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Kerf width (cutting width) is an important quality parameter in the laser cutting process, and
if it is less, means higher cutting accuracy and lower cost of materials. In this study, using a
fiber laser-cutting machine, which is one of the new generation lasers, the effect of all
parameters affecting the kerf width has been investigated. These parameters include laser
power (450 to 750 watts), cutting speed (30 to 130 mm/s), focal point position (5 to +5 mm),
nozzle standoff (0.6 to 2.5 mm) and gas pressure (1.2 to 1.8 bar), for the cut of stainless steel
316L sheet with a thickness of 0.8 mm. After measuring the kerf width with a special imaging
system and analyzing the results with ANOVA, it was found that laser power and gas pressure
were directly related to the kerf width and the cutting speed and nozzle standoff were
inversely related to the kerf width. Laser focal point position was also determined as the most
effective parameter in the formation of the kerf width, which should be on the surface to
minimize the kerf width. In this study, it was shown that with the correct adjustment of the
parameters, material consumption and cutting accuracy are improved up to 70%. In addition,
by using linear regression, the model of kerf width changes with respect to various
parameters has been obtained and by comparing its response with the experimental results,
acceptable model accuracy has been observed.

Keywords Laser Cutting, Fiber Laser, Kerf Width, Stainless Steel 316L, Focal Position

CITATION LINKS

[1] Additive manufacturing of stellite 6 superalloy by direct laser metal deposition-Part 1:
Effects of laser power and focal plane position. [2] Epitaxial laser deposition of single crystal
Ni-based superalloys: repair of complex geometry. [3] A study on the laser tube bending
process: Effects of the irradiating length and the number of irradiating passes. [4]
Fabrication of saddle-shaped surfaces by a laser forming process: An experimental and
statistical investigation. [5] Nd: YAG laser micro-welding of ultra-thin FeCo-V magnetic
alloy: optimization of weld strength. [6] The Characteristics of Laser Welding of a Thin
Aluminum Tab and Steel Battery Case for Lithium-lon Battery. [7] A comparative study of
laser surface hardening of AISI 410 and 420 martensitic stainless steels by using diode laser.
[8] Laser material processing. [9] Laser processing of engineering materials.. [10]
Investigations into fibre laser cutting. [11] Fiber Lasers: Basics, Technology, and
Applications. [12] www.esabna.com [13] Experimental investigations on fusion cutting
stainless steel with fiber and CO2 laser beams. [14] Laser cutting guide for manufacturing.
[15] Cutting of 1.2 mm thick austenitic stainless steel sheet using pulsed and CW Nd: YAG
laser. [16] Fuzzy logic based modeling of co2 laser cutting for stainless steel sheet. [17]
Multi-objective optimization of Nd: YAG laser cutting of nickel-based superalloy... [18]
Optimization of kerf quality during pulsed laser cutting of aluminium alloy sheet. [19]
Taguchi based fuzzy logic optimization of multiple quality characteristics in laser cutting of
Duralumin sheet. [20] Multiple quality optimization in laser cutting of difficult-to-laser-cut
material using grey-fuzzy methodology. [21]| Fuzzy and regression modeling for Nd: YAG
laser cutting of Ti-6Al-4V superalloy sheet. [22]| Characterization of the melt removal rate
in laser cutting of thick-section stainless steel. [23] Optimization of parameters for fibre
laser cutting of a 10 mm stainless steel plate. [24] Experimental and parametric evaluation
of cut quality characteristics in CO2 laser cutting of polystyrene. [25] The effect of low power
CO2 laser cutting process parameters on polycarbonate cut quality produced by injection
molding. [26] Post-Processing of FDM 3D-Printed Polylactic Acid Parts... [27] Experimental
investigation, modelling and comparison of kerfwidth in laser cutting of GFRP. [28] High
power diode laser surface hardening of AISI 4130; statistical modelling and optimization.

