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Free vibration of transversly functionally

o - -
Isa Ahmadi graded magneto-electro-elastic nanobeam with
Associate Professor,
Department of meshless method

Mechanical
Engineering,

University of Zanjan, Abstract: In this study, the free vibration of functionally graded magneto-electro-elastic

Zanjan (MEE) nanobeam is investigated by a meshless formulation. The nanobeam is considere

that to be made of Barium Titanate (BaTiO3) and Cobalt Iron Oxide (CoFe204) in which
the material properties of the magnetoelectroelastic nanobeam are functionally graded
through the thickness of the MEE nanobeam. The Timoshenko beam theory and the
nonlocal elasticity theory is used to model the behavior of the MEE nanobeam. The
governing equations of the MEE nanobeam are obtained using the Hamilton's principle.
A meshless formulation is developed to discretize the governing equations of the MEE
nanobeam to a system of ordinary differential equation in the time domain. Then the
natural frequencies of the MEE nanobeam are obtained and the effect of various
parameters is investigated.

Keywords: Free vibration, Meshless method, Nonlocal elasticity theory, Transversely
FG nanobeam, Magneto-electro-elastic material
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Determine the optimal position of the saddle
relative to center of the rotation of bicycle pedal
by modeling the cyclist's foot

Abstract: The lower limbs are one of the most important and essential organs in the
process of pushing a bicycle by an athlete. Therefore, understanding the biomechanical
mechanism of pedaling is particularly important. The most important joint involved in
the process of pushing a bicycle is the knee joint. The main goal of this research is to
evaluate the biomechanical lower limb of a cyclist. In this regard, the optimum position
of the bicycle saddle in relation to its stirrup was examined and determined in order to
exert the least amount of force on the knee. The cyclist's leg while pedaling was modeled
as a four-link mechanism. Kinematic and kinetic analysis was used to obtain forces and
torques on each member and joint. To solve the final equations, a numerical code was
used that was written by the authors of the article with the help of the MATLAB software.
The results show that the highest amount of force is applied to the athlete's knee at an
angle of 45 degrees and the lowest amount of force is at an angle of 81 degrees. With the
help of the numerical code of the present work, the horizontal and vertical distance of the
bicycle saddle can be calculated and adjusted for each athlete.

Keywords: Cycling, Four-link mechanism, Modeling, Optimal positioning,
Biomechanics
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Investigating the mechanical and biological
properties of cylindrical bioscaffolds made with
a 3D printer

Abstract: Today, the use of biological scaffolds in tissue engineering is being considered
in order to repair damaged tissues by creating a suitable substrate for the growth of cells in
the body of living organisms. These scaffolds should be able to deliver oxygen and brain
materials easily to the cells and also have mechanical properties appropriate to the target
tissue. The type of scaffold along with the shape and size of its porosity are among the
factors affecting these characteristics. Since square and rectangular scaffolds are not
suitable for circular damages, it is necessary to build cylindrical scaffolds with suitable
strength and porosity for these applications. In this study, the effect of the type and shape
of porosity on the mechanical and biological properties of cylindrical scaffolds has been
investigated. According to the results presented in previous researches, scaffolds with
concentric sinusoidal and circular porosity shapes and Kagome have better mechanical and
biological properties than orthogonal ones. By increasing the percentage of alginic acid
and graphene oxide to the tricalcium phosphate scaffold, the porosity and adhesion of cells
increases. By adding hydroxyapatite to the PCL scaffold, the modulus and bone formation
are improved compared to pure PCL.

Keywords: Bioscaffold, Tissue engineering, Mechanical properties, Biological properties,
Cylindrical scaffold, Porosity

azizitafti@yazd.ac.ir « Jos odinsgs”




Sle (pwidige 585

9 plotinl » (55UsS sl oo flenig slaiagh 59,0
30,8 axlllas (glailstol glocans s ,o Joke 0,

Sl plgs Y

D] wd plnil hSKan 5 Kusigd Lawsgs a5 dmghy o
L (PCL) 0S¥ plS b iz 3l lailginl olacanls
AR MLM )S)"rw-b Lglo).i\o 9 (S G dwlee 6'.@‘}7:.[7:3
Ve g 20 Sz b bay welee ol 0 a5 Jb o
JHZ 0 il Clr ep 6y sl Ojgoa Az
4,0 A0 5 F0 ao bl wolie &jgoa bay (pwsinn
6[&0,}“0 u)}.acb UBL».HO G;LM;Y (P g ‘)77.1.‘2.' )o acsls
D8 o2 89, 4z )0 o Galy b el bshas g 55 epe

O sy aus 5

(A

loyls
@
cabaie (sl 55 b (glalyial ~ il (glacomm fo ) S
Y] lopls —z 5 (qugiom o

S5 lzg,y g slogsS oo

doddlo —)

cEle Gln bl igens S gamae oy
OSan alls can s Gl Gl cwdige sl Canlo
o Sloe glp Gua il plem il Jdo 4 el
V] 058 sguzme S
S5 eSSl AU Sl gl a5 Sless
oLl 4 e bysesi 9 Su3gleily sla SonSs gl
O 3l S Ol Wem Wiz e 0edoe (i Jes
Ol G Olgiees |y oged cnl Lol sl loys (sla st
Sl (gwiige Cedls I Sl panlds g lacal Sl n

