edBl o JgaJl yniéoll Nt
gill pglec g Lioglgidil priecion b i

rdlInternational
Conference on
Researches in ulpl «wlgd ansl>
Nanotechnology
& Nanoscience University of Tehran, Iran

S5y (owdigen 3D (226 W) ) kil b (speuds zyde (5)9555 AV ol (g5l s )y p

\:L& &yonlo o1 0 ‘*‘“Lg)ba\lful.c S ‘Yu}l& ﬁ,.:)f JI)’J}d A u;’l)‘?f &plas (ol doe

ol ¢ olatal bl dazs (oMl ol3T olKils ol iz aly « SilSa  waigs 09,5 -
ol ¢ Qlediol bl Gios ¢ oMl 3131 oSl i Cis daly «SilSo pwdine 09,5 —F
.0l e el Ul Gisg (oMol 8l oty bl i dly «SlSo stigs 09,5~V
ol ¢ laduol bl Cazg ¢ oDl 15T olEisly bl Cing saly «Slo  wdige 05,5 —F
ali.galehdari@pmc.iaun.ac.ir: Jyue oxiw g™

RS
"l el oM Bl o (S odis g o9isS )] ¢ habio iliBe (sladinej )3 0594l
o 9 JSE L b S 031 )8 gy e Sl )l ()N Sl B (55 sl
BTy 56 o) Slgiee dian ol (sl (39855 4 il dlos 1 Koo (sl 3l 2l g caolio
2o ol blog colo Ban ol 3 & Sbp wdine 3 Logasu S giipe (oL >
s culio guiz b 55 Jbjytegl s 5l g 88 (65 ole Sy 5l wlgn Solage cone
B b oS GpSole 29 (0 3)ly g 4 &S Db b (> g casliel laylid b b 4y
sl b ol cpl 98 B 58 oylal o] oo syl Wil & loise 6905) Y slaojl
B ialejl g Colo g 3o g (g 3y90 il (sl ) 5 il (o0lge b glite
Ol 53 313 558 (y 3590 W ojl cul 1o 2 53 1) (6581 SHatal e Gl U T 485
9 Pl (o oad CLl slge 5 485 plol (gum dw yiay ¢ dhwg ol col (ingh
030 PLA 35 6505 5 035 ABS il &5 (gyadly w0 5 (59, S 3,5kl (9051
PLA oo ¢ 255 5 (15 (sl loges duslio g b cons 5l Juolo glis (0 b g 485 plox]
a5 plol PLA 53l )3 oole b jlai 3)50 (5555 4 ojls iy 5 il 5 0 ol
buwg 65 Gl olime g ol o bl Jolis g 50905 p3 HLid g0l 5l Jols guls g cul
Gl 045 dpwloes o3l ol
s0sil ABS PLA g5 4 yatls clals

LVATS
0039y (S5 3 & 2l s sl 0ad pldl Cre g b b s SRS dej > (3L sla il o)l 5 b g, eSTT
5 adly JUasl s ¢ ol Jlsw gige o 4 3ly s oguilul ol bshus | (36 450 e 231l o s 4y ) b sl >

e ey lolat ) Gl pe & Jeegsl 4y
2950 sgilusl 5l i Sl Jlie 3 godse yite S |y 4B Oyge Jud ol 5l als aps S8 e 058 B &S e ol
S oslital g &y90 3 5 gkl 505 ) syl 5 oy (Sl sl oaiiS J1S) )58 Sl dlital 5l 6l le oS oS e



e Ul o Jgall yniéoll e
gill pglec g Lioglgidil priecion b i

rdlInternational
Conference on
Researches in ulpl «wlgd ansl>
Nanotechnology
& Nanoscience University of Tehran, Iran

b a ol JS sl ol 5l 50> (S el gl b 25 a8 b s B9y s> Sna b 8 sl 1S aps o 2l
F st e G55l g apd 5 4 (o Wil ]) 0l Slptne Sy (285 398 2B pilSe L a5 sl (6)55 &Y (gl ol 5l onlinl
Cla Vb cud b )3 (gyge; aY cla ol ol 5l edlil Cote . aS o w1y o] g 03,8 b 65yl 5505 b g 4 Iy
b s g o pgel b 35 oo a3l SasS Sl )3 o sl Wiges Lt b ojles ) Cblos gy il b o (g3latdl &y g (5,
2 Slge 0,5 odlizal (4318 52 b (538 dlge 5l Ll oo b Wiged ) CE Lo Sz 395 oy @l 5 993 bl o (sy) e Cunglie

