm Wi 5 o5 Ol bl glas
PR (N TS TP STCH PR R

(A JS2) sl e st

HLd Ol

Vo il 5 LS 0l o sl w5 (W) IS
oLz s b S Gillas s o 0L ) a2
AP PO E P CONL YR R R E Py
JB B LiseS 4l pl bl e hals Lid s
() JS2 s 3y ot Als i 2
ass ¥ il o dl s 5LST 0L > Les &
s b Sl a5l 55 Sl ol 5 s e LS
Rl e o 5 olantd o slad 0L >
G SLEBAS bl L o a8 LS (s
s il e 558 eme a3V 0 Al S
a5 $6 4 sl 3 58 0L o 5lis w55 (z-9)
i 3 g slades iU Sl psdas e 0L
G sl g el gt i L e LSS
Al o fals
Vel o 5L Ol 5Ll w5 (-9) IS
O3S b 55 Sl ) 3 s e OLES | o
a3 80 Cdl- aile gedd ST e 5l S
03 50 Iy 08 el sl 5L25 5 b Ll 3L e

V0 Asly o e 5 o5 S 0L S w5
e Lol ol ol OLES (LD-A) Jﬁ...ﬂ 33 a0
slas 510k Hae 53 S e o iy IS
LST’JJ LSJ‘—;-!%)TCEHJ°MJ>“&£°M>[’.%‘

Aibe 4l 5 e YE L s Tssus

0.200 (m)

Y
A4
X
0.100

Qv DS s ot s gl sl VS

gl Al b sl am Y 4l S s

e Sl2d s G Sl hs ey V0
ol s Al e Bl 6“‘*‘-‘?161“”“@
sl A S G Ol S S0l L
Vool ol e e e ey S 5 i a3 V0
£0 A yl5 b s (A IS) il e by e
o e o i (S glaldl 8o e s
s S slad S0k Hae s s 52
S b 0L A s Sl end Bl e S
s st w5 ot ey (slad 5L
o ey i Sl ol s syl s
53 (g=A JS8) dsl e 56y e 08 L ol T sus
Vil oo e il @l_:j (A) [
@L:JJ_:,;,_S[} o=l s ol el esls QLA a s
0L o o b gte AL o a5 £0 & 4l5 ASle
sodgm a3 £0 Aol S 5l i Sl s

AR



TP 33 Eplod ip o Sl

Sl o Gl 5 (63,06 psle 4

O 453 80 &y )5 a8 das e OLAS (Ll O
o 1S s al 505 508 ol s 5,5l
e 8 S el plail a5 £0 &5l5 0
A3 a8 Sllsd o fege Dlabd o2 )2 6
o Mg et 0B LS Sl Sl ol
ot &S das o QLA ()Y S S dals
5SSl Sl e b plad Joee 5o o Oliabl
(V) K2 53 riomen AEL 0 +/T0 @S liie
S8 b mled Jome 5o aBles dle Olebl s 5
Dy OIS T S e L 5 S5l S
Okl s 1S Wms o 0L 0 () S
Jie g aS 5 03 8 Iy 2alS 055, b s Gl
oy o VYA sae w0 O
azms 80 A l5 5 G e Sl ol s
;w&k&j‘C}gKAL‘wduﬁa«SM;& oL
s 1l SaSC L eles e s Sl b
Sl g3, A=l ps 5o Bl dalad ol 5 5 e
b s gls 2 31 5 bl s oS bl il
DS 3,15 S s S5y Ay g S 4 el e BT
Sl 03V ol by AL 2 5L Sl s 055G 4
Sz 53 B osh Ol i S pY (550 sl
L i e (s Dl LS |8
JLES aS Soso 3t S 53 GIASLL
S S S i S e HLS Gillae 1) S e
— 93 L el 5 5L Y0 ey Gf‘i\ g 651l
plie aulp b bsossad S ki L) oo
S 3pi e edalie (V) IS5 L sl (i Ol ansl
om Sl VL Rl e Oleabl o p e (o 28
S s Aalet VYA Ble Al gl s WL il
Sl Ol gad slanl L 0155 0 das e OLES

Sged (6,8 sl lakad ol I

OL 2 Olgme camm ;3 80 4505 51 Hse L das o OLAS 5

eb;‘%&ﬁgcﬁj&b):aﬁw&b}?

NG|

Vo isls 5s LS Ok Lab s (-0) S
5 5L Al el 5 s e DL | a3
Lol S 3 s old LSS b w0555
o ol 53 S e Iy a8 LIS (5 by
S il 5z b ol a5 1 B S 0L~
oy A Al S 58 0L LS 8 (-9)
Vo &l cdl- aile 50 -l s s e ol
Fart e am 3505 51 =3 1 DLt8aS AU e s
b b gie dey o oy 3,5 Ol 5 350 0
sl L= L 5l xS Sl 53 gy se 58

R 25 Aok 35l lay
2 a5 % Sose s Sledd )l (50 slaad e
Sl il SIS an (V) S ) cileses Ll
534S 5 S 0ban ol ol eals QLIS o O
L Ol g o 5 e (il ol o sal
sly 53 5 el Rl ned O L e 3
OV s> a3 plde o mi 4 a5 £0
23 5 ole e 1l OAS 5L L 5 ey oo (50
s an A Al 5o s Aol e alS e )
eolie s e 5 e VAT S 555 e (xS
et 045 5L L 58 0L s 5ee S 53 50
SMde SSIs i o W Gl 5o 5 asl ol
04— 5L sl Ll L g sdewy 05 50 YV O 55
Dle o S a4 sl o sl eSS

"L“)Lfﬁ Ujﬁ\./o Jj.\} Jf'-

,,idl.él.:pg&eﬁja&oﬁ

b e Ulss 53 5LS 0L leand s

\YY



S Galodome = g7 LS le Sl bl G s s ke SOl sl

T (20 2 10 (D (o s 2 L Ol 8 S T () a2 10 () 5 (sblss 52 e e Ol A JS5

a3 80 () a3 VO (o) a0\ (3) a5 80 (C) 4,5 a3 Qe (5) 3 VO () amys e (5) s £0 (G) s

\YY



’r“q/t:JJ:‘J[«JT/‘;wJLa &K‘J)dnuwj‘;}jjg'ﬁf&%ﬂ

6000

— B X-component
| Y-component
[ Z-component

5000

4000 [] Total force
z
g 3000
2000
1000
[}
15 30 45 60 75 20
Angle (degree)

calsee blgs s o8 pools glas s Ve 1K

0.00 60.00 (mm) .
L Se—
30.00

000 20.00 (mm) t
— )

1000

&I

0.00 90.00 (mm)
e —

v

000 70,00 (mm)

10000 (mm)

z

%(u)ug(;d\)@jﬂakﬁdw‘%ﬂ \VJQZ 50.00 . (
LYo JJNJUJBJ)Q\ Hlas Ol s sl (C> privwe G

o () o5 s Oladad Olabl (i VY S
Bl () Sl il ()

\AR2



oS Oolodeme — i L5, e Sl bl G s s ke SOl sl

& S 4o 3o gl (oxi ) Las!