Slsl @l @byl ol o a5 conl (gland )y arey S
o5 el Sl g [¥] S50 Lz il § Laslasl
Sl IS 6 Jelse 5 )l (59, sladsbe coels Jol
@ Cumd F % g Jadyongrie 59,59 03] Sl W,
@ Syl slaais 5 bewwl Gy sly (>l Jes
b el 5 0l SarsS el 45 (65 l50 o [¥] 5,00 slas
O b e Sy alBloe @y (35 995 e (glslog>
b 3o 5 3lujlog Cdil I slagali o (Jl
Sl 5l 9590 55 Fge Sloyd slagty) 5 S $Ulex
1, el 4y bygrye SlSe Lolss 5 kils syl Canls [F]
ile) Gl b s sl by, ol ol b S oal 3
(55 L oy 57 b iy T3 ilulaz & 55 (6T I
Byl Gl J8lie Ll 5 (g lame y1 gogdome S aS
Gon il 1y olio oponl glacenyls il o
Samde Ol laghy, g sty b0l Wil
SRl w4 eadoly amas glacen)ls
Pl sigbign lyeinl § Bgpat (3luil j3 (s (lacams I
Sl xals by oogr Jodscie Jlaws e ls ool LV 4
ool asms Jasl 1) (gdse olge dulg o A pody A8l
azls sk 4 Jlasl sl cmslio zobiw b lacans
oyl i a1, oslie Jobo o, auilsn b axsly
Gilosl ln 1) el lad Wl oo caloly anan
i wb ol csle g (b o g [Al s sl o lgseal
5 Sl olyn daa Jlasl oges cblis o3l (el
JVV-] 0gd aid 3 L o sl s
slacun)ls gy 5 S elsm (ragh al jo
by b (owyp Selio s 5 walaiie sl Jodss b (slaslgn

3 fibre bonding
4 Gas foaming

Y4

I Melt moulding
2 Phase separation



VEY o000 5 0l jo g 05lads cpgus g (cur Lo

blgziinl ol (g )lons 5ladss L] ol Ken 5 5y,
el b osline slaa¥ 5l JSae ) slailgnl placen s
S wSle gamdn Klr SeSay Oglite sl SO LB 50
b mle g Wod iS5 iz )] (59, wwlsn basle
(F Sy aus

© O ¥ O

5 5% © His ()

— ST ~—- - e

5 s saddllas ) slailyinl slaca ls Sl 2y, T S
VY] o Sen

BN s [ s

a5 Kkkk n.s.
I Akkk l ’
a
2
=
® 3
<
=
w
o
2
a
g 15
a
£
=)
Q
- _ _ _
0 —_
80/20 70/30 60/40 60/40-GO
%TCP/AA
(h
kkkk *k %
1
200 ”
*kkk
©
o
2 150
w
>
e
3
s 100
w0
c
3
2 50
0 - — — —
80/20 70/30 60/40 60/40-GO
%TCP/AA
(<)

Sl s Sb Jadw mo (5 )Lid plSowinl -l 0SS
Gl slos,s sl jeabe o S Lals o slaslgl
[\Y] TCP/AA osle

o Y gl oBaST flaie & Y ja dacaw ls ol yo

Sl (g 425

5 Swilfe 8,80ee Dol 4 J5d5S sy a5 ol )
KU PCII S P URU KT UUNOR N PACIUNS g
AU NSV NPEER SRTRSNIE T JNRIEE
3l PSS eS AS Wide yieg S ¢ /FA Jdlie lawgie ojlusl (slylo
Slopls Gla Jxdzs [0 A8l o3lsl) g oo Jodsd IS 40
Lognlplo (390 yag S <OV g /00 ol ity (gwgiom 5
st Jshos 5, 5T s 5 S8lis ol sl 51 5l
b prace Lo 4 w0l saalice Calo jo cllS oloj 5o
PVIRVAPE P E a1

5 Glopls 5l sla IS () 5 (V) la IS 4 a9 b
2 Sogrbst pley yo 4z g SaS Ll 0 ax cwgin
ile <ol 4 Jala ol aS (PBSY) oyl lad [8L Jolee
Aol el Hludl oy bals alie 5 WS oSS Ph
5,10 delaie JolS 4y S 65Vl S g 5 5Le8

209 O () et

16+ EEE (obelslal
© 16
Q. B ) s
S 14 s
2 - [E T S e P
o . By
b= 5 [ (T P Pl
» 10+ )i
2 ] mmE Pl
) 4
» 7 &
(V] 6 r.ov
S 2o Dt

Lt
E 4 4 — ;'.{f-"'
S S Lo
O 4] P T
ATt
0+

0 5 10 15 20 25 30 35 40 45 SO 55 60 65 70 75 80 85
Compressive strain(mm/mm)
b syl glacunls (g,led (25,5 - S (o ¥ IS0
(VY] aeleio § (gt cslopls (sla sz

30_ I:I ,._g| ug_b
[ e
[ e

Young's Modulus (MPa)

Dry Wet

(Slopls ool b slaslgiw! slacun )l Kb Jaao ¥ S

! Phosphate buffered saline



Sl (oo 85

slsie 5 Jlgenl zbaw TCP 3525 s s PLLA+TCP30

AV ISy asls
ﬁ
S
ﬁ
)
¢
& PLLA TCP PLLA/TCP J

PLLA PLLA/TCP10 PLLA/TCP30

‘SLQM )l o».\..m.:l? Lgl.bwa)‘d )‘ SEM ).:51.\4: Y JS.m
[V¥] PLLA/TCP30 , PLLA/TCP10 PLLA

s PLLA/ITCPI0 PLLA locau s o ki Joos

Ozl (g lad Jaae L b ol (5 ,u50;lal PLLA/TCP30
S 50 0l dnlie Cul JWLKS FO - a5 ludl desrex
Al SasY T L canls glad Jgae oS
5 PLLA/ITCP10 slacuw)ls sl JSubKe YOAZY Y
s pay) wols las |y 6 5 s (5,Lid Jgae PLLA/TCP30
als Hlas ool cpl oz o (JSKWLEL YFAEHY 4 F- 7Y -
Lol cams g0 iol3dl 1) PLLA cg)ls ,Llid Jgow TCP a5
O Cawd $FpS Hld Jguw p2 PLLA/TCP30 cow)ls