Copyright© 2020, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build upon the material) under the Attribution-

NonCommercial terms.


https://www.sciencedirect.com/science/article/abs/pii/S0030399220309610
https://www.sciencedirect.com/science/article/abs/pii/S0924013620301965
http://ijmf.shirazu.ac.ir/article_5740.html
https://www.mdpi.com/2075-4701/10/7/883
https://www.sciencedirect.com/science/article/abs/pii/S1003632617601961
https://www.mdpi.com/2075-4701/10/6/842
https://www.sciencedirect.com/science/article/abs/pii/S0030399218312192
https://books.google.com/books?hl=en&lr=&id=gPsq0HHAU4UC&oi=fnd&pg=PA1&dq=W.+M.+Steen+and+J.+Mazumder,+Laser+material+processing:+springer+science+%26+business+media,+2010.&ots=TJ2h2wNQpp&sig=-oj9-9a4FAHzsITCUZdDTlv2Tl8#v=onepage&q=W.%20M.%20Steen%20and%20J.%20Mazumder%2C%20Laser%20material%20processing%3A%20springer%20science%20%26%20business%20media%2C%202010.&f=false
https://books.google.com/books?hl=en&lr=&id=eV7o7F2MYUUC&oi=fnd&pg=PP1&dq=J.+Ion,+Laser+processing+of+engineering+materials:+principles,+procedure+and+industrial+application:+Elsevier,+2005&ots=UzHCeA6xPl&sig=dKUpSFk13LIryuy9qNuxp01BgRs#v=onepage&q=J.%20Ion%2C%20Laser%20processing%20of%20engineering%20materials%3A%20principles%2C%20procedure%20and%20industrial%20application%3A%20Elsevier%2C%202005&f=false
https://core.ac.uk/reader/33567200
https://www.routledge.com/Fiber-Lasers-Basics-Technology-and-Applications/Dong-Samson/p/book/9781498725545
https://www.esabna.com/us/en/education/blog/what-is-cutting-kerf.cfm
https://www.sciencedirect.com/science/article/pii/S1875389213001077
https://kupdf.net/download/caristan-charles-l-laser-cutting-guide-for-manufacturing-society-of-manufacturing-engineers-sme-2004_5af556f6e2b6f5587239fe2d_pdf
https://www.sciencedirect.com/science/article/abs/pii/S0924013605003171
http://www.arpnjournals.org/jeas/research_papers/rp_2017/jeas_0317_5819.pdf
https://www.sciencedirect.com/science/article/abs/pii/S014381660700156X
https://www.sciencedirect.com/science/article/abs/pii/S0924013607010941
https://www.sciencedirect.com/science/article/abs/pii/S0143816611003307
https://link.springer.com/article/10.1007/s00170-012-4181-5
https://www.degruyter.com/view/journals/ijmsp/16/3/article-p153.xml
https://lia.scitation.org/doi/abs/10.2351/1.3455824
https://journals.sagepub.com/doi/abs/10.1177/2041297510394078
https://www.sciencedirect.com/science/article/abs/pii/S0030402619303298
https://mme.modares.ac.ir/article-15-4225-en.html
https://www.mdpi.com/2073-4360/12/3/550
https://d1wqtxts1xzle7.cloudfront.net/38266704/BIJ-8052.pdf?1437632717=&response-content-disposition=inline%3B+filename%3DExperimental_Investigation_Modelling_and.pdf&Expires=1610365301&Signature=a3eu8gjxKDmGpZptlsN-8ZLIvQOawXQFRHnffBKVsH1nXn1D-QlHGX5UoG5iZuDlc7DsxWJtiT1ynu-BP82GpB~B52K~4QyABfqFIdVPfRtUitdAuXfuH6mFhg8u8dhiG-9DCSw342CWXCEoLGLGwRHVBNsHgOypH1qNLm9H1tnN-4wWB1aFI7pY3q-b64b2jHIOjZ5jv1p1TvuzX9ac-vQFdrAY7AsIftpKTKi-VyoTUvPvf7qUnzq3Obr-8CIYw9kvGnsfE9aIwB1S1WVhir4i0xF1nlkxzfDmJ4y0l2D3Ds2bGF2m1MeJ9W-XRb4~DYjxW86qzwd~AAp~F2roTw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://www.sciencedirect.com/science/article/abs/pii/S0030399218311551

oblKam g Bplidadyd plgyedgl WY

Ji crme 53 55 Blew] caio oslaswl 3590 (5 (glaailyd
asdl a8 JuJs ay (AiS50 Jate ashl a4y (05 (539)9 (S5 &S
ool 5 el 13955 YL Sl 6551 S 1 S2oS sl
103 ool o8 L HAZ 35 9 YU s g o ey (Sg
U o 1l ol Hesum So8 IS jobay el s
liaod U oads el o (slanyially £955 9 i sloainl)s S
Zobo Gz So lyied 5 b )by 55 Colhe cadsS @
sty (e 5 oS 85,13 (S UsS elgil Laysd Sos (sgmssl .94
sleday il sz Jud glgieds 5ld j5 9290 Sisio
23 o a1y (659 o3jly 5 oS ey 5 39550
2 sisie i L 5T e piddon U oad G s
11l asls Lo

