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Numerical investigation of laser bending process of perforated tubes
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Department of Mechanical Engineering, Arak University of Technology, Arak, Iran
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Article Information Abstract
Original Research Paper Perforated tubes are hollow cylinders characterized by a pattern of uniform holes created in their
Received: 1 October 2025 tubular structure. The properties of perforated tubes enable their use in a wide range of applications,
Accepted: 21 November 2025 including filtration systems, architectural elements, chemical and process engineering, aerospace and
automotive, agricultural applications, and more. In this study, the laser bending process of Perorated
Keywords: tubes is investigated through numerical simulation. The commercial finite element software Abaqus is
Laser Bending used for the numerical simulations. To this end, the effects of the most important input parameters of
Perforated Tube the process, including laser output power, laser scanning speed and the number of holes located along
Laser Output Power the irradiation path, on the vertical and lateral displacements of the free edge of the laser-bent tube are
Laser Scanning Speed investigated. The vertical displacement of the tube's free edge represents the main bending of the tube,

while the lateral displacement of the free edge is an undesirable phenomenon and effect that leads to a
reduction in the dimensional accuracy of the laser-bent tubes. The results show that by increasing the
laser power, the vertical and lateral displacements of the free edge of the laser-bent tube increase. On
the other hand, increasing the laser scan speed leads to a decrease in the vertical and lateral
displacements of the free edge. Moreover, with an increase in the number of holes located along the
irradiation path, the vertical displacement of the free edge of the tube decreases, while the lateral

displacement increases.

Please cite this article using: o Lod ool hd wjlee 5l e cul & gl )l (sl
Safari M, Daneshpour D. Numerical investigation of laser bending process of perforated tubes. Iranian Journal of Manufacturing Engineering.

2025 Oct 23;12(8):38-48. doi: 10.22034/ijme.2025.550425.2136 [In Persian]


http://mjmec.ir/
http://mjmec.ir/
http://www.smeir.org/
https://doi.org/10.22034/ijme.2025.550425.2136

29R0MIS HISIS 9 (5 )0 G Iue IE g sladle) )iu) oS &3 (5D Jislyd s33c (Jw)

dodio —
Gloghyge slaaly) Iy ol ws eolanal 50 ) i 5 sl laoje jo slge (65913 IRl S lsie @ i) By b
G Sy Mg oo ateiie il solml Ayl Ll s aF C Sy slagl s 5l sl Asgae b a8 wien S g3 slaaslsil
A 55 (Slsle el 5 bz Sealins (39 aiile (Sojed olsS 2 ok S oo JLoo |y 505 Slaal s & g9 )
5l la itn 5o o5 5l 6l 00, b o | b ] 5l esliial lsgl s sloalg) 3,8 4y yamie sla Shus 0,35 oo
2y Ol oyl 5 (65,5l (slas )5 19,093 5 Lablgn ol g (ool (pwiine (S)lore polis (geml it Slaptn ialox
3 9 WS (oo ooliinl (ordge ale)S sl 6l ) U a5 Sl wdgs ailjole eSS Sy I b Ayl e anl ol
g w3 oo Bl 1) C85 35 5 (6,8 SaS p alS aile pblie gy cnl Wsdoe o (e Sla)lRl 4 ks (e el A
5B ol 5 b g ies salS slaacir V] sjlan conlin 5,355 5 Ladlsm wiile (oulio ;3 cilisie sl )l sln 1) o
boad 5,802 sladlgl o Shoe (I3l 6l olge (551> Sllas )5 lacdying 5 (b iz Glag,b SIS sl gla il )y
Lo, T dlelas 9 sl slo el 51 YT s 5 (600 ol oy pll Slisios 13| lo o (b aie ool 50 g ol 5
5 G Jobo 3l Ol GI5H L S 98 Gl gl gulis 38 S gyt y5ed b o o slaaly) il 5 ol as (sl 5 )
O 5 Glemal b oo RN (il e sl g (ol e aigly )5 i S8 g (Sl Ze s (a5 il Slads slaws
S oolizal b (SSe (g s IS5 5 ook ity Gl Bk 1 55 b g 5005 sl 5ute sl (05 ek G [¥]
5 oleni [8] 5o gy 50 b gl (6503 sl 1o o gl abme Jyo 5i0ls ol (550) (silop Sl lekos
Glasdlhae 5 ol ool olss 5 sl slal 5] Sl Sy 5l Bls3 5l ol e aysly a5 wi oamlie as anl ile]
)3 ald 2 5 Sl ety g 3 Janagta g5 DI o g 4525 sl Gl gy o [F] San 5 el S0
G593 0355 2 2 5 o (gmyp o aizen Ll 00l 00l 1 05 Do 4 ] il gl ol el 3 L o)
&S i ab ) i o 55wl Jsb o olge Slaseine Sl ad pll [Y] LS o oleos! dawss 5 b alg) 6,105
e dygly g oSl slasd o abaly a8 al s by T ol sileand [A] 1)Sen 5 oo bawgs g30e 50 0 55 b Wyl
Ly o5d b g e (2] S 5 gl -0 oo i 5 (g5 S8 L e (sbls o5 (6)5b @ el uions Loy
GPISE o ais) S o) lSgile 5 S sbml )5 (oSS wnl Bl e S B s ,S anlie il b Gy (o JSh
et (8ly Silotta il S 1101 6 5 ilo oz lo by, |y (ol jsba) )50 sladly) Gies 5 (S sba) 53]
905 SrBdSEbolge slp g ams o JSE ed Cuz g CuaBya polie oS L]y o) 45 W05 sleidn 5 b Wyl goman
b s 5l e Syo b wsols &l es agly 6lp dos aal, SO TN gl g J ool conlin o5 culbis b sladly)
Y] s 5 Joolais 05,90 Cans a1 o)l pas 5 s glads qahaie Sod i )l Colbd Ol s asle S5 063
hme 5 55 5ol tlan b 535S Sleniy e oSl ko b 5l b 4l s 9l o o )5S sl
2B DY Glen 5 J 008 (s 225 Oyge 1y 3 oy JS 5 Gied isly 2 gy ool DSl s w1,
S35 Vg8 ) b dlgd e anl B 0 e gl |y (Sl slass g alatl Jlad (Sl Sy )3 Bles Jol) anlB ezl
22l sln ot (Sllege 3 sgamme lizl Jelod Joo S is S aslllas o ialesl g sgamme (slizl (g, 5l eslinul b 33
il 5 S5 oSl slaanlyd 5 b ools arng Sile )l I3l bl 2 [VE] oljiSen 5 0158 lags )50 b 4yl e
A Sy ol s agly p b ol sl g Gl Jsbo S D] (grhe bawss stagn s aias Jlo so9e &0
(Sl e dygly aiile ,5d b dlgd e anl 3 (ol Cgne g Sl 0sd (028 D90 a0 9V 58 5l oad aSle slopls
b sgaoe izl Gilwancd Byb 5l 5 b el ladlg) s oy p Wload (o Sl Slki 5 pad an
Jsb 35 s oSy s 5 S0 bbb 5 i) sin iy oJoe ikt Jold o5 0 plnil V7] 5 5 S
g (5 lwdnd