Sl il dezmes laseiunl

S5 lzs;y 5 slogsS e

HBlie 8ol S Spgonr Jahe Vo0 W)l 5 e e
Sl Aol o Jlss 4 b.glf,‘;.wg Ban b dwgnpdd

5 (TCP) wlawdpmdS sy I bwals (pl wm
Ple ) jshaie 4 el podle 09 (AA) Sy ol
P BCES IR (cTe) IR AV PINCIK NS ISR S 98
e S eyl i eSS olye (F)USE 0l ol
oo pls &ygon W Y aas o lis |y gamdw ol
Bad Dl o Fa (flad Ojgod Ly Y g 55 epa

4 eabgd 5 i Lauld s bacew s SlKe pls>
ON P19 e 5 Kb Jade 5 plSoiiul anslie jolaie
Sow 4 baws o G5l ln (O USS8) al bl oLl
Gl b alive Jgo cdale L SBF' Jgloma ;o el
S50 5,5 o PH g (ples Laulyd cow oS Ll (55
dind jeabod oy bara Sl eadigludnd omle Glsie 4

il oole aiz oS 5 b g LAl Wl se ol iz

S0 )0 aS 0dd gyt Cam I8 Sl iz Sl (GiRgT ol 5o
lag] )0 (AA) St llacl § (TCP) landendS (s 5 oS 5
> (TCPIAA = 80/20, 70/30, 60/40) el 055 glie
TCP/AA = 60/40 4 35 (GO) o3, TS e lyz Gl
el 00 a8l

GO sl slacan)ls yo g S5 S > 50
Jsoo 5 6,lid plSocl) bapy] SilSe _plss s oanliv
S0 S oe 5L K0 slacaw )l 4 cas (KL
wols Gl 1) 3l S s Syl iz dade )l
el a5 Wogs (ALP) 5l cland  JSIT codlad ol58l as 06 4
o5 sy GO (gol> TCPIAA slacuu,ls deds o
g (605,18 lesinl Cdly pwaige

oz 5l s Sl Syl D] ol Bes 5 099
ai Olysenl sl s TCP 5 (PLLA) sl S5V I Ly
5 oals %l b gl .ass,S eolaul Sloeinl i S j0
slalgial slacan,ls wlge oS5 o g Sledlbl LT
L yeihee )V gl 5 yiedhe & Lhd L PLLA/TCP
L egSen Vo Bl gojlil g asliie (glaJodos
JHS 5eSilee (F JS) aSla ) Ye 9V e (S5 slaas s
5 PLLA/TCP10 PLLA (sl i 5l oadiols glacan s
Ca)ls a5 Jb o 09 oy FY sgu> PLLA/TCP30
5 PLLA+TCP10 (slacens s il bl zshs PLLA

Al

! Simulated body filuid



VEY o000 5 0l jo g 05lads cpgus g (cur Lo

ssbolen dacanls (g5, (Saille (slagygesl plosl 5l
Golad plousl sl ouls ool lis () S o oS
s FYIVTEOAL iy 4 psSlS 5 welaie ol fidss
i Jgde  Huzee e JKLLE 09/40EY/49)
s VERYEVVAS iy 4 asSlS o asbeie ol Jidss
s e ol mls ol g JEWLEe YVVAREIV/VD
Salee JHBG 4 S (650 (Sl (plgS psS1S JolsS
Sl
Jlss UK b glailsial ol VY] o) Ken 5 Lo
5 PCL/HA PCLIPVAC PCL iz Lkz 3l |, dolais
ol bty S5l 5 Ws,S ol PCLIPVACHA
O0) K& wioged dmlie Juwj slaShy 9 SHe
Ao oo ol 1) PCLIPVACHA x> 5l ool can )l

:

]

!

)
]
:
)
h |
]
:
]

i ) delate 555 b oadoly s VeSS
[\v] PCL/PVAC/HA

408 Sln onde Sl Gule Sy lsie 4 PCL Sl g |
PCL o5 wo)S eolitul PCLIHA oS5 (glacem o
5 oSl HA 5 035 Can o sl Gilland b5 sl
sols Sy ey S jl PCL S o g L] e s
Sk 5l 50,8 sk b (grlio (S o5 conl 5,50
09381 (sl o ds sl 05l ] g 55 ety S0
13,15 3925 PCL s ls &y (PVAC) Slowl Jsg L
s gl |y POL s plo wgos] wlgi o PVAC -
sy Senge sk g lacry JLal
S5 AB @ Wlgi oo 9 009 by PVAC Cgd alass -Y
IS 5SS & (S0 5 camolin (glod 4 o

e

g 0%z JSO L (LA)lhn Cen )l S V] S 5 J
Pl wsls HI3 bl osse G JBIs jo ) a8 SIS
oS Cul a4l S gl polaiS] gamdn 2 S
o] o b caman Bl Seee slacsls a4 axgi L
09,5 SG plgre ) wslaie 5 5 poS slaxlon b glacns )l
395 PCL izl aman Sl S5 sl eslisal L) (s
(A JS8) wis S