i pyle)S ge b wiged (ul (sl ulio (5318

4 Capb I b psSIl L b Ll g Cul o aidlis pU cpl @ bl 5l asl o Db a8 wsia JS5 s & (gye05 4Y sl ojle
ol 425 5 it 4b 0 4y gy e il 5 Gl oS b ojles ) 43 0h 41,5 IS &y adgl Slse e i3S Pl o sl
Jobe cnl cwlely (28 sl B ojlr cnl (hjg W pla)S (33,5 (iRl b (pgiS] &8 ad (o 4l (5318 2lge byt o o5l
uffg )§JJ )I J.:g) Y‘J )L..>L.d U"I ‘J .)‘90 U‘ﬂl 2 ‘)w.; ).;l).: 2 wslﬁn 5 .)9.“: (P o .)9> uol.> d’u')] L} (P o)L.: L)" » Lf“'> 9: dl{b
~° ‘_'j leib 64.3.9|)‘ 9 J9L» da)‘bu’l Colses fLé.':’)] J....s )‘l o)'L.o (WD LSL"’):-‘J)L: pyvey) L oS cwl O,g.l S)99) 4y dhz’ o)‘L.o dhz:

Pges Mo S (lite (SSe (ol @ oy

Oly s &S Jlasl glayl miser cel a5 dgd (g0 ooliinl  sugsile glalidle )0 dtwg ¢ (giluls gly Cpicred b ojle ol
b Cde D9 (oo )Lid g Glomn el il 0 (uglle b )lidle cuwglie pdy YU el plpls wad o Hials 1) mdaw 4 ond
0l g dnwg Cands by (659055 AY Hliblo g guabils parde cip b puile g b ledlo do ojle cols 4 cand pin & I LS
ol J i 5 55y Sl il 55 5 g b 355 oS S sl Sy ) i 25le LS (gl Lo ys Do 2y, 00
315 gl 905 Sy Jou 15555 (oo Y ol 505 gy ] S oz 3] i 53 il Sl 5L 5 b o S

M edaw (6550 S8l (¥ ok dtan b dgdume (cabis b ik (VI od odlit] (S5 ooy 93 51 o) cdlos o 15 ol

adlo o9y oy dlex 5 0)l D929 alsej ol > Sl (o)l S gaalad Cusl odg pdy d g 3590 by Sl e ojle (]
5 45 e a8l drg B digel Sy oS 0sd able G ypdglpl bawg yie yli g ol & b cnl gl g culy 595
Gl (gyo0) &Y (Ao (i Hle @ and Hlew 4l G Jolw jdle &5 S L s ‘Ngfyz Saly ol legy Sy
ol <l 5l al sl 4Y ol by 1 wdlo b cend o al 4 5l ol 93 edlinl by Hby by 28 T g )ke )
J3lo b i )l (sl IEB° g ke uile g 48,5 518 ISS (gl aleo p 8 S5 (90 Caled 3 5 09 00l ool 0ud oS
ilans o g anls o5l s o8 glsst Heilbronn and Pinner jle el sl )8 s 1, o sy aulyd o (oy9085 &Y
g Ldly 4t b Bl gugbilo ouess "Sal 5 50)5 (919395 ey & 4 S5 (on Lawgs (6)505 &Y S5 s, slaisls
S5 s &Yy cuns (ad g5 a0l SV epgp (63 oy 10y lawlon (sla ojlu (sl 1y peu Cojonls sla 159,
s Ay 5o ST il Ken g wad by cd @ lawlgr S zugiln sl ojle (ol cdl S 0 jo)b gews I odlaswl L |,
g jl Y W (g)90) AY il Ken o S b plosl (55505 SV S 4 (ol oy 9 S)n Soh G b g ol wigy (ST

" Thermoplastic

2 Apollodorus

3 Robert Hooke

4 1zembard Brunel

5 Hans Hilbrohn

6 Theodorn Carmen and Poul Stoke
7 Norman Deebron



e Ul o Jgall yniéoll

gill pglec g Lioglgidil priecion b i
rdlinternational
Conference on

Researches in ulpl «wlgd ansl>
Nanotechnology

& Nanoscience University of Tehran, Iran

2 g 5 3l 8 Ay 4 p b5 SV gz Sl 4Y Lia (5555 Y CElo s g bS50 el b d]8 bogi osd 1) sla
[V ages oy 1y s