S Slwbe Gla fg, 5l bl sy 5o 52 L sslmand (ol &S Sl ISl ey 5
Glmin S ot il 0953 38 0L > gileans plmil a s b0 oy dngly oo 5 s el
ot Sl 1l (Gl 55 sl 0l 3lizd s 4K ) Il ey e sl 43 S
0353 35 Ol o e 5 0 plsil A=l Slakad ol 4l (8) Jsds ps aS il o o8 5 o)l
S s a5 230l Sl s edd il O O et e sdalie oS S S0les o
sl o5 O SL ke Ll s of 0ss 58 slazel 5 staal 1B mls 5o 5l Laesls

sl sl Al e

@L}))A&JJMU&AJ‘AMTM)M&U}ﬂ@m f.d).,\:-

30 o8 Al

ol slaxs
VYYEYT) 1YVEod) 00AALVY
¥4 TV YLy S X Adla
£VaY £AA 0411 Y e
Yy Y Y04 FIE R HIN
oYY JAR 004y Js o
LIy Y/ - o sl Ao s

Slialie e ol OBy 5 Slalas 5k

3 olabed bl 5 5l _asiae i Lol
4S a0 S olan Lol .ol slis 1)) CanSls o 4
aoly 0o 0L S 5o 50 e LS oLl iy
3, Slee g e e 355 Slae i 4 a5 80
B P g
o S 8 e el LSl il S
aS s s ksl Ol Oladad (5 B YY)

()L:,.}l):)l:)\}v.-): £o J}J}Qﬁj‘j)bﬁi&j

Al s Sl claalie s &jle 4 das e
£0 &gly 5o Qe OIS i i leded 2 Y S Sl e lasly 4y 10 4l 4 S uS s
o A3 ol il s e e ol (L) s 3 it s e Ay LS il s Sles
Bl 2 () Sl dan b oled &b 3 0 ol 5 (9) Al o BBl a1 ol 5y S

Bla b oled oo 53 o dten ol ()

\Yo



TP 33 Eplod ip o Sl

Sl o Gl 5 (63,06 psle 4

B0 A sl o g5 edd oyl o S i @
Sl i bl pla 5las s

(s 5 s LA LS el s L e
S rSariior ShalS o5 an edd als glas
s

5 8l i 5 o el il 5 S s @

)°JM)MMMJ§{.&LJLQJQJN
JJ.%\L;O ol X33 4:>-LJ).> QL»M&\F

S F ol
5 S n 0l sl 5 Jhasiy p e e 3
i S plig edige BT Ol 1 sl ba
asay K3 5 ol Olis s = cle il

Lyl

M\Sajb
Failure lalss =
Orbit valves it gl

i 0555 38 0L il Sl Jol> s
s P 5 o0 DL O aS s e 0L
f bl S e by Okl s sl
b s e il p S D 3y o5
N o e 93 5L O 4 b g sl Ol e
e i gLilss o g S b Sl
O SLls 03 S LS o i 3 edd 3l lag
Olmean Idl o abe>de LB as s JIYe
3505 o)Ll i3 55050 4 018 0 2le Ghumer
oL ol s 88 13 V- plas s @
LS sy o s oKt o sl
Ol e &S Sl o5 Az A Al S
S i LB WlSani 5 g5 SLbl glab S
ey o
Ll g 03 255 = 20l G i o
53 el Lyl o8 ous 5L i il
ey oo 057 IR (il a3 80 &5
O 5L L Ok p 3 gee S 53 50 polie @
A as o N dgly 5o 5 al Ll

..\.w)w 3_5}. )‘..LSJ

e

. Tabrizi, A.S., Asadi, M., Xie, G., Lorenzini, G. and Biserni, C., “Computational fluid dynamics based
analysis of a ball valve performance in the presence of cavitation”, Journal of engineering
thermophysics, Vol. 23, pp. 27-38, (2014).

. Beaune, A., Kuerten, J.G.M. and Van Heumen, M.P.C., “CFD analysis with fluid structure interaction
of opening high pressure safety valve”, Computer & fluids, Vol. 64, pp. 108-116, (2012).

. Yang, Q., Zhang, Z.L.M. and Hu, J., “Numerical simulation of fluid inside the valve”, Procedia
Engineering, Vol. 23, pp. 543-550, (2011).

. Song, X.G. and Park, Y.C., “Numerical analaysis of butterfly valve prediction of flow coefficient and
hydrodynamic torque coefficient”, Proceeding of the world congrees on engineering and computer
science, San Francisco, USA, Oct. 24-26 (2007).

. Wallace, M.S., Dempster, W.M., Scanlon T., Peters J. and Mcculloch S., “Prediction of impact
erosion in valve geometries Wear”, Journal of mechanical engineering science, Vol. 256, pp. 927-
936, (2004).

v



IFIA 5o lasi ol o JLo Sl o il 4 sl psle i

*lgat S1b1 Ol S Sl i o 5 S 9 (oS Slawdly S e Aulin
(Easy Salasl)
Dol St VS L

LS g landly sl Shoe gl il oslizad I8 5 oite lyia] G s (s Ol (53008 (Sl oSl el 1 ONSEE
o sl oS5 o Slas 5 S sladly Slos folis oslizal 3, 50 (sla Slos .ol 45,8 1,5 oy oo 3y 90 O SlLLI L
03 e s padae 53l IS s el 0 S ol g sl e ke o Slas opl (soute (il shtons il o
Gl B 20 ol S Gl s St 2oy U Slos ol (55015 ome T s Sl (s Slow L) ol
S Bl O il 5 ((Sole e 43) g0 il Lot Jbo Sl eslizal b ls Slas (gilodust 45 das o Ol oy o ol
il o o Slos (515 Condis gy 20 B0 5480 (Ulsj o SO slodly (sl Slae 1 oslizul S o far G5g0 &y gty
G5Ol oo it i o Ol (a0 il i sl e 5 GiaS sliad Clea) Lo Slos 208 e Olii 45 g 3
ot hiwa ol 3 60 Slloj o3 L ledl oS5 S Slae jl oslizul 54 o oo si 403 240 sllsj o Ls Slae
om0 GV e L5 e 5 Ol 50) S ST Lo

Dske Blgal g s et ke L-PST (s Sles ety sl Shas 0L r J 25 (Gls” SaeSlg

Comparison of Single and L-PSJ DBD Plasma Actuators
for Flow Control around a Cylinder

A. Gerami M. Malek Jafarian

Abstract In the present study, 2D numerical simulation of flow around a circular cylinder and the
effect of plasma actuators to control the flow around it have been investigated. Plasma actuators which
have been used include single plasma actuator and Linear Plasma Synthetic Jet Actuator (L-PSJA). In
order to numerically simulate the actuators, the linearized force model has been used. In the present
work, accuracy of the linearized force model to analysis the plasma actuators behavior and the effect of
their position on the point of separation and elimination of the vortices have been investigated. The
results show that the simulation of actuators operates qualitatively successful in flow separation using
linearized force model (despite of its simplicity). Using of single plasma actuators at angle of +45 and
+90 degree is the best position of the plasma actuators. The position of the actuators at angel of +90
degree is recommended, if the lower power consumption of the plasma and at the same time the most
influence on the flow is to be considered. Using L-PSJ actuators at angel of +45 degree is not
recommended, due to low influence on the flow and higher power consumption.