P51 Comfo
P51 5 salaie oyl A S

Aoleito Casylo

[UTM compressive test (n=5) |
— 104
©
o |
S %k %k
ey I
a 1
c
E
& ¥
[}
2
v
0 404
£
a
£
o
O 30
. L
Grid Scaffold Kagome Scaffold
(A
250
[ Three point bending test (n=5) |
g 200 *kk 1
H 1
S
_: 150 = 1
o
]
=
oo 100
c
5 ]
s 1
o %0
0 ; T
Grid Scaffold Kagome Scaffold

(@)
L elaug) siws Jsow —o g g,lid alSounl -l 4 S
[V#] r:;lss doleie lo Joudzs

fY



Sl (oo 85

59 oddolml adi ;0 b, lo ¢ s ; slagyse;] plxl Cuys
KQR TS 99 IRV R JE VIS SEE CRUWRIEN PES W

PEEK/PVA oyl
(<l

Pt

‘U’é,f)’ Cawd oyl gziml

S PEEK/PVAIGO 2, j500lS (gliacous ls — il V) IS8
Cawd Q‘SM‘ B c..\.wul} ﬂ:&sﬁo\d—?}‘b 6J..\§4L‘> -9 PEEK/PVA

DA isf

CoseelS e PVAL 5B iy omyp sl

B ol ool 1,8 SBF Jeloe o o ,ls PEEK/PVA/GO
G PVA i ol s o a5 553 > 5 Bi> PVA 56
JSo 50 s el PEEK gl jo Jgs oo S i
a0 JBg oo S aS 55 sanliv ol oo (V)
5 S,k L (GO S35 7V l,ls) PEEK/PVA-1GO
PEEK/PVA- ¢ PEEK/IPVA lacus)ls 5l jesless
omli8l 5l plas oS s (GO g4 /07, l,ls) 0.5GO
39938 b ojls GO 40438l L PVA § PEEK 0 (5,55l
PV VR KL I - ISL SR WSS SR VAN F CTO I pta

v

S5 lzs;y 5 slogsS e

S oyre y3 (8518 Wl oo PVAC @ 55 Y
Colled g wisy Sgne PCL L aslie po 1) HA Jldcn
oo 1) b Jokw s

Sl Celd B9 5 iz g o] S5 o8
a5 wad oo i bl og sl wube letel g5kl
(Jodss s g ralS 1) o ls Sl sl PVAC
03,51 (V) Jgaz ;0 lacuws,ls Kb Jgae g (5,lad plSovinl
Shls bows ls gdon dix 2 a5 598 o cdplive el ouls
O 8, gl e VN L B VEN 5l polie Jedss
5 Gl el az ST o)ls sgzs bogl (Sl pls>
51 $pS PCLIPAVCHA  Sizaw cawls KL Jgoe
oels> 05905t 40 j9i Lol e PCL/HA g PCL (glacis,ls
©lasd ploaul) wijls 18 Ll manl Glegual (Sl
(el JEL Ko VF -V Y KL Jgoe 5 JSGLEe VY4 /A

lalS:L....u‘ cJ.’z.l:u » 6‘0).}"0 é‘L‘bw)‘é B ).sl s r \ Jjb
DV] o)l S3b Jgo 5 (sl

_ P S
‘&L’ JSM (R M)a [P KY
MPa S) o (20 ?)
(MPa) (MPa) S
723+114 11.9+157 76.1+0.32 PCL
266+19 39+028 749+067 PCL/PVAC
121%411 95+098 741+017  PCL/HA
555+154 63+086 74.2+054 PC"LPX Acl

L (PEEK) 0555 5151k oS5 b DAL ol Sem 5 S
o wle 1) (fujenls (gmls (PVA) IS us b
PVA 4> L6 s sty 325 5 PEEK Jle _SoilSoss: Lpols>
PEEK (ns cionds xbans digey ol ol b il oo L 1,
Sl sherd (Sl pls> 4 e GREPVA g byl
b Wisss sl el GO o538l il Jol> o
0 PEEK/PVA (glacens s ;3 PVA 3 PEEK o
Seillegn el slls (PEEK) (538 515l Ly 4z S
Collao (6,05 jlocns 5 5 Vb Kb Jgoe g plSorisl atile 553 5
S e cilin gl il 3,5 sl 1, o 4
Slp e 4 ol ol Grdces s SOl Ul
sk S PVA e e il ) 5 ok St
PR i, & Cul Cusgal Il
sy Caasyls PEEKIPVAIGO g j5ualS dgs 5l s 2ol
slaxls b GLS) ;3 b (bl (chor s gaman SOl



VEY o000 5 0l jo g 05lads cpgus g (cur Lo

Cagyle @ad oo oy (V) USS 0 a5 jebles
SrpS swsdol g YL Ol Lis ks ) PEEK/PVA/LIGO
PEEK/PVA M5 5 4 o,ls PEEK/PVA cas)ls & o

gl ;55 PBS o wilgs oo

B PEEK/PVA .
B reex/Pva/iGO
90 L
g
c
.2
=
[+] -
2 60
©
8
©
s
30
0
2h
(&h
94
e
@
oo
c
©
]
8
c
o
(%]
1
2
©
=
PEEK/PVA PEEK/PVA-1GO
(@)
30
£ 0f
i
E
.0
g 0|
0 i i i
7 14 21 28
Incubation time (day)
@

STl les gl 0 ol Qi oo il anlie VS
PEEK/PVA-1GO w5 55 s pives 56 - 5 (mssl)
[VA] PEEK/PVA ,

SlSe (puien & 585

L el GO sl (G5 seyd e 1) winl plo 035000
Al S5 a0, S5 B GO (0938l L (VYY) S &y a5

b oo BTN 5t 6l e 9 G386 )LeS Jgoe g

SBF LusS i 3l 3 SBF oS yi 5 o

1.5% GO 1% GO 0.5% GO 0% GO

2% GO

3 J8 PEEK/IPVA/GO slacs ls ;I SEM pglai VY S
[YA] SBFJbl’“’ BRI B B{en

40 24
B Strength

B Modulus i
0t # !