ol o] )3 9305 S8 sy 0,00 (9338 5 (278 Cygo &l s o)l cod ]y (mgnile slays 5 )Shas (Y] Sen 5 3,58,
& o5l V] (gylael g (ad el oud dunlio LSS sl s Cov (KU s oV ed i il e b Jow b (6985 &Y (¢
Y Slaal )5 Jue Ko g 00)S gy |y <l HIE YL oy b (3508 (g apd (oyme 3 & ) ()85 &Y s b mgle
o] cingas aslllas | 6955 Y (ko 03l (sl amivo (19,5 50 {FIEISaR 5 (lyy 53,5 (s (275 9 £095 gt 80955
Jsort Koy s oSl Bl oyl oolitl b e (15 5 JS 5us5 290 2 1y () dipd )l e 5 sk 0)led sl
CISL cou 1y (gya05 AY (gl dupg O] 8] Ken 5 cBl) ges &)1 YL sl oy ) pawe LT dwobre sl (oo
Y (5 ojl ) {Flohlen 9 4L b o)y ojle Jobu ilisie (sly awsin (gilo iy olyen 4 (b o g w3l el (g)Lid
Cono 228 @B b 1) 0338 @l e § up Slialojl bausgi 1) (ol dxiio (19, o) 93 9 )90 S5 (ISl Cov (6555
Hdgad e

Lo LS iedie g (228 (b Cpgo ]y (el @) g 61985 Y At b (mgile sl ojlu Y]p]Sen 5 (shezmayn
3955 &Y o3l (o35 )18y 2 |y ol s 5 Jolo JS5 51 (208 5 228 Syge 4 (A B g Lndlaly 28 gy iy
il epdy arps sl {A]oSen 5 e 0,8 oslisel JS5 Y glaio g b gt Jao Sl (6348 (il b )35 )
O S e sl gt (il dhage ) TohlSon g 5 05387 ) S lall g 5 620 9 255 Oy & |y 6955 &Y
Sly 3t yges &Y e PNV Ken 5 (J 03,8 Gl dinie 59y 9 Ban @b odag 5551 298 9 Cglite blie b I (429
@ Comd (Sl e Gl gl () & 0d gl Bl Lallg) Sl eslinal b g (phb ot ole aiges Sy g3yl Bl Gl 4 edlinl
3l plsl ol (sl p g o2

AY (¢ dws Sl gl ansuie gl 4Y dw (gl 4 ,LSK ST g (0ae gl Jdo l eolazul b VY] ] Ken 5 Sdgdls
W o (69 (2 P98 ) e 13 ialS ]y Slawlxe (il de LS ST (6550 b ainygl cand a1y pod b osds g JB ()95
oo ol 513 sy 3590 1y A5 @ 9 S Sl Sl g 10,8 ool dgume il Jue ) (6585 &Y 0dilS (s o3l lsie
b delsl )3 S (o i Jloa 1) 5 @5 Ll 2185 (ileS” Sz )b jlade 3 (e BB 18U pgd b 6y985 Y (13,5 oS il
S ol > )l cul sy H18 b5yl 2y00 1y pgd boad g (JB (y98) AV (BS) sla Gl dguore Tl Jue ) esli]
S 038y 3B plyis 4 yes psd g5 93 1 g 93,8 bl ]y pwin (385 Juo (Bl (o8l sladge ) (e sla JS i
2 lre slo S5 s JalS Cage pd L 5585 4V (35 5 &5 g ol Sl g 20,5 edlisl (g308 Jao )3 (595 &Y
pod 35U Sl nl | gy bl (o SR (2 B Olise & pod 3929 g )3 B (St Gizmes g 008 Bl (Bl (sladge
b pastie Pl (3l g SVl (el oallS  (lyin

oo 1y S5 5 4o ds 930 )15 o 2050 1y o (89 (2 psb i | lxio )3 365 JLlow g 225 Syge 4 IT] 0L
|y pgd = sogrmedll (gl Blunl )5 €55 o o 4l dois N |ohSan 5 an)ls 58 Sl ol (gl los Jsa b g 03905
Colbus 5 JBe (Il L S 29 ol b ] by 8,5 S0 (il dnnd g Slilol Sl dlols dond 08 sy (225 S50 4
Y b ojle (025 adlae NO]ghen 5 Sloj Mb (oo GRIB G5 (manle ojle S5l Qi Wby gl b e g pob

