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The aim of this study is investigating the erosion caused by abrasive particles in
Voronoi metal foams. The foams under investigation in this study are made of
aluminum alloy 7075 and are being used to reduce noise in the gas flow path. For the
production of the foam samples, they were first designed using software methods in
three different cell sizes of 5 ppi, 7 ppi and 10 ppi. Then the aluminum Voronoi foams
were fabricated by additive manufacturing and investment casting methods. Erosion
tests were performed with the help of air jet in the abrasive particles size of 180-220
microns and 280-320 microns, at a 90° angle with the surface. The results of erosion
rate studies, profilometry and scanning electron microscopy showed that in the porous
and bulk samples with an increase in abrasive particle size, the surface roughness
increases, but in contrast to the bulk sample, the erosion rate in the porous samples
decreases as the size of the abrasive particles increases. Furthermore, it was found that
the erosion rate will increase for a particular abrasive particle size by reducing the
metal foam cell sizes and increasing the surface-to-volume ratio.
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Orthopedic screws, which are used to connect orthopedic implants, always play an important role
in increasing strength and resistance to bone fracture. Without screws, the use of many fixation
devices such as bone plates, intramedullary nails and even some common prostheses will be less
effective or even impossible. During application and after closing the implants, screws under
pressure are subjected to various bending, tensile or compressive loads, and as a result, they must
have an elastic deformation within the permissible range in the direction of the applied loads. In
order to accurately check the performance of the screw, in this work, the bending strength of the
titanium orthopedic screw was investigated using the finite element method, and the results
obtained were compared and confirmed with experimental tests. The behavior of the bolt in the
bending test was discussed in terms of stress, force and displacement. Comparing the maximum
force results shows a 16% difference between simulation and practical work in bending loading.
Since the bending moment exerts more forces on the outer regions, it was concluded that the bone
surface shows the maximum stress in the thinnest part of the inner thread. Due to the discontinuity
of the connection of the screw thread with the bone, in the lower closed area, a high amount of
stress occurs at the tip of the screw. Similar to the upper threaded part, the maximum stress values
for the bone are also located in the upper part.

Please cite this article using:

sl oolawl bd ool sl dllae ol @ gl ) 6l

Ali Fata, Peyman Mashhadi Keshtiban, Numerical and Experimental Investigation of Bending Strength of Ti6Al4V Titanium Screw in Femur Bone, New Process in

Material Engineering, 2025, 19(2), 15-23.



OldeS’ (goen 9 (38

2908 oyl ;0 TIBAIV pgled gy (oiwos Conglio (52525 9 5998 (o)

3 Ala (S SO5 G 3 e il oo SR 63V
s 4 Slp 3dme Sl Sl I {F] TS
sl dvgj,\éu@)>du;,ﬂ6uy,ﬁa>,,T
Sl s3dome Sl iy 5 V] POl 5 g ks S
> Sl o Olabl Sl oS 01y, ST 05
Lol §)L§¢,§;J@6Ma@ Ol st s S el
5 on Il O b sl S5 355 0 iy aS 5 5leiS
s e SV § 5 53 08 O3 5508l s
05l gy (RS Pl )y 4 [V OLSes 5 OLziS
s3T5 sadoe Gl 51 eslizal b ged Ol ghetwl s
VOl odiasOlis 5,8 ey Sl mls L itls g o
& SMELL 3 (ST 5 (Siloans L)l o (s
Lgy &S i Joolb amS ol (opl 5 oogdle Lol 228
@ode Sluad 5 020 OsasT 55 8 55 5,0 Sla ot
S L1y a3 s suoes Oladl 5 das o OLES 1 oYL Cals
S s S ) esde A8 (o Gnite I8 JB
Qlﬁw\&\!@ck“w«f;ffr@ﬁuz}x;uﬁ
G [N ToLKar 5 ULS Luwg gladlas ool YL
G348 5 g 5 oy g 0 4,055 SIS, 58 s 5l Slages
S350 2 Shn am dgdee Ol Joi 5 4 2 A el
Gl & Ai eols Ol Al plsil (s & Lo gajT
S S on i ) (55 0Some Jlal (S il L83
Slagn Wb ol bosd o YL (AS0s 0 Ol 4 e
YO en 5 slo lidu oo 35 |y Sl gho L8555 8
S s 3 el b1y ol ablize By J15 ey (3]
J'\sgﬁﬁ;ﬁdu@ywba!);.m;@\k;,m
S L (6,8 dom A ool S e Sty Ol eial 3 g
el ol o Sl g Ol e 5 o 2l S
Sl 3gdme sl 2as SV TMOLISs 5 slsblb sl
oslitul @uSs Ol shzal &K s A5 35 0058 s &
&j@a\l}é‘ﬁ}:ﬁﬁg%\%nuw.mﬁ