L1

Compressive strength (MPa)
l-c)
-
-

Compressive modulus (GPa)

0 0.5 1 1.5 2
GO content (%)

Slailginl glacun s g Lad Jgaw 5 plSoeinl VY S
[\A] PEEK/PVA-GO

A



Sl (oo 85

Ol CblS 51 VY 5 A slaaian (o 1) (slod S Sl

QY JSs) ols
[ | a5 | xa5 | x150 | x450

|60/40_GO 60/40 | 70/30 80/20

VY] GO oole (409358 s AA oole 5l suoyo ¥+

AL Canyls MG-63 L comnylo

PLLA PLLA/TCP10F’LLAfTCP30 PLLA F’ISLAfTCFHO PLLAITCP30

-

D,O'b
8 &g
DW @

Wb L“W)‘é P ek ) 5 ‘:wsﬁw rgai WY Jiw
[VF] MG-63 Jsko 5300 ¢ b ain

@ 255 @ (Sl pedlgiiul) MG-63 sl Jsle
bl @lyp el a8 g i PLLATCP cug)ls
el Cansls g S e was Glggaal LSis
22518 o bgn 10 demmas lyin] Laii s o PLLA/TCP
s
G glacun)ls oz L VO] G Ken 5 Jlaig>
2 5l 2 gledly b o] (155, 5 (VA JS) PCL
st ol ool s S 5 s b, 99 4 (PRP)
o9 ol aS el (Sap leys SO PRP LSS vy ) LmQT
S oo oolinl 28l (55lil 5 (639u0 4SS (sl Lo 095

S5 lzs;y 5 slogsS e
) ol =Y

2 ste 5l (Glonls 5 (o) welaiend sl il
adyls lacan )lo cpl o s sl o b ok sy o Sos
e delite JEl 4 Cand G Joke 5SS 4 g

OO UKo Wgds oo

BTPR4

39, YF

STTRR

wolate (gl 555 b Con )l das 45 Loy o SEM 5l 10 S
[\Y] 39) Y\ s.:d-o)b J}LAJWS)‘ o Lg‘o)g“oj‘s.»w

SEM jslas Jolog 5 4z L DIY] ohlSes 5 Ba
g oSy 5 JH (elidiSu; (owyp 4 o)l
osle oy ol L aszsl jo byl (VP USLS) szl oyl
ol ol 45 0l e tal3il Gl Jixlis GO 4331 5 AA
g el dede s & b Jsbo Sz ol

PLLAITCP o )ls ouype b [VF] LSen 5 (s
63l lgrcinl g Lo a5 PLLA Lol oy s 2335 sunlive
Con)lo Lol cams cod lid dazmes Glgeinl ala jo |,
Silolsmnl oS e MG-63 (sl Jskos L ol jom PLLA
a3 e Ol dezmex loFul @l (g5 4l o,
Osd PLLA+TCP30 5 PLLA+TCPI0 (clacayls
A G (G Slemtin] Sase dlge MG-63 sla Jolos
Olgtiawl  Sase slge o515 aisly lii ol 4 PLLA
sl L PLLA+TCP30 5 PLLA+TCPI0 (slacens,ls
O sl Sl S s BB b 4 MG-63
dormazr cloi S jsb 4 .09 MG-63 § TCP (sla Jskus
claas, MG-63 lojsls L PLLA+TCP30 Cawsls

Yo

I Platelet Rich Plasma



VEY o000 5 0l jo g 05lads cpgus g (cur Lo

Gk JIPRP L fols idgy LPCL e o casdllas ol 5o
5 oobol ol (0 S Sss s 5 ol 50 (5 y9abse
R 50 (g ) b daliie 5 ety S50 St G
A 0ols )18 Bee leseinl jo ouds ol
Sl a4 was o plas (V) S5 0 SEM pglas
5 Jlasl sl a5 ojls 5 Jodxine mhaw slessl b oads SLis
Se29 pas o ggee do a4 Lalls PCL cayjls po
sbad 5 ot ileplyil Gmsnl 5 (Sl ols>
s (Vo) Gl So & az g b el oo plgz (pl 0gu0 4o
PRP- slacan)ls b anslie jo a5 ©8,5 ass oles 0 (YY)
PRP- slace,ls « alls PCL slacan s L oo PCL
yobay (oilu ezl iulial el slesil b oud i PCL

RS I

80 ] @B sl Uows s PRP-PCL

B8 . PRP-PCL
BB A PRP-PCL

40 4

20 -

New bone formation rate (%)

2w 12w

Time (weeks)

PRP- . s PCL (gl lo 1o Jshoo ot jloges Y IS
VO] slezil b suisSas 4 2w PCL

Solrio o 1o
5855 o oo b slacany o jo Hlgsenl JSas VY S
[VF] oelae

£
PCL ;39 S A i ouh g 33 o 10

(VO] PCL iz 3l ouincias o S ylo VA S

sai S5 PRP -, PRP

x3000

PRP-PCL
T (g PRP-PCL

A PCL

2w

aw

8w

12w

S A -

Nl
Tkt ) :

e VY (b plesel JSas I SEM pyslas Y ISS
PRP-PCL 4 o PRP-PCL «_alls PCL (slacns s
[V0] slazs! b s S