Key Words Flow control, Plasma actuators, L-PSJ actuators, Linearized force model, Circular cylinder.
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Stability and Free Vibration Analysis of Plates with Random Material Property using
Stochastic Finite Element Method

M. Karkon S. Ghouhestani F. Shahabian

Abstract This study aims to investigate the influence of the plate uncertainty elastic modulus on free
vibration response and buckling behavior. To this purpose, elastic modulus of plate is modeled as a
random variable with a normal distribution. Spatial autocorrelation function is used for random fields. In
this method, the correlation is dependent on the distance, as the points be far away from each other, the
correlation is also reduced. Then, applying the powerful finite element method stochastic finite element
relations were calculated using Monte Carlo simulation. To this purpose, a four-node Kirchhoff’s
element was used with twelve degrees of freedom. For the analysis, random variable is simulated 5,000
times. At last, by numerical tests, the effects of uncertainty on elastic modulus are investigated on the
natural frequencies and buckling loads of plate. The results of these tests show that the effect of
uncertainty in elastic modulus of the plate has a different effect on the response of vibration and buckling
of plate. So that these changes have low effect on free vibration responses of plate. But buckling loads are
highly dependent on the elasticity coefficient.

Key Words Stochastic Finite Element, Plate Bending, Buckling, Free Vibration, Monte-Carlo
Simulation
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Fig. 3. Velocity distribution of flow through valve at 15°

Figure 4 shows the pressure distribution at an angle
of 15 degrees. As the flow passes through the space
between the seat and the hub, the pressure decreases as
the speed increases. This low-pressure region exists
until the inner diameter of the valve is changed.

Fig. 4. Pressure distribution of flow through valve at 15°

The force components applied to the ball of the
valve at different angles are shown in Figure 5. As the
figure shows, the force in the flow direction increases
with increasing value ball angle and reaches its
maximum value at 45°. The force perpendicular to the
flow also increased with the valve ball angle, reaching
a maximum at 60 °.
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Fig. 5. Force components exerted to the valve

4. Conclusion

The results of the simulation of the gas flow inside the
orbit valve show that the difference between the inlet
and outlet pressure causes the forces to be pushed into
the hub and thus into the mechanism.

e The force exerted to the ball in the flow direction
reaches its maximum value at 45°.

e The force exerted to the ball perpendicular to the
flow direction reaches its maximum value at 60°.

e The total force exerted to the ball reaches its
maximum value at 45°.
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Numerical Simulation of Gas Flow inside
the Orbit Valve Class 900 and Its Effects
on Parts Damages

Ali Reza Tahavvor', Mohammadsadegh Korooni®

1. Introduction

Natural gas has been used as fuel for more than a
century. Producing and distributing natural gas are
among the most important economic sectors of some
countries such as Iran. Several methods have also been
developed to produce, purify, and refine gas. Water
vapor is one of the impurities common to most natural
gas sources that causes many problems in natural gas
processing and transportation operations. Desalination
is a process used to remove water vapor from gas. Its
main purpose is to prevent the formation of hydrates
and water condensation in process facilities and
transmission lines and ultimately to prevent corrosion.
One of the new methods of desalination of natural gas
is surface adsorption. The quality of the outlet gas from
the desalination unit depends on the dew point of the
gas passing through desalination beds. In this process,
four Class 900 ball valves are used. In this study, a
Class 900 orbit valve is considered and the gas flow is
simulated through it. The forces acting on the valve
parts at different ball angles are determined. The
internal mechanism is then analyzed by force when the
maximum force is applied to the ball. The results can
be used in designing similar valves and selecting
suitable alloys for its components.

2. Numerical model

All valve components including the body, stem, inner
parts, and actuator are designed according to figures 1
and 2. To simulate the flow of fluid passing through
the valve, the ball valve inside the body is adjusted at
angles of 15, 30, 45, 60, 75, and 90 degrees. To achieve
a fully developed flow, the inlet and outlet pipe of the
valve is 10 times of the valve inlet diameter.

! Corresponding Author: Associate Professor, Department of
Mechanical Engineering, Faculty of Engineering, Shiraz
Branch, Islamic Azad University, Shiraz, Iran ,
.tahavvor@iaushiraz.ac.ir

> MSc Graduate, Department of Mechanical Engineering,
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Lot A’

Fig. 1. Internal components of the class 900 orbit valve

Fig. 2. Assembled model of the the class 900 orbit valve

Due to the 3D nature of the problem hexagonal grid
elements for inlet and outlet parts and tetrahedral grid
elements for the inner parts due to the complexity of
their shapes are used. Boundary conditions are
considered as follows:

Table 1. Boundary conditions

Operating fluid Natural gas
Inlet pressure (bar) 89
Outlet pressure (bar) 87
Inlet temperature (C) 300

Some references show that RNG k-¢ turbulence
model is suitable for simulations in orbit valves. So, in
this study, RNG k-¢ model is used as a turbulence
model.

3. Results

The velocity distribution of the gas passing through the
valve at 15° is shown in Figure 3. According to the
figure, the maximum velocity of flow passes through
the space created between the seat and the sealing
surface of the ball. In this case, the maximum speed is
about 24 m/s.
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The deformation is 68% of the thickness of specimen
when the dropping height is 9 cm.

Fig. 5. Deformation specimen

7. Geometric Model and Materials Meshing

The geometric dimensions of the sheets in the numerical
model are 22*23 ¢m® with a thickness of 1 mm. To model
these elements, three-dimensional (Deformable) solid
model was used. 900 sheets of 8-node 3D reduced-
integration elements called C3D8R were used for sheet
mapping. Also by partitioning (splitting the parts into
simpler components to achieve a high quality and proper
pattern) the optimum mesh of two-layer sheets is used to
attach the sheets to each other. The screw is tied to the
sheets. (Figure 6).

Fig. 6. Modeling the specimens with Abaqus

8. Modeling the behavior of steel

Stress-strain diagram of st12 sheet obtained in uniaxial
tensile test is considered as the main characteristic of the
behavior of this material.

9. Loading and boundary conditions

The steel sheets are 1 cm wide on the fixture seat. Only
three degrees of transitional freedom are locked at the four
edges for simplicity and holding the fixture in place. An
equivalent velocity at the moment of impact onset is used
to simulate the impact, which is obtained by placing the
potential energy at the desired altitude with the kinetic
energy at the moment of impact (Eq. 1).

v =,/2gh

h=50mm -
={h=70mm -
h=90mm -

v =990 mm/s
v =117 mm/s (1)
v =133 mm/s

10. Results and discussion

After determining the appropriate mesh for the steel plate,
the various laboratory specimens in this study were
simulated by the mentioned modeling method. The results
of the acceleration are shown in Figure 7. Figure 8 shows
the force-displacement results and Figure 9 shows the
displacement-time diagrams of the sheets.
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Fig. 7. Comparison of experimental acceleration results
and finite element model
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Experimental and Numerical Analysis of
Single and Double Layered Aluminum Sheet
3105 with Mechanical Joints under Drop
Hammer Impact

Arash Bashiri', Mojtaba Hosseini’, Hossein Hatami®

1. Introduction

This study was conducted for three levels of impact
energy. The sheets are of AL3105, with dimensions of
220%230 mm’, 1 and 2 millimeters thickness. They are
connected by bolt. The sheets are completely free on the
fixture. The screws are made of bolt Standard din933. In
the experimental method, the peak acceleration has been
measured by the accelerometer sensor. The permanent
deformation of the sheet is measured at the end of the
impact. The parameters were evaluated with the impact
acceleration on the sheet, the degree of permanent
deformation, and the energy absorption for the sheets.
Finite element software (Abaqus) has been used for
numerical modeling. Comparing the results of
experimental and numerical methods shows that these two
research methods have similar results. The results also
show that the absorption of energy in one-layer sheets is
greater than double-layered as well as acceleration in
double-layered sheets more than one-layer sheets.