Ao bl 4 S 15 alie 5 andllae 550 p55ks 5 YVSL

¥ oylad (VEE Ol o3l gn owdkign 33 op g slady T

doio
ﬁl}l)&r&wl Sl oS s ol eSSy 5 by
dinad (Lsd o o3litul CaSE pl 5 Ol el Caglis
@ bl il sl 5wl Jlasl 53 gage S
3 gnge |)%lk§1)\§wj.u>@ﬂgbu)>u
Lol jen (634 slaggiluacs 51 Clel Oludige (lidn o
S ol S e eslizel (iloang slagz ) S
Cosh V] e UV ] g Cilasl Slakad ol Coltal
ol (SaS s pas ormer 5 Ol (oS 1
@L:J :quslijdi.«fddlj:sa s Dllks qf\
oL oS 5,05 3 63b) e gelil Ll ST ey Jlas]
Ll Sl 883 dadoue gl il (Gilwand 1 eslizal O T
(Sl Ll luand Gl 6ol Olades Olikons
ol S lesls plonil by 5 5y 551 Sl
dwda ‘_;)L.»:&:@.: 6‘j 3 gdowa QLJ‘} LS?)?U d:ﬁ) )‘ ‘[Y‘]
ny ..»bu\:.w) 4>r.::; U’i\ ey L@;T ubb; oalainl éf)&g' E) &
Sy et Sl Lilg e olginy g 5 LS
Syl b Glas 8 53 el op 58S S I enlizul
Sl iy SV F] 0L 5 a6 Ko andllae > ias
QJ.;\.; O:JJT Cwd & lef, LS’J",J LsLA&LAJT 9 d9dowe
e ol 4 T S ealitl gy Loy Ol petl Lo
35 Awlbe spdoe ll s s w b OlSe
J\DQ))J&LA@&‘j@:—CwMJA‘fM}‘45&[:—).3
O 5 gl .3 58 avlos (g 5ludnd b Ll 5 o ¢ patial
Sl g Szl Sileans 5 SO Sbe3T 51 (0]
L 6 S w38 o3kl s gy et uaglie
4 ¢l slazel BB o)l Olgea Ly o s9dme Oladl &S
w5 Oley 5 5 5 58 oslinl bagey plSowial 03 5T o
glad I L S A (6 S s s ol LTS
6\"“@ L oawlds rj:.’\:.:? &= ;‘:‘«" C&}ﬁ.w\ w9y

\¥



LS gagelne 3 38

2908 gl 50 TIBAIAV gl gy (ciuns caoglio (o225 9 G008 (o)

G 4 Caglie )3 (6 g 3 Shes (S olral)
Qb&@)&)bﬁ&é,ﬁiaw%ﬁ.wbwj
ST Rdys 3§ 3 I ey Gder 55 51 s planl]
Al S ol (o OT Couda &7 s el 0 57
S et SUT Jd 58 K05 ey 55 b sl s SUT
SHeslinal b 5303 038 SaSls o 5 4w S
&g b awlie 5 QL)) e 08 AT glrals 5 M
nips 5 ol Jlo i A5 4 S5 e e g 03 S
5ty Kos e 93 4 ol ) 60 (S5 3 Shae
LIPSl S Jas 5l it e 0nl o)1 25500 ]
JoS o2 3550 g e Sl 5 b S (sla)lST o
ot ool s Sl S ol s el 43 K513
3 sl 3 3domn (513l S 5 s s ) Slag
Sl 4 s bl o b blT L sk
ol &S Sl 0Ll Ol Jldeinl Cand ) gad O ]
38 5 gad Ol gzl i pl 3 eayls 58 01y O gl alie
2 g kb el ods eslizal TIBAIY o ks oy
350 JolS 5 sbar glomle 5 55 ¢ A5 51 e (3T

W o

by w9y 9 dlge =Y

2 S bl 1Y
L;bbww@\);uuuu)yd&::);@w.u;w
WO pE Jsk 5 als 00 ST b e oo F10 Lo
52 0T Sl 5 balts Jds 5 oy R R W
@Q,J-JL;L_\,;‘JQ:&U@.@lamamom(\)dﬁ
D Clamr o Ve g amyo ¥ 5 aes)) Sty 5 gl 5o
9 Faske /00 S5 4 ae g e Cend )3 0y plad
Gollos Tads O il 033y gmnkin sl [V] ol 2o s /Y
bzl (Ol gl 3 053 3wl 1z ol (B O3 5 g b
O el Sls Cad 53 (6,150 b gin o ¥ b 4 5 g