\ia



Sle (pwidige 585

el 35 PCLIHA Ca)ls dy G 58 (S52 dow Syl 0
125 918 G s & PVAC (05581 4 15 oo | s (2
nl pogdle A o SaS G )lo cwgs] 4 PVAC ool
Syl (g 000 09 ey Wil o PVAC 252 3 o 55
SV Slp S mhe o ) PG ) Sl

a0 ol ceslie Gloteiul JSis g (Job

SN0 9 (§ a5z —F

L lalginl slacemls wd; 5 (Sl (olos casdllas (ol 5o
S onger &5 Sl 0l (g n (PSUSS Slge g U
4 5 Ojge @ OlFee ) et Slaiaghy 50 0ol )
5

28 sogi 9 Slopls JHZS L slailgiul slacunls -)
aisls las 6 YL (Sl Lelem cdnlain 4y o (Gl
Sle SEM Lwg lacawy)ls Gy (ow)p 53 O
S i U o s 3,Shae st i el
b ssalive )5 Lo ] 45 (65t 8l sls 5 3,10
Sl dy BT 0nST 39380 9 AA o3le o3 (al3I L =Y
SU | it A5 5 e b slpls JLSS L TCP
Lo S5s cnl a5 098 Jioee (SlSe (olss aSul (g w3 o
g dals> ko Joho (S sl n

caz 5 delte b L PLLA-TCP glopls comls Y
Slgedl Conls mhaw TCP jlade (Gl 3L Y & aY 6.5
5 TCP10 L locies o Lid oo cyuizpod b Jiklieie 4
D91 Yyt PLLA (alls cenlo 51 5lye 4 TCP30

idr b a8 o0 gy clre (2 5l AlS PCL s -F
0 ol LS5 el slazl b oad is PRP ol
Dgd o 4z Ll (F50

PCL-HA ol (sl #5515 5 Jpane aSicts by ks 43 -0
P Camplo ()Lad (P g (steS Joe o a3 )5 a3 5o
L Sl iz 39 (Jgene 450 5l S S e
o)y nl plo ol Glas e lyeial (plls, 0SS
OB Slsinl snnzm laalli sl Ol e 1) 2 S0
.\)ﬁ

L lailgwl PCL Caws,ls a5 HA g PVAC oolo y0438l L -#
ol O G Cepu g 50 oole Sy S slaie Jixlss
JJE T VRGN K V1 Fpp s Y | | PY- LIV PR L S0 o
e Jske 5 o,lid plSiul 4,51 PCL-PVAC-HA

03gawe 4o Lol 8,lo PCL-PVAC ¢ PCL Causylo g0 4y C

v

S5 lzs;y 5 slogsS e

L oolaw glocas)ls WS, L VF] o)\ Ken 5 J

O 3 Sloinl (all S5 5o elaie 5 551 S5 sla S

38,5 bl gile gl aan VE Dae j0 (S B SO

bl pS5 U5 Gl)ls Canyls VYY) K3 4 4z L

55 nlpln o5 moee Gl ) e iluglynd
25 )8 4 Sl oz all 6ln plge | 285

3'” T e ool
I PCL/HA
[ PCL/PVAcHA

()
il
i

(%]
=
i

=

MNew bone valume/total volume (%)

{| . | =
4 ) & 12
Time (weeks)
(<l
15
Bl LA i
L R —

Ced
=
1

&k

b
i
1

[
=
1

-
on
1

-
=
1

Mew Boane Area/Total Arvea (%)
on

=
L

4 8 12
Time (weeks)

(<)
—o o JS g 4 gl LSS e do o -Gl VY S
PCLIPAVC/HA (slacas s JS a4 sl LS25 won
[VV] wia \Y o s PCL/HA 4

P sal (g ole> adlas gl VY] o )Ken g L

L] jo 1) elacen)ls 5 0is,S sl gl ;o 1) (6 yonleo
aw b duslie ;o PCLIPAVCIHA Sizdns Gy ls aisls 113
ke iS5 PCL/HA 4 PCL/IPVAC PCL) 50 Cans)ls

O\PL’;....J‘ RN ‘CJ'.'.‘ yodle (VY JSK2) RER olad (5 g



VEY o000 5 0l jo g 05lads cpgus g (cur Lo

[7]J. M. Kemppainen and S. J. Hollister, "Differential
effects of designed scaffold permeability on
chondrogenesis by chondrocytes and bone marrow
stromal cells,” (in eng), Biomaterials, vol. 31, no. 2,
pp. 279-87, Jan 2010, doi:
https://doi.org/10.1016/j.biomaterials.2009.09.041.

[8] D. W. Hutmacher, "Scaffolds in tissue engineering
bone and cartilage," (in eng), Biomaterials, vol. 21,
no. 24, pp. 2529-43, Dec 2000, doi:
https://doi.org/10.1016/S0142-9612(00)00121-6.

[9]1 D. F. Williams, "The biomaterials conundrum in
tissue engineering,” (in eng), Tissue Eng Part A, vol.
20, no. 7-8, pp. 1129-31, Apr 2014, doi:
https://doi.org/10.1089/ten.tea.2013.0769.

[10] S.J. Hollister, "Porous scaffold design for tissue
engineering,” (in eng), Nat Mater, vol. 4, no. 7, pp.
518-24, Jul 2005, doi:
https://doi.org/10.1038/nmat142110.