2. Testing specimens

For hit test, flat st12 sheet with standard ASTMB209 has
been used with a thickness of 1 mm. The overall
dimensions of the sheets are 22*23 cm’. The useful
dimensions of these sheets are 21*22 cm®. The sheets are
joined by bolts. The bolts have been selected in
accordance with full-time standard din933. There are three
heights for dropping so six series of test specimens will
consist of double-layered and three-layer specimens, each
of which has three specimens for error analysis. Totally
there are 18 testing specimens. In this paper, sheets are
named AL, which stands for Aluminum (Figure 1).

3. Mechanical properties of sheets and bolts

To determine the mechanical properties of the steel plate,
three experimental specimens were cut and tested
according to ASTM E8 standard (Figure 2).

' M.Sc., Department of Civil Engineering, Engineering Faculty,
Lorestan University, Khorramabad, Lorestan, Iran

Associated Professor, Department of Civil Engineering,
Engineering Faculty, Lorestan University, Khorramabad,
Lorestan, Iran
* Corresponding author: Assistant Professor, Department of
Mechanical Engineering, Engineering Faculty, Lorestan
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Fig. 1. Specimen 2L-Al

Fig. 2. Tensile test

4. Fixture

The fixture is used to hold the specimens and create an
appropriate support. The fixture has free constraints for
specimens (Figure 3).

Fig. 3. Fixture

5. Impact Test Machine and Accelerometer
The device used for impact test in this study is a drop
hammer test machine (DH-TM-75007J) (Figure 4).

s ’ = .
Fig. 4. Drop hammer test machine 7500 J

6. Experimental results

The results of this analysis are provided in the form of
accelerometer-time  diagrams. Also, the permanent
deformation of each sheet as another important parameter
in the investigation of performance of the sheets was
measured after the end of the impact process. The
deformation is 10% of the thickness of specimen when the
dropping height is 5 cm. The deformation is 20% of the
thickness of specimen when the dropping height is 7 cm.
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3.3. Design of experiment and optimization of the
results

For optimizing the main screw speed, an experiment
design software (design-expert) was used. The de-
vulcanization percent was selected as the response
variable. For this purpose, response surface model
(RSM) and a factor (main screw speed) was employed.
The main screw speeds of 150 and 220 rpm were
considered as lower and upper limits of the factor,
respectively. The results of RSM showed that a second
order model was suitable statistically. Hence following
equation was proposed,

where N is main screw speed.

De-vulcanization% = -65.86570+ 1.32844N-
3.43251x1073N?

3.4. Conclusion

In current industrial research, the automotive EPDM
rubber waste was de-vulcanized with the aid of a
mechanical method (twin screw extruder) and a
chemical de-vulcanizing agent (TMTD), efficiently.
The optimum condition for de-vulcanization was
obtained for 180 rpm as extruder main screw speed at
220°C .

Table 2. The prepared compounds formulations
(all values in phr)

De- .
Waste vulcaniz Main
Compound TMTD |Aliphatic | Aromatic . Screw
rubber . . ation
no. (phr) oil (phr) | oil (phr) seed
(phr) temperat (rpm)
ure (°C) P
1 100 6 10 10 220 180
2 100 6 10 10 220 220
3 100 6 10 10 220 150
4 100 6 10 10 220 160
5 100 6 10 10 220 170
6 100 6 10 10 220 200
7 100 6 10 10 220 190

Table 3. The CLD and de-vulcanized percent for
de-vulcanized compounds

Compound CLD Devulcanization %
no. (mol/m?

1 67.9 63.5

2 73.7 60.4

3 82.5 56.4

4 80.6 58.5

5 73/0 60.0

6 68.3 62.0

7 68.0 62.4
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The Study on the Mechanical Properties of
the De-Vulcanized Waste Rubber by a

Mechanical Technique
SaeidOstad Movahed', SakinehKarbalaei Nezhad®
Bahareh Babakhani®

1. Introduction

Waste rubber recycling is a priority for waste
management due to environmental impacts, resources
saving, and raw material cost increasing. Presently in
rubber industry, there is not real rubber recycling. In
other words, recycled rubber can’t be replaced with
virgin rubber for manufacturing the new rubberish
articles. To reach to the above mentioned goal, the
chemical crosslinks in vulcanized rubber must be
broken selectively, which improves mechanical
properties of the recycled (de-vulcanized) rubber when
again re-vulcanized. In this research, the recycling (de-
vulcanization) of an  ethylene-propylene-diene
monomer rubber (EPDM) waste, obtained from
automotive rubber parts was investigated. The de-
vulcanization was performed by simultaneous using a
semi-industrial twin screw extruder and a de-
vulcanizing agent. A design experiment software was
also used for deriving an equation for prediction of the
de-vulcanization percent

2. Experimental

2.1. Waste rubber

The waste rubber powder was provided from PART
LASTIC Company. It was a combination of waste new
and second hand automotive rubberish articles. The
TGA analysis (Table 1) was used to analyze the
composition of the rubber waste. Before TGA analysis,
the oil content of the rubber waste was extracted by
Soxhlet extractor.

2.2. The compounds preparation and twin screw
extruder de-vulcanization

The waste rubber powder and different amounts of the
de-vulcanizing agent and oil were mixed in a simple
mixer (Compounds 1-7, Table 2). After 24h relaxation,
they were de-vulcanized in a semi industrial twin screw
extruder (CTE65-52D, Coperion Keya Nanjing
Machinery, Figure 1) with the outlet mass velocity of
40 Kg/h. Table 3 shows the crosslink densities (CLD’s)
and correspondent de-vulcanization percent for de-
vulcanized compounds.
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engineering, Ferdowsi University of Mashhad, Mashhad,
Iran.

Table 1. The TGA and physical properties of the used waste
rubber powder

Property Amount
Sol content (%) 0.5
Density (gr/cm’) 1.4072
Crosslink Density (mol/m?) 186
Others (%) 15.45
3 Carbon black (%) 43.60
g EPDM (%) 38.88
Left oil 2.07

Fig. 1. The used twin screw extruder

3. Results and discussion

3.1. Waste rubber composition

Table 1 shows the TGA results for the acetone-
extracted waste rubber powder. The EPDM
degradation began at 287.6 °C and completed at 547.8
°C. Mass loss was also observed in the range 26.2—
287.6 °C because of the presence of the oil. In addition
to the mass loss related to the oil and rubber, a
transition in the range 550—613 °C was observed. This
was attributed to the combustion of carbon black
present in the sample.

3. 2. Waste rubber de-vulcanization

The particle size of the waste powder was an important
factor in controlling the de-vulcanization process. For
large particles, i.e., 1 cm in diameter, controlling de-
vulcanization process was practically impossible.
However, waste rubber with a particle size of 1 mm
was de-vulcanized efficiently. As observed in Tables 2
and 3, the presence of 6 phr TMTD (de-vulcanizing
agent) caused 63.5 and 60.4% de-vulcanization for
Compounds 1 and 2, respectively. The reducing of the
main screw speed from 220 to 180rpm at the same
temperature increased 3% de-vulcanization.
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Fig. 4. 1pm particle concentration contours at the mid-plane of the
room at t=130 s.

Figure 5 illustrates the total number of deposited
particles of various sizes on the modeled room walls.
The number of deposited 10pm particle is more than
other sizes due to their high inertia and gravity.
Moreover, the deposition of 10nm particles is more than
100nm and 1pm because of the more intense Brownian
excitation.
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Fig. 5. The number of total deposited particles on the walls
of modeled room.