S S5 o Ol el ol g oYU Ced 53 58 Al sl

\Y

o SNl Jol (B A S e Sl S
ole o g Ol o Bl 5 s oo 2alST 1) 5 O i
clcda! W] f0LKa 5 0L o slgie Sl
b (SoSs o 3S cny p y (Sby S 5ok 55
D3 bl 3yse Ol 5 Cikas| 3gdoee gl LT
5 SSL e o7 Cal opl 5 e ey Cuge 285
Sl AT 3L -l Ol oo | o eslisl ey (Slag | 5
SIS and (sl C)'Y Olyudd cplpls esls o5 (g 4w
Y] 0LSes 5 J s el SeuSs oSy Lo e
3y50 3o Ol o 3l eslizal b 1y 058 SeuSls
03,8 S S Caltien kool sl 13 anlllae
aeglie ooy STle 255 (A lles (N s B
PP YS TR FPYTTTISTN AL d A CRRC Gt N
Jelow 51 eslial b O gl s 25 JWsl ) Jdg  awtia
cjj)ﬁgﬂéﬂfo&ﬁ.x:;w)ﬂ:jbuélk\
5o NS (o Jae ) A o e em e g 1S3
23 okd e G 5 L;m;;xﬁ\u;;:c,-;[w]"ot,&@
oz Sl (S5 il o o VS5 0 el
Sl el 5 4 ks sl i3 andllas 3500 1y ol
DYSSK 5 Ol bzl oo Ol it g o 457 513 LS 3 gk
Sl gt Dl 5 303 03 8 Ol il St 558 o e
L;La;p;@\W‘CM.AC.\;Q)FJMJU‘%JL\);)
ol 8l LOleys o 53 8 5 51 (SG ash e 65 e 50
L oS Sl Jad gl Glagmy Sl eslinel ¢ SenSs &
o K 5 V0] ML 5 Sl ol a5l se
er Sl SIS Slagy 515508 05 8 0 ) SenSs
5SS 3 S el Calises gy dos 40 Ol gheitan] (St
5505 038 Ol il _slor g domis 3l oslial b g, o)
SOL Ol Comdsn a5 b rg) (01 & 35 gy Lo s
A8 oL (A bl s A Sy (A m) s
3gdoee Ol o leslimal bsyls b Sg) plo 4 Cod

Ol el (1655 53 jgr oMLl osdle oS Ud abie

¥ oosled N FF Ol (398 cwdige 35 o 9 sadnT 3



2908 ylggsn! 3 TIBAIAV 0ol gy (oles Cuoglin (21285 3 5998 (o 2

(®)
Tl S0 5 (0 egail sl S gl ankas 2 (Ll 2(Y) JSCo

o n 5 e JLal 5 5 (gheas 0505 T (i 0 il

S9uxe Oldl Joo 9 g0 (olgs -T-Y
638 500 Olpaal Gaims ol > eslizal 5y 50 O gl
Glols slge 5 Jstls Sl b 51 o€ | sed Ol gl (ol
S5 Y 110] Sl DLl 308 Ozl L alin ol
5 SO ol 45 5 5h e sl O izl S50 oS
Jos o oki5 3L 4 O gl 3l (S5 5 (S5
(ol okl ai L TIBAIAV I ey [V] 552 Ss5
0315 015 (1) J gl 53 5 g0d O il 5 p 555 oy Slainto
5 g SLOILS o S8l g b die [10] Sl o

Y oyled N FrF Ol 030 unkign )3 o 9 aun T 3

3383 e 9 BdE G F D Al e 6K s
ok 0305 OLEi (0 =Y) S 53 a8 sbolan Al diu idu
Ol gl 45 a oo ¥ o511 4 YL 51 58 05D oy (s
23 s e, S atany S (0 358 5 iy S
A (1) IS Gillae 6 S e Jle5T Usb
J:@C,.fé}.ajf.nslra\' Ol gl (5,0 Ab asle
Vg 5 23 13 Ol gl Jawy 53 Lads Ol gl J1s