sladly) o) b dgd )05 ane) )3 (955 B oud plowl Dlidiod poled wdly oo patuine lis (wyp ;0 &5 j5bilen
sladly) )i b o )Ked arme) 10 (25155 455 (95 b (B oty Slalllae ulul g wilosgy 39 5000 Eligm (oo 5 (Joons

Y4 A ojlosds AY 093 N E-E UlgTﬁul)ild.g,S’Qibudu_\i.ko



29R0MIS HISIS 9 (5 )0 e IE g sladle) )iu) oS &3 (5D Jislyd s33c (Jw)

uJ..\.s Ml;‘;o )‘ocb}w 6[.94.}5.‘ )).J Ls LS)lSA? ..\.u‘)ﬁ GO R d...a:u U"‘ ‘51.,0‘ RV u.uLw‘ u.s‘ » T PR WA d.v“)‘ )l\)C‘)}m
Sloalolr A 23 a1 Ty Sle g s 5 3 Sl g 3 Ol ol anld slaally il slic
s gz a3l sSLl )l 531 o5 g alg) Sl3T ad (il 5 (go5es

&9 (5 lwdans —Y

3550 o] gm Alg) Joo g oo plmil (wgSLI 381 o5 Jamsgs Jloglyom dlg) )3l (s5i 0SS @ K03 go0s glagsjluars
sl ool ooy las VS 50 sgaze ladl slasjlead o solazul

i SaS 4 (6,865 dguzme Hlall sla g sluans jo coliiwl 390 of g dlg) Jaw ) JSo

JE5 eimen 5 03t fndae ) VA NFe i il o s el ol Ay i i
aed S g RIBL g Siledae 5o silwesle Cuz 4 Sl atie ) JSG )0 oS jsbles adloe e hee 15 gl o
ssiloas o wloads Jloglygw wijle J1E 5] 6ei 5 awgl @0l Cou aS Ay 5l Slaceend laid (sooe ol
ard whg SloS oSyl Calaa Jold axtes Les 4 aiily o5 ()5 o5 SV 4 bgype (SlSege s el Sl et pll
VgV Jslaz) 098 oo oalitsl pelas (A5 5 (ygly o 2o iVl Jooko o 551> blus]

025 65 N5h i Sl foglysm 5 slos & iy > olss ) Jgir

Temperature (°C) Thermal conductivity (W/m/°C) Specific heat (K] /Kg/°C)

0 51.9 486
100 51.1 486
200 48.6 498
300 44.4 515
400 42.7 536
500 39.4 557
600 35.6 586
700 31.8 619
800 26 691
900 26.4 695
1000 27.2 691
3000 120 700
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Temperature Elasticity modulus Poisson’s Expansion Yield stress for ep = 0 Yield stress for ep = 0.1
(°Q) (N/m?) ratio (N/m?) (N/m2)
0 2.06E+11 0.296 1.17E-05 344.64E+6 422.64E+6
100 2.03E+11 0.311 1.17E-05 331.93E+6 409.93E+6
200 2.01E+11 0.33 1.22E-05 308.3E+6 386.30E+6
300 2E+11 0.349 1.28E-05 276.07E+6 342.57E+6
400 1.65E+11 0.367 1.33E-05 235.22E+6 290.22E+6
500 1.2E+11 0.386 1.38E-05 185.77E+6 230.77E+6
600 6E+10 0.405 1.44E-05 127.71E+6 162.71E+6
700 4E+10 0.423 1.48E-05 68.55E+6 96.05E+6
800 3E+10 0.442 1.48E-05 64.35E+6 84.35E+6
900 2E+10 0.461 1.48E-05 45.65E+6 60.65E+6
1000 1E+10 0.48 1.48E-05 11.32E+6 21.32E+6
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