4. Conclusion

The LES model in conjunction with the Lattice
Boltzmann method was used to simulate particle
deposition in a room. For the LES model the sub-grid
scale turbulence effects were included through the
Smagorinsky model. Deposition of particles with
various sizes in a room was studied and the following
conclusions are drawn:

e The present method captured the particle
deposition in the room reasonably well.

e The number of deposited 10um particles was
more than the other sizes due to the
gravitational ~ sedimentation and inertial
impaction.

e By augmentation of particle diameter from
10nm to 1um, particles deposition in the room
declines by about 15%, because of the
decreasing intensity of Brownian excitation.
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Numerical Investigation of Particle
Deposition in a Room Using Large Eddy
Simulation Based on Lattice
Boltzmann Method

Hassan Sajjadi', Mazyar Salmanzadeh?,
Goodarz Ahmadi’, Saeid Jafari*

1. Introduction

People spend more than 85% of their time indoor;
therefore, indoor air quality (IAQ) has been receiving
increasing attention. The lattice Boltzmann method
(LBM) is a powerful numerical technique for simulating
flows in indoor environment. In comparison with
traditional CFD methods, the advantages of LBM are: 1)
simple calculation procedure, ii) simple implementation
procedure for parallel computation, iii) simplicity for
application to complex geometries and etc. Investigating
particle dispersion and deposition in indoor environment
and in turbulent flows is very important and the Large
Eddy Simulation (LES) model is one of the proper
models for simulating particle transport and deposition
in turbulent flows.

The main aim of this paper is investigating the
deposition of particles with diameters of 10nm to 10pum
on the walls of a modeled room using the LES-LBM.
Also, the effects of various forces such as drag force,
Brownian force, and buoyancy force are investigated.

2. MRT Lattice Boltzmann method with LES model
In this study the Multi Relaxation Time (MRT) LBM
with D3Q19 model as shown schematically in Figure 1
is used for the 3D flow simulation of the airflow in the
room. To improve the modeling of the sub-grid scales,
the SISM (Shear Improved Smagorensky Model) was
proposed to resolve the fluctuating velocities. Various
forces such as drag force, the buoyancy force, and the
Brownian force are considered in the simulation of
particle motions. Lift forces that are comparatively small
are neglected.
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Fig. 1. The discrete velocity vectors for D3Q19.
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3. Results and Discussion

To simulate the particle dispersion and deposition in the
room, four sizes of particles (10 nm, 100 nm, 1 pm, and
10 um) were investigated and a total of 86400 particles
were injected into the flow. Two different boundary
conditions (BC) for the interaction of the particles with
the walls were considered. One was the reflect BC that
assumes that when a particle collides with a wall, it
bounces back with a coefficient of restitution of 1. The
second was the trap BC that implied when the distance
of particle center from the wall is less than its radius the
particle is deposited on the wall.

Figure 2 compares the number of suspended 1 pm
particles in the room for the trap and reflect boundary
conditions. It is obvious that the number of suspended
particle rises with time until t=100s when the injection
stops, and then the number of particles declines
gradually.

80 -

60

40

——— MRT-LBM-LES SISM with trap BC
h reflect BC

Number of suspended particles (1000)

1 L n I
80 100 120 140 160
Time (s)

Fig. 2. Comparison of the number of suspended 1 pm
particles in the room.

Figure 3 shows the comparison of the number of
suspended particles of various sizes for trap BC. It is
seen that the number of suspended 10 um particles is
less than other sizes because gravitational sedimentation
effects.

Concentration contours of 1um particles at time 130s
at the midsection of the room is shown in Figure 4. It is
seen that at this time, most of the particles follow the
airflow field and move to the left side of the room. Also
the particles in this low velocity region do not reach the
outlet at this time and remain suspended in the air or are
deposited on the wall. Therefore, the concentration on
the left side of the room enhances.
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Fig. 3. Comparison of the number of suspended particles of
different sizes in the room.
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Example 2.- Semi truncated cone

The aim of this example, further to showing the
capability and performance of the method, is to study
the effect of the number of integration Gauss quadrature
points. The geometry, loading and boundary conditions
are illustrated in Figure 4. This problem is solved by
using three different cases where 27, 64, 216 Gauss
integration points are used. The obtained results are
depicted in Figure 5.

Fig. 4. Problem definition of semi truncated cone

(b)

(©)

Fig. 5. Contours of 1y, for different, (a) 27, (b) 64, and (c) 216,
Gauss integration points

Example 3- Bent plate

Besides demonstrating the performance of the method,
the study of the number of load increments is the goal of
this example. The geometry, loading and boundary
conditions are illustrated in Figure 6. This problem is
solved by using different numbers of load increments:

10, 20, 50, and 100. The obtained results are shown in
Figure 7.

Fig. 6. Problem definition of bent plate
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Fig. 7. Vertical displacement of the loaded point with different
load increments

4. Conclusion

This paper aimed at the derivation of formulation and
solution for nonlinear compressible elastic problems,
known as compressible hyperelasticity, by the
isogeometric analysis method. For this purpose, an
algorithm was devised and by the linearization of
governing equations the discretized equilibrium
equations were obtained and the matrix of coefficients
was derived by using the isogeometric concept. Then,
the obtained results by the proposed method for
compressible hyperelastic materials were compared with
finite elements. Due to having large deformations in
these kinds of problems, in the finite element method,
apart from the need for remeshings in some problems, a
relatively large number of elements are required that
results in a large system of equations with high
computational cost. In the isogeometric analysis method,
by using the B-Spline and NURBS (Non-Uniform
Rational B-Spline) basis functions that offer a good
flexibility in geometrical modeling, need for remeshings
is circumvented to a large extent. It is shown in this
paper that in this approach, besides achieving good
quality results, a smaller system of equations is obtained
that reduces the computational cost. Also, the effects of
the number of Gauss integration points, as well as the
number of load increments, on the convergence of the
solution are studied. The results indicate that for
compressible hyperelastic materials, the final solution is
independent of the manner in which the load increments
are applied, and also the best choice of gauss integration
point with quadratic basis functions is 64, four by four
by four, Gauss points.
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The Solution of Nonlinear Compressible
Hyperelastic Problems by the Isogeometric
Analysis Method

Mehdi Ardiani', Behrooz Hassaniz, Mehdi Tavakkoli3,

1. Introduction

Nonlinear behavior of materials, in both manufacturing
and working environments is needed to be considered
for optimal designing of engineering components. This
can be achieved by numerical formulation and
simulation of the governing equations that requires a
good understanding of both theoretical background and
associated computer solution techniques.

This paper aimed at the derivation of formulation and
solution for nonlinear compressible elastic problems,
known as compressible hyperelasticity, by the
isogeometric analysis method. For this purpose, an
algorithm is devised and by the linearization of
governing equations, the discretized equilibrium
equations are obtained. The matrix of coefficients is
derived by using the isogeometric concept. Then, the
obtained results by the proposed method for
compressible hyperelastic materials is compared with
the finite element method. Moreover, the effects of the
number of Gauss integration points, as well as the
number of load increments, on the convergence of the
solution are studied.

2. Isogeometric Analysis in Compressible
Hyperelasticity
The equilibrium equation in elasticity problems, both
linear and nonlinear, is derived in terms of stresses
inside the body. These stresses result from the
deformation of material and it is necessary to express
them in terms of deformation. These relationships,
known as constitutive equations are established in the
context of compressible hyperelastic materials, whereby
stresses are derived from a stored elastic energy
function. The relationship between stresses and stored
elastic energy function is nonlinear and can be linearized
within a potential Newton-Raphson solution process.
Moreover, the virtual work representation of the
equilibrium equation presented is nonlinear with respect
to the geometry. Hence, for a given material and loading
conditions, the equilibrium equation is linearized and
then discretized.