3513 4315 Ol il gelas b a5
SR LI LLALLE

. » e

ﬁ“vﬁnn' ‘

5 -
N

-

e

A AP AAA AN AN DA W‘
J

{ y
B e 1‘.:-, i L
)~

F AP )
(
”
.\
1 \-4\‘.
:-H‘:HT* -

CALE 8

T 65‘4’4‘ C)L;J'?j\.bn)j) J:éj;!, dwda (\)Jﬁ&




OlriidS’ (ggeiton § (30 2903 oylgzinnl )0 TIBAIAV pouilid gy (ined Canglite (0205 § (5398 (o 2
D5 as a5 8 b ys o /F 0T ldie 5055 d S Ol gl
220
§'170 w;jbpbﬁw;('&.a@;l}a)d\w|f‘},
: P
E 120
E
3
= 70 . . .
2 3 Ol SO ol (1) g
20 . &5
0 10 20 30 40 50 60 70 v (MPa)usst, Jgu
Number of Elements (x10°3) L3E3 Ogwles o po Ol gl
YeooslAeo ka/m3). JiE> Ll
e 35 1 g5 Il s 1) IS (kg/m’) S o
- Yeeoir (MPa) pla ploria!
Y-y, (MPa)esit, g
.y Ogul9s o p2 & gi!
YV..-14q0- (kg/m3)6||§_? prve
Yoo\t (MP@) i pSComias!
Veoon (MPa)eSl Javw
|y Ogl9 o 52
3 &
$ev. (kg/m?) J&=
AA- (MPa) qpba3 it

sl Jlesl g 5 (55, Lol 5 (F) IS

e gl -T
Ol sl 510l el 5 oy Calides 155 615 A5, 51
3153 LB 3 g A5 e S M A St 5 sk
ok o)) Ol el Coand I (oo WS 9 A3 (0 75 ) o
o) pesdhe (L)l -0 JS8) das o O 1) (6 i gla 55
ssbaedionsy amb VL 53 Ol gl 5 5555 s
JS8) das g T Sl Slacand 5 ol i
(Sl 0 0305 Ol k0 S 5 a5, boles (-0
W&;@S&J@QW\)@JJJL:L&}»}J:B‘M
L;“:ﬂwﬁ)@#“*ﬁ'c,}f@wl’)f“&}kdiiﬁ
Ay A a g S B (B sy B«
G Gble a1y 6 ke Glag,s e K &S L buTS
S A o O ) A5 S Mo Ol il el (AST 0 551
(A el s 4 el et el 0L 555 6 1 L
.M;GA'C,QTCL.NLS”FQ\@\U;;:&;L‘M
Js 4l il sl Olas -0 Jﬁ.’z;: el S 4

5 g Il Kol 5 Ol gl Jls 2o 03 Sl

14

o Ja 35 L 55 L ABAQUS 3 gume OLJI i il 5
Olald (sl e g s el g 5 Ol gl sl (s
Gl e p s s STl BT e Olsie s gy 5 Sl el
st 3 ez ¢S C3D10 isle ey 5 Sl ghmt) oo 55 2
() S 53 o8 5 bolen ks Ol (65 11 233 43
oo 2l s adlllas (1) Ko llas (ol 0ld 313 OLS
el ks OB F20 e LB ole IS sl 5 A pla
ST o 5V el BT Ly O (612 6
ole sl 0 gdoe Ol Jde i Izl (L)l (6 5
03 25 sn SLOLI sl 3 p0 43 8 5o il s 5
2 5 035 QLI YAVYE 5 WAYS 5 g0 5 5 4 O it
bl 5 58 (GRS gt DLl s s (s
A s (7 V) S8 Gills gy 5 Ol il 48 gaze s
(F) U8 03 oz 200 S b 5 plralr
2b4 g 255 o oalin &7 55Ol (el 0kl 0305 OLES
Y S et S 53 5 okl e Dlgar plad o JulS

Sl 0 J)‘)Q‘j;r.:m‘uiausu

¥ oosled N FF Ol (398 cwdige 35 o 9 sadnT 3



OLlS (gugedin 9 (S8

2908 oyl ;0 TIBAIV pgled gy (oiwos Conglio (52525 9 5998 (o)

dsl I8 ST s S35 gy S o owdige Y La]
Ol il 4 oaws (65,0 4 o3l .ol ol o305 OLS

- i

s Ol il 65 55 aST Sl i (558 00 3405
[Y\—\«] .L.fo.d df}e.&.ﬁ: l:ul:- ‘57-\};

sl )l

S, Mises
(Avg: 75%)
+1.397e+03
- +1.281e+03
+1.164e+03
o +1.048e+03
- +9.315e+02
+8.151e+02
+6.987e+02
+5.824e+02
+4.660e+02
| +3.496e+02
+2.332e+02
+1.168e+02
+4.400e-01

¥ oylad (VEE Ol o3l gn owdkign 33 op g slady T

wlie 5 on bl ey &S50 53 (VL AT e Ol el
23 Ol el gl A 3lae ST ¢ YL s 05, Cead
O3 b blae 53 Saslie sl L & 5,8 15 VL
Lo gy (b 55 Sk sl L S 5,8 15 ik
A8 Rl 5 oy sl I el k8 Il
R I C[FC G SCn [ PR r‘f sy S
23 g mlbe Giledde frzmens [WV] UST o g 2alS