TABAQUS

2 Yamashita and Gotoh
3 Meran

4 Hou

S Kepler



e Ul o Jgall yniéoll

gill pglec g Lioglgidil priecion b i
rdlinternational
Conference on

Researches in ulpl «wlgd ansl>
Nanotechnology

& Nanoscience University of Tehran, Iran

5 ehle Wb oy b ojle o) b syl (551 e olise Alia gl 0 plogl |y (ol S\l Cov 965
b e slis )I)L cou hhtue g opls gblie b psd bodd p (g )18y (225 5 Ghlod By jledlal L M) e
sl ord &)} ojlu e (gla iz (glp GBS GBS 908 g 36l Qe liee dlie ppl 5 idged (o)

ool Sl ey Gk cod it culis 5 platel Jobo (5 awiin b )95 &Y ojle S (Seelns )18, (W Kea 5
ol 030l Casdy 3gama I3l g, 5l oolimul b (Sas Ji 55,8 9 o515 anl (i5,S (65 cdame (5 oljre dlis oyl 5> .35l 0dges
Canl 04 &) a5 Calises sl e gl SIS s i glade puicen

ded g (225 oialajl l oolisel L1y (sl p0 (6)I5)b o (6985 &Y At b (el (amgtile ol )8y DAL, Ko 5 Lo
& 5905 &Y (6 ojlw g Olxas gan aSb lp (edae (gl dud jd Wdge0 awyp Wl Ll 118 e le jd (gd0e (g5l

5 g gdde ol il al S s IS g S st g0 )lged dunlie 1 ey cCawl 0dd ol diwey 5 (xS a5l sy
Sl sl (K0S b awlio 3las!

duglio (Sa5 J& (1) 5 das (15 Lo dlally 5 pwsSLI JIE1 p 0 laome 3 (o308 (53l 4 b V- Jg )b S 3500 Al
Wl — oS’ Jas g Sl (Sigd conw b odle )18 (sl postnedll Cilisia elgil b (oo o3l sl 551 2l Gl 0w
Cono jakaie 4 g o3 Linled |y (655 canlie Bllail Slgi (SWisd Cows odle b Jao (glyy Jdoo 5 (odis gl oS b plodl yluege
g 25 bl @yte 63955 &Y ojlo g9y 2 ol S b g bsi (255 (el (ST £y 50 308 (gl A gy (P
7 @l b e GUbil (e gols (qwyp cpl > & 48 gl o8 Copu b (ol 0o 5k ot ojle e i gy lages
ol 451

@ G (gl Ao (99,0 ISk &S Cunl opl by Job ls & Cunl 48,515 oy 3)90 35 HISHL o8 Ba cl 5
Sly A 59580 e imen g Cul dinday ke & JWSI (6958 ey slp i ploj Gl Sl sl amie g IS0
Gop il 1y Gua 398 s o plpls Cusl (gl das e (6)18,L (o, Jlade | 108 Cilpe 4 (gl axas 9,0 (5150
ol 045 Aoy ojles i g dwdid 0l 0319 (655 (0,5 Ao Caa (pitred g Jad oo LhalS Ty ol s

A o ))]Ait;u‘ Condd U:Slg J..\A L)“’L"’l 29 ..\J'J)S (B0 s J)lﬁ J‘}A 9 29 JJ.))S )15 Lf“’"l oM S92 [\‘\—\‘\‘]ul)l&«m 9 &]9
Lj 9 Laly [obul |) .)95 Mg).: U.uw] oM $9) » {YY’] OI)&“A’ﬁ Clniz g .JJ.); d)Lw LWW) éualub dllb (’?.:L ‘_;:l,\‘))‘ LS‘)‘? l) J}.‘u 9
L3y b eyl cpl (s dpe dg 0ol HI\E gl dbis 90 (5,105,L cod |

* ABS,PLA ol
oy Jolie I ABS g PLA ol ) osis Ol ABS g PLA 55 b3 o3l 93 SioMgo s atws ,d calisce dlgo oy |
4 Ngd p)S me sled b By (it b Stadyge i oj Slge ol 593y it FDM (59055 b s 4 iy 0l
b 1l 93 5o FDM (oamy a iy gy )30 55,5 (00 055 4 e o g S8 By 5ty (o0 p g iy JS5 2l S
3 olesd g imd oo Sl |y oles deka o8 jles |y ol &Y b o s 0y5 g s5y & iU <o Loty cligd oo

IVAYFIAS Lo duaglio o L ] eole 45 ) Lol (Su5eb cslo s

! Menna
2 Polylactic Acid
3 Acrylonitrile Butadiene Styrene



edBl o JgaJl yniéoll N
gill pglec g Lioglgidil priecion b i

rdlInternational
Conference on
Researches in ulpl «wlgd ansl>
Nanotechnology
& Nanoscience University of Tehran, Iran