The discretization is established in the initial
configuration to interpolate the initial geometry in terms
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of the control points and NURBS shape functions (Non
Uniform Rational B-splines) in the framework of
isogeometric analysis. The NURBS’ basis functions are
also employed for the purpose of approximation which
plays a similar role as the shape functions in the finite
element method. For construction of the solution
surfaces for displacement components, choosing the
position of the control points, an extra displacement
component value is associated to them to be determined.
Note that the mentioned imaginary surfaces belong to a
space with an extra dimension with respect to the
physical space where the domain of the problem has
been defined.

3. Numerical Examples

In this section, to demonstrate the performance of the
method, three examples including a 3D cantilever beam,
a truncated cone and a bent thick plate problem is
solved. Also, effects of the number of Gauss integration
points and the number of load increments are studied.

Example 1. Three Dimensional Cantilever beam

The aim of this example is to compare the results of
FEM and IGA. The geometry, loading, and boundary
conditions for this example are illustrated in Figure 1
and the obtained results are depicted in Figures 2 and 3.

(a) (b)

Fig. 2. Deformed shape and displacement contours in z direction
for the IGA (left) and FEM (right)
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Fig. 3. Displacement in z direction of the end points
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3. Results and Discussion
To validate the proposed solution, the linear natural

frequency of an MEE plate which is obtained from the
present work has been compared with the related works
and showed in Table (1-4).

Table 1. Comparison of normalized natural frequencies

® = W@/ Po,,,./Ci1,,,, Of an isotropic square plate with effective
elastic properties B Phase only

(m,n)
method
(END) 2.2 (1,2) (LD
7.160 6.226 4.559 2.397 present work
6.895 6.561 4.683 2.399 HSDT [7]

Table 2. Comparison of normalized natural frequencies

® = Wo@/Po,../Ci1,,, Of an isotropic square plate with effective
elastic properties C Phase only

(m,n)
method
(3.1 (2.2) (1,2) (1.1
5.690 5.215 3.884 2.072 present work
6.009 5.196 3.834 2.065 HSDT [7]

Table 3. Comparison of normalized natural frequencies
® = W@/ P,/ Ci1,,, Of an isotropic Electro-elastic square plate

(m,n)
method
(3.1 (2,2) (1,2) (1,1
7.178 6.235 4.568 2.323 present work
6.916 6.505 4.639 2.404 HSDT [7]

Table 4. Comparison of normalized natural frequencies
W = woa,/py /Cyq,  of an isotropic Magneto —elastic square plate

(m,n)
method
(3.1 2.2) (1,2 (1,1)
5.974 5.220 3.892 2.760 present work
6.011 5.198 3.836 2.667 HSDT [7]

4. Nonlinear Forced Vibration Analysis
By using multiple time scales method and introducing

detuning parameter o as a quantity for deviation of
excitation frequency () from linear frequency w, , forced
vibration analysis of the system in primary and
Secondary resonance case have been investigated.
The stable state response in the primary resonance is
presented as follow:
9azwh — 10a3 + 11, a,0f — afwg ?

2
r?—Ac| r? = 2 &)
24wk 4w}

Figure 2 shows the amplitude of the response as a
function of amplitude of the excitation for several
detuning parameter. For curvilinear values of the
detuning parameter, the curves are initially tangent.
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Fig. 2. Amplitude of the response as a function of amplitude of the
excitation for several detuning

In Figure 3 the frequency-response curve is shown for
two different excitation amplitude ranges. When the
amplitude of the excitation increases, the response-
frequency curve shifts from the axis =0 and goes
upwards.
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Fig. 3. Frequency-response curves for primary resonances- effect
of amplitude of excitation

5. Conclusion

In this paper, nonlinear force vibrations of
a functionally graded magneto-electro-elastic plate is
investigated based on the third order shear deformation
plate theory along with Lindeshtot-Poincare method and
multiple time scales method. Several examples are given
to validate the proposed solution and to investigate the
effects of some parameters on the force vibration
response of this plate.
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Nonlinear Force Vibration of Functionally
Graded Magneto-Electro-Elastic
Rectangular Plate Based on the Third
Order Shear Deformation Theory

Ramin Mantashlool, Alireza Shooshtari’

1. Introduction

In recent years, magneto-electro-elastic (MEE) materials
have been the topic of many researches due to their
ability to convert electrical, magnetic, and mechanical
energy forms to each other. In this purpose, several
researches around free and forced vibration of magneto-
electro-elastic rectangular plates based on different
theory of plates have been done. Also, the linear and
nonlinear vibration had been considered for pure or
layered MEE plates.

In this paper, the effects of several parameters on the
nonlinear force vibration of a functionally graded
magnetoelectro-elastic plate is investigated based on the
Third Order Shear Deformation (TSDT) plate theory in
conjunction with single-mode Galerkin and Lindeshtod-
Poincare method.

2. Modelling the problem
Constitutive equations of a magneto-electro-elastic
material are as follow:

[g(z)u 2(2)12 8 8 8 ]
z z
c =| (0)21 (O)zz @ 0 0 |
0 0 0 C@s 0
L o 0 0 0 C@esl
[ 8 g e(2)31] [ 8 8 6(2)31]
e(z e(z
e = 0 e(z)24 (0)32 ,q = 0 e(z)u (0)32
e(2)1s 0 0 e(2)1s 0 0
L 0 0 0 L 0 0 0 J
€(2)11 0 0 w(2)11 0 0
€= 0 €(2)22 0 |Lu= 0 w(2)22 0
} 0 0 €(2)33] | 0 0 w(2)s3
d(z)1, 0 0
d= 0 d(2),, 0 )
0 0 d(2)35

where Cjj, €3, qs;, M33, dis3, and ps3 are stiffness
coefficient, piezoelectric, piezomagnetic, dielectric,
magneto-electric, and magnetic permeability constants,
respectively. o;, D,, v, and B, denote stress, electric
potential, electric displacement along z-axis, magnetic
potential, and magnetic flux density along z-axis,
respectively. The plate is CoFe,Oy4-rich at z=+h/2 and
BaTiO;-rich at z=-h/2, and the material vary along the
Z-axis.

where p is a non-negative real number and B denotes the
Corresponding author, piezoelectric phase.
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Fig. 1. Distribution of the volume fraction V during thickness for
different values of the power law index P

Volume fraction of the piezoelectric phase (i.e.,
BaTiO;) based on the power law is determined by:

p
V= (E2) for0<z<+h )
Ve+V,=1 3)
Pesr = PgVp + PcV¢ 4)

Equations of motion of a Functionally Graded
Magnetoelectro Elastic Plate (FGMME) based on the
third order shear deformation theory are expressed by:

Nyxx + Nyyy = Iotig e + (I = c113) Py e — C1lsWo e (5-2)
Nyy.y + ny.x = lgvoee + (I — C1I3)¢’y.tt — I3y (5-b)

(Nyy-y + nyAX)WO-y + (Nexx + Nuyy)Wox + NyyWo yy
+NxxW0.xx +c (Pxx.xx + ny.xy + Pyy.yy)
+(Qx.x - CZRx.x) + (Qy.y - CzRy.y) + q: (5'0)
= IgWo.ee — 716 Wo rexx + Wo ptax)
+eils (g + Vo) + 0 (s — Cllé)(q)x.xtt + ‘Py,ytt)