S, Mises
(Avg: 75%)
+1.397e+03
+1.281e+03
+1.164e+03
+1.048e+03
- +9.316e+02
+8.152e+02
+6.988e+02
+5.824e+02
+4.661e+02
+3.497e+02
- +2.333e402
+1.170e+02
- +5.801e-01

S, Mises
(Avg: 75%)
+1.330e+03




Ol gugedin g (56 2909 oylgiinl ;3 TIBAIV posilind gy (iuos Cunglio ()25 3 6308 (o)

5, Miges
(Avg: T5%)
+1.39704 03
S, e Wi
(Avg 75%) = %
b 490 -l

13970003
+1.281e+03
+ 1 164a+03
+ 1Okl s O3

o +9.3150+02
+B.151ev02
698002
+502400+02
+4.660e+02
+ 3. 4% 02
+2 352e+02
+1.168e+02
e A00e 01

+ 5801001

S, Mises
(AVQ: 75%)

! +1.1080+0°
+9.9/20+02

+8.865e402

+7.757e+02
+6.6500+02
+S.54

112a+02
+4,4002-01

(<)
.a,@a)@dl«d‘U’.'._‘.Lb,4.?-5(g)¢YQ?U(Jlab‘};&nlggd‘,)u&ﬁjﬁl{xb)Jg.i

3 5o Olll S o 5,0 DMl S Ll 2y

e (S8, Sl Aoy VP s U,I:.LLU’T U, Magnitude
+1.838e+00
R . w P +1.685+00
_ +1.37%+00
. ve s +1.2260+00
el s 4 £10720+00
+9.192e-01
+7.660e-01
+6.128e-01
-300 +4.596e-01
+3.064e-01
250 _ - 06.5'322-001‘)
~200 - -~
=3 -,
8. 7/
ug_lSO ,
-100 l, —FEM
/ = = Eeperiment
N /
50 / ez bl ol gl (7)) Ko
0
0 -1 2 3 -4

Time (Second)
5834 Giluad (e ﬁbjTJ}bJAJJ:S‘_;Lx;AI(V)JQ& _
e e Y JS8) dd gl o o5 et slaileT 5 gade

Silwand loslanl b Ol e p 9 8 Ol pudd (la goete

Olg o 5 Conl wlie gxie 93 8 L) 45 558 0 odaline
OLL 4 Ous ¢S5 b s goete w Ml 4S5 ST blizal
s 4 Llg o b gown s Sols b oo SRl O 05T
Cilen i b Ol gl 513 3 3y sla SanSls 3505
O sl g8 43 o gzl Pzl o7 ol il NI

R ¥ ooyl N F Sl 3 ga qwdige 33 op 55 slauy T,



OLlS (gugedin 9 (S8

2908 oyl ;0 TIBAIV pgled gy (oiwos Conglio (52525 9 5998 (o)

[5] C. K. Chao, C. C. Hsu, J. L. Wang & J. Lin,
"Increasing bending strength of tibial locking screws:
Mechanical tests and finite element analyses"”, Clinical
Biomechanics, vol. 22, pp. 59-66, 2007.

[6] K. Haase & G. Rouhi, "Prediction of stress
shielding around an orthopedic screw: Using stress
and strain energy density as mechanical stimuli",
Computers in Biology and Medicine, vol. 43, pp.
1748-1757, 2013.

[7] T. Wu, H. Fan, R. Ma, H. Chen, Z. Li & H. Yu,
"Effect of lubricant on the reliability of dental implant
abutment screw joint: An in vitro laboratory and three-
dimension finite element analysis", Materials Science
and Engineering: C, vol. 75, pp. 297-304, 2017.

[8] H. Ketata, F. Affes, M. Kharrat & M. Dammak, "A
comparative study of tapped and untapped pilot holes
for bicortical orthopedic screws—3D finite element
analysis with an experimental test”, Biomedical
Engineering /Biomedizinische Technik, vol. 64, pp.
563-570, 2019.

[9] J. R. Mau, K. M. Hawkins, S. L. Y. Woo, K. E.
Kim & M. B. McCullough, "Design of a new
magnesium-based  anterior  cruciate  ligament
interference screw using finite element analysis",
Journal of Orthopaedic Translation, vol. 20, pp. 25-30,
2020.

[10] Y. Naidubabu, V. Kondaiah, R. Dumpala & B.
Ratna Sunil, "Assessing the material-dependent stress
distribution in fractured bone and orthopedic fixing
plate by finite element analysis”, Advances in
Materials and Manufacturing: Proceedings of
ICAMME 2019, pp. 337-342, 2020.