PLA; ABS (S5 slo (g -\ Joi

PLA ABS s
37 27 soeiS Zaslie
6%o0 3.5-50 %o S e
3 2.1-7.6 E(GPa) ¥l s
1.3 1.0-1.4 plar/em”3) J&~
150-170 (o shysal ) el (C) s clas
SN S A o P )
60 105 (C) wis Jll glas
I 53,1850 Sty gl S 0led | S8 (Sl bl st ol e

b sb9) 9 dlge

iYW Jgdo g 2S5 hiliwl 9031

3905 o ) (Jlasl slogyed sl )3 o 2STy by g5 (o 03le (ST sl Slge (Sl el (9051 08 sl 232 9051
oo 1 dals] axhad S U jiiS opl bl cand (g o odle ol Jobo 3bsjl g (iuiS plSotinl 4 g (o 0awiS odle 45 ol
g aals Jesl lag s ply )3 ool iSly (SieSe ,S5ble 395 oo 0auel y25,8= 55 Jloges a8 yg05] ol 5l Jeols oo S
& g5 Jobo 2b3jl g 03)lg s b ol (5968 o B3 903l (5 gl Jolye 1 45 58 samlite g o0 dlge (1S (sla (901 5]
E & col cub Jlade (25,8 4 (i cams ol 13 a5 08 o o Son 9B 5l g0 4l opl pd conl o Oy s cos
a9 xalib 55,8 sl LSS i asly b o] aslg 34 e oauel 5L b dtnino V] oo g ol anb ol 55 s cod b yao
ol 03lo tw j wlibe dlewgiwY] Jodo.Cunl day

dgel Cilw 9 )b

Ly <8y psilsS” Jao FDM (oam a3 dlisgs y00 (60955 &Y 03l izmen g (S (905l 250 (sl digas il 00
e el glbb pylo S cjo a5 PDS 8y 5l PLA 3 ABS (lo cindld .cd)5 )50 200%200%250 slayl b j:,,3D
4905 4w PLA 5 ABS oslo g5 2 1 )1, cal )85 51 liabl g )8 (oo (sl 9 0 428 )5 1o )5 sl olSod g5 ol b ey
CAS a8 Sy g ad bl saaline BB skl cpl O o)led S5 55 a5 (ASTM — D638 —TYPE V)5 sl L
5yse Gilise 03le 93 b b diges gl ) b 05 o3lol pdlias cuoglio olKislefl ,5 LS (yg0f] plol (el 00 48,5 gy (elo Aiges
03> A ey Sygo )3 4 3 b 3gd o Cugy odle yb jl diged dw pl )d okigd ST g asuie Hkd, S Ll aS %5,8 18 ey
@l o3y (ad Jols dm Sgo il i 3 Iy ey (o0 GbL @ dlpe Gren 53 055 Cglite Jlr 5 (HBly e LS g glie sl
85 )18 Sl 3)90 03l (i 393 1 sy Pl & (sl ol ete S35 9 75 S



TN P
gill pglec g Lioglgidil priecion b i

rdlinternational
Conference on

Researches in ulpl «wlgd ansl>
Nanotechnology

& Nanoscience University of Tehran, Iran

- [ T 1 [

ASTM-D638-TYPE V> lsleut-y Jsa

Eoxd 3| s oy JS g oyes 942.25 ply o)) ly yiShas Jlaie 5 05 g9y yho 5l LisS s Jloel g9 ABS&iges
A8 o odnlie F S JIoged j0 1) s ol 5l Jols 25,5 55 ldges b cud 4l DAL bl cunsln b gps Jles!

45

Tensile stress (MPa)
= = N (] W W £
(%] [=] w [=] (%] [=] w o

[=]

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

Tensile Strain (mm/mm)

ABS ji55- g5 - S8

5w 900.3 audsd ol & 03]y 9y pasnSle 93,5 (l3E 4 £9yd (s o | gy €85 18 (S Co iges ool PLA wiges
ool 0 0313 Lioled Y IS5 4lages 53 axdad oyl 5 )S= (i 3905 A5 (65 0505l a5l 53.25 ygejl ol plovl oy ke 4



i 4
Ul o Jgl yngoll
gill pglec g Lioglgidil priecion b i

rdlinternational
Conference on

Researches in ulpl «lgd dansls
Nanotechnology

& Nanoscience University of Tehran, Iran

Tensile Stress (MPa)
= = (=] N w
w (] w (=] w (]

o

0 0.02 0.04 0.06 0.08 01 0.12 0.14 0.16

Tensile Strain (mm/mm)

PLA [25,5— (a5 jhoges =Y K3

sl odle g3yl 5l (SO F JSKB 0 (ol dlio (glanylage5 50 dunlie Cpl Lialed g odel Conty sla b Jgde o (sl dunlio b Jls
D550 )8 ookl 50 (Lol diged Gy G g o