[11] R.C. Duttaand A. K. Dutta, "Cell-interactive 3D-
scaffold; advances and applications,” (in eng),
Biotechnol Adv, vol. 27, no. 4, pp. 334-9, Jul-Aug
2009, doi:
https://doi.org/10.1016/j.biotechadv.2009.02.00210.

[12] D. R. Fonseca, R. Sobreiro-Almeida, P. C. Sol,
and N. M. Neves, "Development of non-orthogonal
3D-printed scaffolds to enhance their osteogenic
performance,” Biomaterials

[13] Science, 10.1039/C8BMO00073E vol. 6, no. 6, pp.
1569-1579, 2018, doi:
https://doi.org/10.1039/C8BMO00073E.

[14] J.C.Boga, S. P. Miguel, D. de Melo-Diogo, A. G.
Mendonca, R. O. Louro, and 1. J. Correia, "In vitro
characterization of 3D printed scaffolds aimed at
bone tissue regeneration," Colloids and Surfaces B:
Biointerfaces, vol. 165, pp. 207-218, 2018/05/01/
2018, doi:
https://doi.org/10.1016/j.colsurfb.2018.02.038.

[15] D. Y. Kwon et al., "Bone regeneration by means
of a three-dimensional printed scaffold in a rat cranial
defect,” (in eng), J Tissue Eng Regen Med, vol. 12,
no. 2, pp. 516-528, Feb 2018, doi:
https://doi.org/10.1002/term.2532.

[16] J. Li, M. Chen, X. Wei, Y. Hao, and J. Wang,
"Evaluation of 3D-Printed Polycaprolactone
Scaffolds Coated with Freeze-Dried Platelet-Rich
Plasma for Bone Regeneration,” (in eng), Materials
(Basel), vol. 10, no. 7, Jul 19 2017, doi:
https://doi.org/10.3390/mal0070831.

[17] S.-H. Lee et al., "Evaluation of mechanical
strength and bone regeneration ability of 3D printed
kagome-structure scaffold using rabbit calvarial
defect model,” (in eng), Mater Sci Eng C Mater Biol

Sl gudige & pE3

# Ol gl el R ol (il sl

o oslil g3l plyinl 5 il sloo 5
Sl )3l Sy 9 5 (Slegm olo> |yl PEEK -V
652,500 el el oS lganel Syl im0 1S 1 a5
o omlie oo 0y 5 Stz gl O o 55 poe 5
39 sa 43l PEEK 4 39a5 ol pez sl PVA 1l ol

L GO oole Q?.MJLSA u.cl.u oole 9o U"‘ O W Jaj.u Lol
e T3l b og ablol Wigey Caysi (gl pg oole g
dboe St Sy 9 S (olgr ey oL GO

aw oole |y (Siglgm 9 (Sl Hlai 5o Slee oy opl ol
A2 o lid 095> 5| PLLAIPVA/IGO i

&l =¥

[1]J. Li, M. Chen, X. Wei, Y. Hao, and J. Wang,
"Evaluation of 3D-Printed Polycaprolactone
Scaffolds Coated with Freeze-Dried Platelet-Rich
Plasma for Bone Regeneration," Materials, vol. 10,
no. 7, p. 831, 2017, doi:
https://doi.org/10.3390/mal0070831.

[2] J. P. Vacanti and R. Langer, "Tissue engineering: the
design and fabrication of living replacement devices
for surgical reconstruction and transplantation,” (in
eng), Lancet, vol. 354 Suppl 1, pp. Si32-4, Jul 1999,
doi: https://doi.org/10.1016/S0140-6736(99)90247-
7.

[B]A. Atala, F. K. Kasper, and A. G. Mikos,
"Engineering complex tissues," (in eng), Sci Transl
Med, vol. 4, no. 160, p. 160rv12, Nov 14 2012, doi:
https://doi.org/10.1126/scitransimed.3004890.

[4] D. F. Williams, "To engineer is to create: the link
between engineering and regeneration,” (in eng),
Trends Biotechnol, vol. 24, no. 1, pp. 4-8, Jan 2006,
doi: https://doi.org/10.1016/j.tibtech.2005.10.006.

[5] E. Sachlos and J. T. Czernuszka, "Making tissue
engineering scaffolds work. Review: the application
of solid freeform fabrication technology to the
production of tissue engineering scaffolds," (in eng),
Eur Cell Mater, vol. 5, pp. 29-39; discussion 39-40,
Jun 30 2003, doi:
https://doi.org/10.22203/ecm.v005a03.

[6] C. G. Jeong and S. J. Hollister, "A comparison of the
influence of material on in vitro cartilage tissue
engineering with PCL, PGS, and POC 3D scaffold
architecture seeded with chondrocytes,"
Biomaterials, vol. 31, no. 15, pp. 4304-4312,
2010/05/01/ 2010, doi:
https://doi.org/10.1016/j.biomaterials.2010.01.145.

A



Sle (pwidige 585

[19] P. Feng, J. Jia, S. Peng, W. Yang, S. Bin, and C.

¥

Shuai, "Graphene oxide-driven interfacial coupling in
laser 3D printed PEEK/PVA scaffolds for bone
regeneration,” Virtual and Physical Prototyping, vol.
15, pp. 1-16, 02/12 2020, doi:
https://doi.org/10.1080/17452759.2020.1719457.

S5 lzg,y g slogsS Gae

Appl, vol. 98, pp. 949-959, 2019/05// 2019, doi:
https://doi.org/10.1016/j.msec.2019.01.050.