[11] L. Yan, J. L. Lim, J. W. Lee, C. S. H. Tia, G. K.
O’Neill & D. Y. Chong, "Finite element analysis of
bone and implant stresses for customized 3d-printed
orthopaedic implants in fracture fixation", Medical &
biological engineering & computing, vol. 58, pp. 921-
931, 2020.

[12] J. Li, Z. Zhao, P. Yin, L. Zhang, P. Tang,
"Comparison of three different internal fixation
implants in treatment of femoral neck fracture-a finite
element analysis", Journal of orthopaedic surgery and
research, vol. 14, pp. 1-8, 2019.

[13] E. Tetteh & M. B. McCullough, "Impact of screw
thread shape on stress transfer in bone: A finite

¥ oylad (VEE Ol o3l gn owdkign 33 op g slady T

S 5 domet £
o) Gl Ol 5 gy hes ool )
sj.buuu\.b,ﬂ}:&:.x.oui))p@w)ﬁ..\.irlqélA:JLE.A
ot 3 el 23S aST o8 b5 g2 s
O 5 il S o (amlie Cillae 505 Sk L)
(R  S1 rast (ST 3 ey 5l e e OLES las
oSl ol s lie 238 515 Eom 550 el 55
e L 5 siland o (ghe )3 VP Dl sl 4,0
Sl i I 4 STl a0 s
i Jeol ames ol AT 0 350y (S sm 18 a1y (6 R
0335 Sead o FEST5 53 1) AT S e O izl pelas o7
S g s 4 e o DL (g 8 oS 25w) sl
gf,',;u;\(pﬁ,\m‘m,&:ﬁ\)@w,wwﬁ
J':f\.b- = Q.LYL. ls ey Cand wlin A 'C) &=
23 b5 3,8 o 1YL 3 5 Ol el sl A ol

38 O\ e 535505 2,8

&bo -0
[1] P. Mashhadi Keshtiban, M. Regbat & M. Mashhadi
Keshtiban, "An investigation of tensile strength of
ti6al4v titanium screw inside femur bone using finite
element and experimental tests, Journal of
Computational Applied Mechanics, vol. 51, pp. 91-97,
2020.

[2] G. Kafroudi, "Simulation of degradation reactions
of biodegradable poly-lactic acid polymer in the
human body", Journal of Modeling in Engineering,
vol. 9, pp. 29-38, 2011.

[3] J. D. Kim, N. S. Kim, C. S. Hong & C. Y. Oh,
"Design Optimization of a xenogeneic bone plate and
screws using the taguchi and finite element methods",
International Journal of Precision Engineering and
Manufacturing, vol. 12, pp. 1119-1124, 2011.

[4] S. M. Hou, C. C. Hsu, J. L. Wang, C. K. Chao & J.
Lin, "Mechanical tests and finite element models for
bone holding power of tibial locking screws", Clinical
Biomechanics, vol. 19, pp. 738-745, 2004.

Yy



LS gagelne 3 38

2908 gl 50 TIBAIAV gl gy (ciuns caoglio (o225 9 G008 (o)

[19] G. Rouhi, M. Tahani, B. Haghighi & W. Herzog,
"Prediction of stress shielding around orthopedic
screws: Time-dependent bone remodeling analysis
using finite element approach”, Journal of Medical and
Biological Engineering, vol. 35, pp. 545-554, 2015.

[20] S. Hatami & M. Gholikhani, "Lateral behavior of
cold-formed steel framed shear walls with steel sheet
sheathing using fe method", Journal of Modeling in
Engineering, vol. 13, pp. 129-150, 2015.

[21] M. Zabihpoor, H. Rezaei & M. Khavandkar,
"Evaluation of effective parameters on bearing
strength of bolted joints with glare construction
through fem", Journal of Modeling in Engineering,
vol. 18, pp. 39-52, 2020.

S 2 —
[1] Kimet al
[2] Chao et al
[3] Chao et al
[4] Haase et al
[5] Wu et al
[6] Ketata et al
[7] Mau et al
[8] Naidubabu et al
[9] Yanetal
[10] Lietal
[11] Tetteh et al
[12] Zain et al
[13] Lietal

Yy

element study”, Computer Methods in Biomechanics
and Biomedical Engineering, vol. 23, pp. 518-523,
2020.

[14] N. Zain, R. Daud, N. Aziz, K. Ahmad, A. Ismail
& B. lzzawati, "Stress analysis prediction on screw
orthopedic implant in trabecular bone", Materials
Today: Proceedings, vol. 16, pp. 1838-1845, 2019.

[15] J. Li, Z. Zhao, P. Yin, L. Zhang & P. Tang,
"Comparison of three diffenrent internal fixation
implants in treatment of femoral neck fracture - a finite
element analysis", Journal of Orthop Surg Res, vol. 14,
pp. 1-8, 2019.