1200 1600
1500
1125
= —
- <
= < 1400
5] g
1000 1200
ABSI PLA1

&Y Dges ol ply s Ol 8udns opl )0 zyte (6y905 AY ol dges cilo cas o5y odle lgis 4 PLA sl oyl b
88 )5 plb dyge sgngnl I3l oy ) et sl b 4 sl 030l o)laid JS5 lie o Jsh o 4 (55955



i 4
Ul o Jgl yngoll
gill pglec g Lioglgidil priecion b i

rdlinternational
Conference on

Researches in ulpl «lgd dansls
Nanotechnology

& Nanoscience University of Tehran, Iran

Tt (5905 BY ol diges el — DS

ol odel & IS5 )3 48 ol osd M5 diges yiin y olid I e3lil b (695 4V Lol digei (Sib 5l e

(52955 &Y (ol digas iy~ IS5

ol -l oo s il pl b oud e (651 e Syt ylaged 5 Corlus duslone b g 43 plosl (igesl 5 Mg Sl g
03> 4> y2 &S (uiS o el 4B 59D (3T A 1) dged ) o 45 (gl W65 A odd o3ygl s JwST 138l o5 1 ooliul b corlune
py olod by bl o Cowdy gyt €3 b dlols Colus 5 39 (oo pandl 4B355d (¢ b a4 plaw ASb yd Lo o
opl Gl ey ol 5l oad 03y9] Cawds ol g Jols JS colue B 0 (o gen p2 b1y b Colue ol olod L odal oy

b o Jg3 49.92677 Ll Jlages

ABS Juo sl szl N3l p 5 @l (g

ol 035 Juloxs



PET TR P Naukt
gill pglec g Lioglgidil priecion b i

rdilnternational
Conference on
Researches in ulpl «wlgd ansl>
Nanotechnology
& Nanoscience University of Tehran, Iran

sl 3 2 013 (b aded VS5

.k_A.M’l

Alge (SSla el =V Joio

ol ABS Plastic
(o30S Mass Density 1.06 g/cm”™3
Yield Strength 20 MPa
Ultimate Tensile Strength 29.6 MPa
oy Young's Modulus 2.24 GPa
Poisson's Ratio 0.38 ul
Shear Modulus 0.811594 GPa

FOMFSW|

61.21 Max
S50.32
39.46
28.59
17.71

6.849 Min

E

ABS adad b ysigisl il pys Julos -4 IS



PET TR P

gill pglec g Lioglgidil priecion b i
rdlinternational
Conference on

Researches in ulpl «wlgd ansl>
Nanotechnology

& Nanoscience University of Tehran, Iran

S35l o ol 0l slmalizl b Slga Lalgs 5 ystignl 33l oy 5 oolitl b 45 tuoye PLA &) Cag (5581 a5 da o3l gy 51 oo
ol oal & Jgan 1 (SilKe olgs 13,5 Ol

dge (SlSe oled =Y Jos>
oslo PLA
S 0.13 g/lcm”3
py> 0.000782073 kg
5> 4100.51 mm”"2
s> 6015.94 mm"3
x=57.5 mm

Center of Gravity y=9.5 mm
z=2 mm

S5 53 0ad plol Ll (085 g i (e Como g 0D plxl jeBgul Il pp bk S S 0)5e oS 358 Jgia Sl elaul L

FOM XV IR

Type: Von Mses Stess

62.2 Max
51.82
41.44

31.06

10.3 Min

PLA adad U yo55905) 381 p 5 Julos =Y JSB

\e



POTE TN P

oWl pgle g Li>glgisil et
rd|International
Conference on

Researches in ulpl (whab amsls
Nanotechnology

& Nanoscience University of Tehran, Iran

-

o slio (6y955 slo &Y b (g ) sy CoglicABS & s PLA o cdl)s lsie (355 slo )y p

bl 5
b
S Ao

HLid sl sal Cund 4 (Sl (slo o I ookl b 4 asul g ol oal cand 0 jg5gnl 58l p 5 50 Cunsl 4 asul @ a5 b
dadad S5 U g5l Dl e Jloges o Colue dnsloxe b cans ol 5l Jols ol ale g5 Jlage ()50 sty g ol (59,
Py e ol cdm dwyinp bwg PLA pols b oosds adlo zyde (5905 6V ojle sly osd plovl suivs ;0 Ll 0l dpunloxe
“daw bl ond plosl gl Gimgl lo byl ond wble osiaedll (6555 4V ol b awlis b i ol &l g5 45.9

sl (ggllas sl 9 J5id BB olie cosl ond i J93 92yl (555 il pliee o] 3 &S e

&l 5 gl

[1] www.kabirpanel.com

[2] Radford, D.,Deshpande, V.S , Fleck,N.A., " The response of clamped sandwich plates with iattice cores
subjected to shock loading"

[3] Feli, S., Namdari Pour, M.H., " An analytical model for composite sandwich panels with honeycomb to high-
velocity impact”, composites part B: Engineering, Vol. 43, pp.2439-2447,2012.