[18] J. Ma et al., "Modification of 3D printed PCL

scaffolds by PVAc and HA to enhance
cytocompatibility and osteogenesis,” RSC Advances,
10.1039/C8RA06652C vol. 9, no. 10, pp. 5338-5346,
2019, doi: https://doi.org/10.1039/C8RA06652C.



O -0V axano NFY )9;).9(..:9 Q‘Q)A NOF tS’L" o)l.o...i} Ay c)l.o..':) JY 0,99 g_;.:.;&.c ‘s.u)..ﬁ.e’n M”).Qw
ISSN: 1605-9719 ol ] SeilSo oy Lwaigen cyomil sode 4y pid

DOI: https://doi.org/10.30506/mmep.2024.2013660.2138 ISME

Jelodi 3 S5 S 090 s Johoo b clsinl awsin gilw i R

6“3“‘)“‘&5“"’)”0“*’ GO Skt
(651 L ke
csmlin s

Cl Jolus s J2Is dtn ol g catinl o aslis agly s Glojen (03U pols dsdllas (o 00uSs SlSa oige 23S
> sy 3l ol SVoles Jo sl sl i35 )15 ) 0 0500 ($308 Djg0 0 5, S0 (9,0 by p [ O1e st el
09 «Olosbe O (kg e cooliinl 590 o g Canl L] 55 (90 sz el ok coliiul Sgucs
ot 5 a8l dnngd Gl,z ol Sy b e 45 ol ol (558 el by il ales sl (650 Y
il Johor Corlis jai> 0l & azgs b ol 48,5 15 axdllas 9,90 catal g5 VY ol o
P (o7 4 Copnd Sl gl 30 g5l jadz 52 5 09 g0 by 5y 0000 (D GBI 0Bl ey

] A . hReky (sole i
B9d (o0 oS o)l (B A ABL 0l Su g dges b wil

VY VIYY cél o
VESYNYIYE 16,5550
Wiy Joaws il o5 ) ¢ (090 puf o oy (S (903 o (g lu dge cuul losly slaolg VECYYIYY Sy

Saadat Zirak® Optimization of stent geometry with closed
Assistant Professor cell inside a vessel and numerical analysis of
Alireza Akbari non-Newtonian shear stress

BSc, Faculty of
Mechanical Engineering,

Semnan University, Abstract: In the current investigation, the combined influence of altering the angle of stent
Semnan branches and the enclosed area within each stent cell on the intravascular flow has been
systematically examined using numerical simulations. The finite volume method is
adopted to solve the governing flow equations. A uniform flow condition is assumed within
the vessel, and the mesh structure utilized employs unstructured tetrahedral elements
without a boundary layer, for all stent configurations. The blood is treated as flowing at a
consistent velocity, with a developed flow pattern, and the stent is modeled as rigid. A total
of 22 stent configurations have been scrutinized. The outcomes indicate that an augmented
stent cell area corresponds to elevated shear stress along the vessel wall. Moreover, when
the angle of stent branches aligns parallel or perpendicular to the flow direction, there is a
decrease in wall shear stress.

Keywords: Stent, Optimization, Numerical analysis, Shear stress, Non-Newtonian,
Vessel, Closed stent cell
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A review of the mechanical characteristics and
applications of structures designed based on triply
periodic minimal surfaces and their modeling methods

Abstract: Minimal surfaces are a special type of geometric surfaces whose sum of main
curvatures in two directions at any point is equal to zero. Among the most important types of
these levels, we can mention the minimal Schwarz levels including Primitive, Diamond,
Gyroid and I-WP. Among the outstanding applications of these surfaces, we can mention the
design and construction of light structures, filtration, insulators, catalysts, absorbents, as well
as medical applications such as the production of artificial bones and implants. In this research,
the mechanical properties of three-dimensional structures created by the repetition of minimal
unit cells, such as strength and stiffness, as well as their ability to absorb energy, fatigue and
durability, have been investigated. Also, the applications of these surfaces in the fields of
medical, structural, fluids and heat transfer and automotive engineering have been
investigated. In the following, the simulation and modeling methods of these surfaces, which
are required in finite element and 3D printing, are presented. Three dimensional periodic
minimal surfaces have a high potential for use in various industrial and medical fields due to
their exceptional features, including high surface-to-volume ratio, stiffness-to-weight ratio,
and strength-to-weight ratio to present new options to researchers and engineers in material
selection charts.

Keywords: Minimal surfaces, Properties of minimal surfaces, Applications of minimal
surfaces, Modeling of minimal surfaces
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Structure

Volume | Cell Size | Structure Structure

Type | Porosity | x/y/z(mm)| Volume View
(%) (mm’)
80 | 975 84708 | P A
; 85 |1 6363.63 m
Gyroid
N 90 19.25 4280.3
pid 92 235 3393.06
80 116 8509.6
Diamond 85 15.6 6368.7
90 235 4139.2

D
92 289 33654

80 19 8482.14

85 25.1 6340.6
Lidinoid
90 382 4217.0
L 92 |46 3370
80 128 84482 |
) 17.6 63334
Split P
90 26.55 2177
P 92 34.5 3374.7
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Model Visualization

Retlative Density. 0.000

cos(2'pi*X)."sin(2"pi"Y }+cos(2"pi*Y)
*sin(2"pi*Z)+cos(2°pi"2) *sin(2"pi"X)

X §| Y §| Z
Mesh Density 40
Thickness
Grade Methods
Thickness o Level-set Value

-1.50<Grade Distribution<1.50

0.9*abs(sin(pi*(X/5)) "sin(pi*
(Y/5)) *sin(pi*(2/5))
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