[16] K. Ding, W. Yang, J. Zhu, X. Cheng, H. Wang &
et al., "Titanium alloy cannulated screws and
biodegradable magnesium alloy bionic cannulated
screws for treatment of femoral neck fracture: a finite
element analysis", Journal of Orthop Surg Res. vol. 16,
pp, 1-10, 2021.

[17] K. Alam, A. Mitrofanov & V. V. Silberschmidt,
"Experimental investigations of forces and torque in
conventional and ultrasonically-assisted drilling of
cortical bone", Medical engineering & physics, vol.
33, pp. 234-239, 2011.

[18] S. Eberle, C. Gerber, G. Von Oldenburg, S.
Hungerer & P. Augat, "Type of hip fracture
determines  load share in  intramedullary
osteosynthesis", Clinical Orthopaedics and Related
Research®, vol. 467, pp. 1972-1980, 2009.

¥ oosled N FF Ol (398 cwdige 35 o 9 sadnT 3



YY-Yo .o e (VY @Ly oylad) VF F Ol — 33 e ylod —Vh.})’}i Jle 3l 50 g ) o ¥ gs\.bu\.:.l'\—)é

390 (uikigo 3 (19 ST

ma.iaumajlesi.ac.ir

JT 90w 9598 Glias bawgi oud adgi (YU plomiul (55890 SY g8 Ll g (il (ples LS Lujsy o)y
R PETIRY

T "Wiglols olosl P 3 pil dos
9% Ao [5) %) o

Ol gl g0l Sois olRuils wlge 5 (gond (cwiige 0aSiisls Lobiwl -)

4Q|ﬁl ‘Q|)QJ ‘Lgld.éy 9 SJ oKisls ‘L;‘)")?Jt;o 9 O‘}o (N0 05; so|5.a (g 6‘/{.’50 -y
hashrafi@shahroodut.ac.ir =

oSy Alio csled
¢S Y O e el (38 13 gy 3550 Y oSl (55093 3V S il 5 (23S ol Gl GRasg ol 5o VEYANA redl yo
3y 355 Olee canlsl 53,28 8 515 08 5,5 Sllae o e 5 My W 3 I Og3 Ja.»}:(,f_l_.w}}:i.uébb Y VECYN Y b pdy
ST 53 5888 58 S o T Slles o 4l ¥9 ey 518 (Sle 53 VAS (les 53 0k 3 3,5 G s 5 A3 plonil OB 5lg vl
288 3 s g 2sge 8 05N G 5 sy 535 Sy Son Lo ol W5 3V il 5 skl s b S &390 2¥sd
kb A 5V el 4 13 0L s b ealind o oue &S5 EES 0037 1okt 5 Y B RIS ol ol sy Sy,
4 e gyl ol 03,850 WV 13 6510 Lo gt b 5 4t 65 53 T9Y g STy 5550 gy o2 4 ol ol b““SU“‘SZ

LB NPT ol Job sbo3l 55 (28 plontal o palol 5 JSALEL 19D VL o3I (228 plSomial J o
el S5 6 odms0las od Mol gz — 35l g ST LT (Slis p 0dd A 55 (53655 SV 5 (e )1 S5 gy S Aoy
ol Lo Y iy 5 (5 A axhy Jolb (B JSCET 4 e s 355 68 31 0L 258 05 S B8 Sla gy 2 S o
555395 55 Cdl ol all o 28U Bl SUTY ady il oS Sl s A s Slda @ 2y (S pe G ST 51 g oSl

i odalie (63655 3Y 5 3550 53 MV[NY] & K5 8L o8 b ps a5 (VY e ] ok s e

Study of Microstructure, Tensile Properties and Texture of a High Strength Dual Phase Steel
Produced by Cold Rolling and Subsequent Intercritical Annealing
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Article Information Abstract
Original Research Paper In this study, the microstructure, tensile properties, and texture of a high-strength dual-phase (DP)
Doi: steel were investigated. Initially, a low-carbon steel containing manganese and silicon was
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produced by vacuum induction melting and then subjected to hot rolling. Subsequently, cold
rolling was performed and the cold rolled sheet was intercritically annealed at a temperature of
780 °C for 360 seconds and quenched in water. The microstructure and texture of the produced
steel were examined using scanning electron microscopy and electron backscatter diffraction
(EBSD). Tensile properties of the produced steel were evaluated using uniaxial tensile testing.
The results showed that the microstructure of the produced steel consisted of interconnected
martensite islands with a volume fraction of 62% in a ferritic matrix with an average grain size
of 7.1 microns. This microstructure resulted in an exceptionally high tensile strength of 1265
MPa and a tensile strength-uniform elongation balance of 13622 MPa%. Investigation of the work
hardening behavior of the produced DP steel based on modified Crussard-Jaoul analysis indicated
a three-stage hardness behavior. EBSD studies showed that cold rolling led to the formation of a
texture consisting of strong o and moderate y fibers. After intercritical annealing, the o fiber
significantly weakened while the intensity of the y fiber slightly increased. The main texture
component in the cold rolled steel was (001)[110], while a texture close to (111)[112] was
observed in the DP steel.
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58S Bioactive Glass.