[4] Ruan, D.,.Lu, G., Wang, B.,Yu, T.X.,”In-plane dynamic crushing of honeycomb a finite element study”,
International journal of Impact Engineering, Vol.28,pp.161-182.2003.

[5] LIAGHAT, G., Sarailou, H.,”Optimum design of honeycomb core under compression load”, Technical and
Engineering Journal of Modarres, VVol.37,pp.73-81,2010(in persian).

[6] Papka, S.D., Kyriakides, S.,”Experiments and full-scale numerical simulations of In-plane crushing of a
honeycombs”,Acta Materiaia, Vol.46,pp.2765-2776, 1998.

[7] Pirmohamadi N., Liaghat, G.H., Pol, M.H., Sabouri, H.” Analytical, experimental and numerical investigation of
sandwich panels made of honeycomb core subjected projectile impact’’

, Modarres Mechanical Engineering, VVol. 14, pp.153-164,2014. (in persian)

[8] Yamashita, M., Gotoh, M., “Impact behavior of honeycomb structures with various cell specifications numerical
simulation and experiment”, Internatinal Journal Impact Engineering, Vol.32, pp.618-630, 2005.

[9] Meran, A.P., Toprak, T., Muan, A., “Numerical and experimental study of craworthiness parameters of
honeycomb structures “, Thin Walled Structures, Vol.78, pp.87-94,2014.

[10] Hou, S., Li, Q.,Long, S.,Yang , X.,Li,W.,”Design optimization of regular hexagonal thin-walled columns with
crashworthiness criteria”, Finite Elements in Analysis and Design, Vol.43,pp.555-565,2007.

[11] Li,M,M Deng, Z.,Liu, R., GOU, h., “Crashworthiness design optimization of metal honeycomb energy absorber
used in luner lander”,International Journal of Crashworthiness, Vol. 16,pp.411-419, 2011.

[12] Vyacheslav, N., Sadowski, T., “Analysis of structural performance of sandwich plates with foam-filled
aluminum hexagonal honeycomb core”,computational Materials Science, Vol 45,pp.658-662, 2009.

[13] Kepler, J.,”Impact penetration of sandwich panels at different velocities-an experimental parameter study :part
11- interpretation of results and modeling “,Journal of sandwich structures and Materials, Vol.6,pp.379-397.2004.
[14] Ziya, M.S., Khoda Rahmi, H., Vahedi, K., Pol,M.H., “Experimental and Numerical Investigation of Blunt
Rigid projectile penetrating into sandwich panel Having Aluminum Foam core”, Journal of Modarres Mechanical
Engineering, VVol.13,pp.1-13,2013.(in Persian)

Jlo ecs3 il dlge imgly sole domar glonis] ()3l o (65955 &Y (gla il (225l € p pe (68« p ¢ tadtine g B i o Slej[ VD]

1388.41-49 o o2 o)leis c pow

[16] Abedi, M, M., Niknejad,A., Liaght, G.H., Zamani Nejad, M.,”Theoretical and experimental study on empty and
foam-filled columns wit square and rectangular cross section under axial compression “International Journal of
Mechanical Science, Vol.65,pp.134-146,2012.

[17] Li, K., Geo, X.L., Wang, J., “Dynamic crushing behavior of honeycomb structure with irregular cell shapes and
none-uniform cell wall thickness”,International Journal of Solids and Structure, Vol.44,pp.5003-2026,2007.

"




2 Ui 319 o Sl
gill pglec g Lioglgidil priecion b i

rdlInternational
Conference on
Researches in ulpl «wlgd ansl>
Nanotechnology
& Nanoscience University of Tehran, Iran

[18] Menna, C., Zinno, A., Asprone, D., Prota, A., Numerical assessment of the impact behavior of honeycomb

sandwich structure”,composite structure, Vol.106,pp.326-339,2013.