Mxx.x + Mxy.y - Cl(Pxx.x + ny.y) + (Qx - CZRx)
= —cy(Iy = e Ie)Woee + (L — 2010y + 6 P (5-¢)
+(Iy — crl3)ug s

Myyy + Myyr = €1(Pyyy + Poyx) +(Qy — ©2R))
= —c; (I — cIIWoyee + (I — 2¢1 1, + C1216)(Py,tt (5-H
+(I; = c113)vo

Assuming the simply support boundary condition in
all edge of the plate and using the following shape
functions which satisfy the boundary condition (a =
nn/as = mnr/):
and then substituting in Eq. (6) and finally applying the
Galerkin method on the resulting equations, one can
obtain equation 7:

It is seen that this equation includes quadratic and
qubic nonlinearity terms, which in non-dimensional
form can be written as equation 8:



Mahmoud Shariati, Amin Saber, Kamal Kolasabgiani, Hadi Golmakani

cutout position on the ratcheting behavior of cubic shells
is investigated. Figure 3 shows the results of the position
of cutout on the ratcheting behavior of cubic shells
under pure torsional load.

4. Finite element method results

The results of finite element method using ABAQUS
software for predicting the ratcheting behavior of cubic
shells under pure torsional loading was in good
agreement with the experimental results. For example
Figure 4 shows the comparison of ratcheting angle
predicted by FEM with experimental results.
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Fig. 3. Ratcheting angle vs. number of cycles for cubic shell with
circular cutout in different positions
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Fig. 4. Comparison of experimental results with finite element
method of ratcheting angle for cubic shell under torsional loading
with amplitude of 204N.m and mean magnitude of 34N.m

Figure 5 compares experimental and FEM results for
deformation of cubic shell with circular cutout with
diameter of 8mm in symmetric torque-control condition
with amplitude of 170N.m and mean magnitude of
34N.m.

As shown in Figure 5, it can be concluded that using a
nonlinear isotropic/kinematic (combined) hardening
model can simulate deformation of cubic shells under
pure torsion loading conditions.

S, Tresca
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+1.713e+08
+1.461e+08
+1.209e+08
+9.567e+07
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(b)

Fig. 5. Deformation in cubic shell with circular cutout with
diameter of 8mm in symmetric torque-control condition with
amplitude of 170N.m and mean magnitude of 34N.m. a)
Experimental result, b) Numerical result

5. Conclusion

1- Increasing in torsion amplitude magnitude
causes an increase in ratcheting angle of cubic
shells.

2-  Experiments and finite element method results
show that finite element method using a
nonlinear  isotropic/kinematic ~ (combined)
hardening model is able to predict ratcheting
behavior of cubic shell with a good agreement
with the experimental results.

3-  Due to larger shear stresses around the cutout in
cubic shell with larger cutout, ratcheting angle
and its rate become larger and transition point
will occur sooner.

4- Cubic shells under pure torsion loading in
angle-control  conditions show  softening
behavior and it was shown that in such a this
conditions, there are three regions such as
incubation, transition and steady-state.



Journal of Applied and Computational Sciences in mechanics, Vol. 30, No. 2, 2019.

The Investigation of Cyclic Behavior of
SS316L Cubic Shells under Pure
Torsional Load

Mahmoud Shariati', Amin Saber?,
Kamal Kolasabgiani’, Hadi Golmakani®

1. Introduction

Cylindrical and cubic shells are frequently used in the
manufacturing of aircrafts, missiles, boilers, pipelines,
automobiles, and some submarine structures because of
their excellent properties, such as high strength and
stiffness, light weight, and excellent loading-carrying
efficiency.

In this paper, cubic shells were placed under torque-
control and angle of torsion-control cyclic pure torsional
loading and the effect of amplitude torque, angle of
torsion and softening are investigated. The results
obtained in this study are very useful to understand the
cyclic behavior of cubic shells under pure torsional
loading. Additionally, a finite element analysis with the
nonlinear isotropic/kinematic hardening model is used to
compare numerical results with those obtained from
experimental set-up.

2. Material and Procedures

In this study cubic shells are made from SS316L with
cubic cross section. The length and thickness of cross
section are 30mm and 0.9mm, respectively. The
experimental device used in this study was a 250 kN
servo hydraulics INSTRON 8802 machine. In order to
perform cyclic pure torsional load on cubic shells, a
fixture is needed. It is able to apply a couple force in
reciprocating directions that only impose a cyclic
torsional torque on the free end of the shells. This kind
of loading causes the rotation of shells around its axis
(Figure 1).

3. Finite element method

The numerical simulation was carried out using the
ABAQUS finite element software. In order to analyze
the cubic shells which was subjected to cyclic torsional
loading, a nonlinear isotropic/kinematic (combined)
hardening model was used. When temperature and field
variable dependencies are omitted, the kinematic
hardening component is as follows:
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Ferdowsi  University of Mashhad, Mashhad, Iran.
Mshariati44@um.ac.ir

2- M.Sc. Student, Department of Mechanical Engineering,
Ferdowsi University of Mashhad, Mashhad, Iran.

3- Ph.D. Student, Department of Mechanical Engineering,
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1 o 1 '
In order to improve this equation, a nonlinear term

was added to equation 1, so we can rewrite equation 1 as
below:

1 1, ,
o= CE(O-” - Olij)s - ]/Olijs + ECQ’U ( )

TN
4 Apparatus Column

/

Fixed Clamp

Rigid Plates

Loadcell

Fig. 1. Pure torsional loading fixture

The isotropic hardening behavior of the models
defines the evolution of the current yield surface as a
function of the equivalent plastic strain &,. This
evolution can be introduced by using the simple
exponential law in Eq. (3):

0° =6, + Q. (1 - e—bé’“) 3)

4. Experimental Results

Figure 3 shows the ratcheting angle of cubic shell under
pure torsional load with different torsion amplitude and
constant mean torsion load.
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Fig. 2. Ratcheting angle vs. number of cycles for cubic shell with
circular cutout in different positions

Results show that the ratcheting angle of cubic shells
increases when torsion amplitude rises. The effect of
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The Effect of Interatomic Potential
Function on Nanometric Machining of
Single Crystal Silicon

Seyyed Nader Ameli Kalkhoran' , Mehrdad Vahdati*

1. Introduction

Nowadays, silicon is widely used for producing ultra-
precision components. Nanometric machining is an
advanced process for fabrication of such highly accurate
optical elements. With this method, ductile mode
machining of brittle materials, such as silicon, is
feasible. Due to the fact that experimental tests have
some limitations, Molecular Dynamics (MD) simulation
has been turned to a promising method for investigating
in this area. The proper definition of the interaction
between particles, which is defined by the potential
function, is a key factor in a reliable MD investigation.
In this paper, the effect of Tersoff, Stillinger-Weber, and
Morse potential function on MD simulation results of
nanometric machining process is examined. To this end,
other machining parameters such as workpiece
dimensions and tool geometry are considered constant in
all simulations. The evolution of atom structure,
workpiece temperature, machining forces, and energies
are the outputs that are studied.

2. MD Simulation Method

The workpiece used in this research is a monocrystalline
silicon with a diamond cubic crystal structure and an
initial temperature of 293 K (Fig. 1). Three different
zones are defined in the workpiece: Newtonian,
thermostat, and fixed. Due to the high wear resistance in
the diamond tool during the machining process, the tool
is considered as a rigid body. Besides, all of the system
was subjected to 2 steps of minimization and 1 step of
equilibration for perfect locating of atoms. MD
simulations were conducted by LAMMPS software.
OVITO software was used for visualization.