Mechanical

In this research, nanocomposite coating based on polycaprolactone-chitosan was prepared in the
presence of zero, one, three and five weight percent of 58S bioactive glass synthesized by sol-gel
method, and the effect of the presence different amounts of bioactive glass were evaluated on
contact angle, water absorption, surface roughness, tensile strength and corrosion behavior by
metallurgical characterization. According to the results of the contact angle tests, the percentage
of water absorption, surface roughness and tensile strength in the synthesized samples, the
increase in hydrophilicity due to the decrease in the contact angle (3.2 and 5.6 percent), the
increase in water absorption (13.14 and 23.21 percent), an increase in surface roughness (70.16
and 148.44 percent) and an increase in tensile strength (45.26 and 48.70 percent) were reported
in PCB3 and PCB5 samples, respectively, compared to PCBO. According to the results of
electrochemical impedance spectroscopy and linear polarization test of the PCB3 sample, an
increase in the corrosion potential of the coating up to -0.29 V and a decrease in the corrosion
current density up to 2.05 microamps per cubic centimeter was reported compared to other
samples. Therefore, according to the results of the research, the presence of the optimal amount
of 3% by weight of bioactive glass leads to the improvement of the physical and mechanical
properties of the investigated coating by increasing the corrosion resistance of the coating,
reduction of the contact angle, increasing the percentage of water absorption, hydrophilicity, and
surface roughness in the sample was PCB3.
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This study investigates the effects of high-energy helium and argon ion irradiation produced by
a Mather-type plasma focus device, both separately and simultaneously, on the surface
morphology and crystalline structure of tungsten. Tungsten samples with dimensions 10x10x1
mm were irradiated with 20 shots of helium, argon, and a helium-argon mixture with equal ratios.
SEM analysis revealed that helium ion irradiation resulted in the formation of interconnected
surface blisters in the nanometer scale, with sizes ranging from 100 nm and larger, inducing
compressive stress in the tungsten structure. On the other hand, argon ion irradiation caused the
formation of dense surface cracks with a depth of 700 nm and tensile stress in the tungsten
structure. Simultaneous irradiation of helium and argon ions led to a combination of deep cracks
and surface blisters, indicating the synergistic effects of these two irradiations. Furthermore, XRD
results showed that helium ion irradiation caused a shift of peaks to larger angles and a decrease
in peak intensity, while argon ion irradiation led to a shift of peaks to smaller angles and a
decrease in interplanar spacing in the tungsten crystal structure. This study offers new insights
into the synergistic effects of simultaneous ion irradiations, providing an innovative approach to
understanding tungsten behavior under fusion-relevant conditions. These findings can aid in
improving predictions of erosion and the performance of plasma-facing materials in fusion
reactors.
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High-concentration electrolytes with a wide electrochemical stability window and improved
safety have been a significant advancement in the field of aqueous batteries and capacitors in
recent years. However, the diffusion of metal ions such as lithium, magnesium, and zinc in these
electrolytes is sluggish. Additionally, their high production costs have limited their performance
in practical applications.To overcome these challenges, organic solvents can be used as diluents,
reducing production costs and improving solubility and battery kinetics. In this study, the
physicochemical properties of a localized 10 m zinc chloride electrolyte diluted with various
weight ratios of hexanediol were investigated. The results indicate that a weight ratio of
hexanediol above 1:1 makes the electrolyte flammable, making it unsuitable for high-security
batteries. Conversely, adding a diluent to the high-concentrated 10 m zinc chloride electrolyte
reduces viscosity, significantly enhancing battery kinetics. At a 1:1 weight ratio, the viscosity
was 17.8 mm?'s, compared to 27.6 mm2/s for the undiluted sample. Using a diluent also increased
the electrochemical stability window to approximately 3.41 V, due to changes in the electrolyte's
solubility structure, as confirmed by Raman spectroscopy. The electrochemical behavior of the
electrolyte was evaluated with a CuHCF working electrode, showing an initial capacity of about
51 mAh/g and a capacity retention of 53%, compared to only 13% for the undiluted electrolyte.
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