[19] Seyed, A.E., Jones, F.K., and BURGESS I.W., “A theoretical approach to the deformation of honeycomb based

composite materials”, Composites, Vol.10, pp.209-214,1979.

wyd ¢l dmio SIIS)h coB ge 985 AY ojle Gyl Glx (25 308 (LT ey 0 O > p LSS g i l> ASTY ]
13938l 261 - 271 o o < 16 ojlouisc 14 093 ¢ o yto SlSe pwdins Al S s pus b (6l

[21] Wang, Z., Tian, H., Lu, Z. and Zhou, W. (Y+V¢), “High-speed axial impact of aluminum honeycomb —

Experiments and simulations,” Composites Part B, %, pp Y-A.

[22]. Chang, L. T., Chang, C. H. and Chang, G. L. (Y++Y), “Finite element analysis of the effect of motorcycle

helmet materials against impact velocity,” Journal of the Chinese institute of engineers, Vol.Y1, N0.7, pp AVe-A£Y,

[23]. Caccese, V., Ferguson, J. and Edgecomb, M. (YY), “Optimal design of honeycomb material used to mitigate

head impact,” National Institutes of Health , £+ £-£)Y,

[24] Okwuosa, Tochukwu C, Stefaniak Dominika, Arafat Basel, Isreb Abdullah, Wan Ka-Wai, Alhnan Mohamed

A. A lower temperature FDM 3D printing for the manufacture of patient-specific immediate release tablets.

Pharmaceutical research. 2016;33(11):2704-12.

[25] Wei, Xiaojun, Li Dong, Jiang Wei, Gu Zheming, Wang Xiaojuan, Zhang Zengxing, et al. 3D printable
graphene composite. Scientific reports. 2015; 5:11181.

[26] Tian, Xiaoyong, Liu Tengfei, Yang Chuncheng, Wang Qingrui, Li Dichen. Interface and performance of 3D
printed continuous carbon fiber reinforced PLA composites. Composites Part A: Applied Science and
Manufacturing. 2016; 88:198-205.

[27] Senatov, Fedor S, Niaza Kirill V, Zadorozhnyy M Yu, Maksimkin AV, Kaloshkin SD, Estrin YZ. Mechanical
properties and shape memory effect of 3D-printed PLA-based porous scaffolds. Journal of the mechanical behavior
of biomedical materials. 2016; 57:139-48

[28] Rankouhi, Behzad, Javadpour Sina, Delfanian Fereidoon, Letcher Todd. Failure analysis and mechanical
characterization of 3D printed ABS with respect to layer thickness and orientation. Journal of Failure Analysis and
Prevention. 2016;16(3):467-81.

Y



POTE TN P

gill pglec g Lioglgidil priecion b i
rdlinternational
Conference on

Researches in ulpl «wlgb anvlo
Nanotechnology i '

& Nanoscience University of Tehran, Iran

Investigating the energy absorption of polymer graded honeycomb structures usivnpg
experimental methods in biomedical engineering

Mohammad Hadi Mazaheri Tehrani, Behzad Karimkhani, Seyed Ali Galehdari, Maryam Mahouri Beni

1)Msc student in Biomechanical Engineering, Department of Mechanical Engineering, Hakim Sabzevari
University, Sabzevar, Iran.

2) Phd student in Biomechanical Engineering, Faculty of Engineering, Najafabad branch, Islamic Azad
University, Najafabad, Iran.

3) Assistant Professor, Faculty of Engineering, Najafabad branch, Islamic Azad University, Najafabad,

Iran*.
4) Bachelor in Biomechanical Engineering, Faculty of Engineering, Najafabad branch, Islamic Azad

University, Najafabad, Iran.

*ali.galehdari@pmc.iaun.ac.ir

Abstract

Today, energy absorbers play a very influential role in various industrial fields, ergonomics and medical
engineering, such as making helmets. Therefore, placing a profile with a suitable shape and material and
creating lightweight absorbers such as a honeycomb structure for these fields can solve this need to a
great extent, especially in medical engineering where the goal is to make devices that in terms of
biomechanics, it can prevent shocks, and in terms of biomaterials, with the right material, it can prevent
shocks or inappropriate pressures and even loads that are applied to the body. With the introduction of
honeycomb structures, it can be pointed out that it is an energy absorber. So far, these structures with
different dimensions and different materials have been investigated, researched, built and tested in order
to be able to determine the amount of energy consumption in each One of these structures was examined.
In this research, the construction of the structure was done by a 3D printer, and the selected materials
were tested by performing two standard tensile tests on two polymer samples, one of which was ABS and
the other was PLA, and by examining the results of the tests and comparing the stress diagrams. and
strain, PLA material has been selected and the construction and printing of the desired honeycomb
structure has been done with PLA thermoplastic material and the results of the pressure test are presented
in graphs and tables and the amount of energy absorption by this structure has been calculated.
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