Thermostat atoms [l Rigid tool atoms [ENENN
B Newtonian atoms F 5000

Fixed atoms

Fig. 1. Schematic of the MD Simulation model
(workpiece and tool).
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3. Results and Discussion

The effect of potential function on chip formation

Due to the features of Tersoff potential function in
describing the elastic properties, tool advancement leads
to distortion in the surface particles (Fig. 2.a&Db).
However, the application of the Morse potential function
in the description of the tool-workpiece interactions
(Fig. 2.a) results in segmented chips and brittle mode
machining. It is due to the elimination of the many-body
interatomic term between the workpiece and tool
particles. As demonstrated in Fig. 2.c, using Stillinger-
Weber potential function causes less atomic distortions
and better surface roughness. The reason is providing
higher yield stress in this potential function.

The effect of potential function on temperature evolution
The workpiece temperature evolution in all situations
are always incremental (Fig. 3). This can be explained
by the presence of friction, increasing the kinetic energy
as well as entering the machining-induced heat into the
workpiece. Nevertheless, it is seen that the potential
function which describes the interaction between tool
and workpiece has a greater effect on the temperature
changes.

Fig. 2. The effect of potential function on the evolution of
atom structure after 30nm tool advancement
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Effects of the strip thickness on the twist angle and
the effective torque are shown in Figure 6. It is observed
that with the increase of the strip thickness, the twist
angle decreases while the effective torque increases.
Therefore, the effect of the torsional stiffness is higher
than the influence of the effective torque and the twist
angel decreases with the strip thickness.

o 3000
—— Tuwist Angle

— & — Torque

6-30"

i
g
g
S

Effective Torgue (N oum)

a=15 mm
=10 mm

w=20 mm
1000

Tovist Angle (deg)

o=172MPa ,*
*

o+ + 0
o 0.3 1 15 2 25

Strip Thickness (mm)

Fig. 6. Effects of the strip thickness on the twist angle and the
effective torque

5. Effect of the web width

The web width effects on the longitudinal bow and
average strain are shown in Figure 7. It is observed that
the web width has no significant effect on the
longitudinal bow height and the average of residual
strains.
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Fig. 7. Effects of the web width on the longitudinal bow height and
the average strain.

The web width effects on the twist angle and the
effective torque are shown in Figure 8. According to
Figure 8, opposite to the effective torque, the twist angle
decreases with the web width. Therefore, the influence
of the torsional stiffness is higher than that of the
effective torque on the twist angel when the width of
web increases.
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Fig. 8. Effects of the web width on the twist angle and the effective
torque

6. Effect of the flange width
The effects of the long flange width on the longitudinal
bow and the average strain are shown in Figure 9. It is

observed that both longitudinal bow height and average
strain decrease with the increase of the long flange
width.
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Fig. 9. Effects of the flanges width on the longitudinal bow height
and the average of residual strains

The long flange width effects on the twist angle and
the effective torque are shown in Figure 10. It is
observed that both effective torque and twist angle
increase with the increase of the long flange width.
Therefore, the influence of the effective torque on the
twist angel is higher than that of the torsional stiffness
when the width of flange increases.
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Fig. 10. Effects of the flanges width on the twist angle and the
effective torque

7. Conclusion

This study investigated common defects occur in roll
formed asymmetrical channels. Finite element analysis
was employed to study effects of the strip thickness, the
web width, and the flange width on defects during the
forming process. Finite element results were verified by
comparison with the results of experiments performed
on an industrial roll forming machine. The main
achievements of this study are as follows:

1-  While roll-forming the asymmetrical-channel
sections, the strip is not deformed symmetrically and the
long flange edge comes into contact with the roll before
the short one. Therefore, the force is applied to the long
flange before the short one while a larger force is
applied to the long flange compared to the short one.
This asymmetrical application of forces to the flanges
results in a torsional torque which may lead to a twist
distortion from the long flange toward the short one.

2- The twist angle decreases with the increase of the
strip thickness, decrease of the long flange width, or
increase of the web width for the studied asymmetrical
channel sections.

3. Variations of the longitudinal bow height are similar
to average residual longitudinal strains of both flange
edges. So, it can be used as a criterion to assess the
longitudinal bow.
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Geometry Effects of Asymmetrical Channel
Sections on Common Defects in the Roll
Forming Process

Yaser Tajik', Hasan Moslemi Naeini’,
Roohollah Azizi Tafti’, Davood Akbari, Mehdi Kasaei’

1. Introduction

Roll-forming is the process of continuously shaping
strips by means of a series of progressive forming rolls
in order to achieve a required cross-section (Figure 1).

gl
Fig. 1. A schematic of a roll-forming process

Roll-forming processes are often used to manufacture
thin-walled products. They can be used to satisfy
industry demand for products with asymmetrical-
channel sections. In Figure 2, an asymmetrical-channel
section with its dimensional characteristics is shown.

N

K

Fig. 2. An asymmetrical-channel section

Twist and longitudinal bow which are common
defects in roll-formed asymmetrical channel sections
affect the appearance and functionality of the product.
Therefore, it is very important to understand the reason
of occurring these defects and knowing the influence of
effective variables on them. In this study, the common
defects of asymmetrical channel sections were studied
by finite element analysis. Effects of the geometrical
properties were investigated on the above defects. Some
experiments were performed on an industrial roll-
forming machine to verify the accuracy of the finite
element model. The finite element results showed that
with the increase of the strip thickness, the longitudinal
bow initially increases and then decreases. Furthermore,
the increase of the flange width decreases the
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longitudinal bow. However, the web width has no
significant effect on the longitudinal bow. Moreover, the
average residual longitudinal strains of both flange
edges can be used as a criterion to assess the
longitudinal bow; a higher average strain leads to a
higher bow. The twist angle decreases with the increase
of the strip thickness or the web width. However, the
twist angle increases with the increase of the flange
width.

2. Finite-element analysis

In order to investigate the occurrence of defects, the roll-
forming process was analyzed using the ABAQUS
finite-element package (version 6.13). A sensitivity
study was conducted to find the optimum mesh size
whose results were logically accurate and its
computational time was not too long. A roll-forming line
including two stands was modeled. The first stand with
cylindrical rolls was used to support the strip before
entering the second stand, whose rolls bent the strip to a
fold angle of 30° (Figure 3).

]
Distance between
stands (145 mm)

Fig. 3. The modeled roll-forming line with two stands

3. Experimental Details

In order to verify the finite-element model, some
experimental trials were performed. Afterwards, the
experimental-measurement results were compared with
the results of the finite-element analysis. The strips used
in the experiments were made of mild steel (St12) with
plastic true-stress—strain curves obtained by the standard
tensile test according to ASTM ES. Figure 4 illustrates
an industrial roll-forming machine used in the
experiments.

Ao

{ _ - CH—
Fig. 4. Roll-forming machine used in the experiments

4. Effect of the strip thickness

The strip thickness effects on the longitudinal bow and
average of residual strains on both flange edges are
shown in Figure 5. It is observed that with the increase
of the strip thickness, both longitudinal bow height and
the average strain increase initially and then decrease.
Therefore, in thin strips whose thickness is less than 1
mm, the influence of the plastic deformation of flange
edges is higher than the increase of the bending
stiffness.
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