) By Udye i G w8 03 e slaselly 51 S
ashd (59) 5 HgilS abaii =Sy> 5,5 oS s9de aidS S5
G253 19 ol ] 5 5| gy (oS T Lpe 3 S9bs0 Sland
dowdy 5 czpily Jusd 51 G sleald Sos pozen 43
OMb 05 45 |2ty JBla @ L (8ye 4 sl ] w0
GSrac dlge (Ll g Gl w8y Glaldl slise 4 )L oy
gaie slaylelly @ diuly Jlud oy ISysba Hewl
oz ;| dhd L_;L:b‘_,f).)g Uy oK leib)l‘:")‘;! Jr e
GRl381 b S (laiSay vl 5138535 Ui 085 0 38 canlins
Ol ye 9 0add e Gy (5l 5L 330 (5553l cashad ol
b calie cups & glosle prrizean Blaubie il
Lo ieghy MHewly soled (6 yTemn Hlud (bl adly 50
9 ! wLu.a 3'9.4 Wi ) U)Lu.u uSe aS ol 03ls u‘.wu
S By 39 0315 ashal 4y (g s gloj 3215 2 (535l 4z
Oial8l b aS ous sumlie Lo yialesT 43 gyepll e39i (50 yidin
L5163 5o i b 830 ey (RIS Ly g lgs

Selily ol ot 5 iloding (s 4 Gl wisllhe
'y 9 Nd-YAG udly y5 51 oslawl b LQOT).'?.S’ EAREVEARYY
S5 5 sl cesuinegll aile (3¥gs 2 @il iy
Nd- Gudly )5 b U3 SLIT jusee Gg Gl 03 (1721 ailesgy
3 lyelly (35580 lgieds Gl By 5 Gy ey YAG
& (6,505 slapialel 53 1ad ans b by i ¢ nSUS
el Gy 330 b psainesIT (i 03 )l Uy (53 Lodings sl
Sise slayelly plsieds Gully (udlS)d 5 55 JLas S
© S Glagiolyl 5l G0 prizen 18060 (Syme
L ol Gl sl slge wddlog & 59 9 5l Sl (g5ludse
Gialil 45 ol o oals oLt vl 48 ol a3
sl Shail ralS 4y e cpudly Uope GRS g Gy ey
o> dlge wablay &5 55 Jole ayipen by 5531 9 3900
3 5l 6 5 lagialegT B s Pllewd Gy a0l

144 (63 ) oyladd oY) )9

3gd Jlud uBe 5 380 slayialyly ey
55 uilyly Sl b olpa Y15 555
YRR AP SOREE e

PhD * 3 lisadsys oolgsuddgil

Ol Ao (Agie sawgdyd o]y ( SlSe uotigs 9, cdliwl

BSc (g4iy0 Sasw

o 9,8 ol ( SilKe sudige oaSiils iyl ol S ggzdils
ol

PRD obssd (s same

Ol cdguin (uwgdyd osliils (SilSe oo 0aSidls o Lsbiwl

MSc (5545 dabld s3uw

Oyl i (g8 o&isls SilKe uwdige oaSuidls Iy (ggmadls

oaS>

)y T3 55 e S ytably S ((Kerf)dyS (oye) Gy sl Uiy
Sl yiaS digim g Gl iVl w8 glime 4y ol (0l g 39,0 sladas 5 b
VO« yld y3d G o8 31 (6 pSop b G ol 53 950l sl (Byae
2135555 slaytebly eled 51 380 518 32 Jus (slanyid s 53 4 g
23) Uy ey (g VO B FO- 65l 53) p3d 0lgs Jold iy sl (pe 3
+0 15 -0 3l 53) Il ahi cumise (4l yiapke W B Ve gl
3338 ,LE8 g (agslae VIO B +/5 65l 53) ySaaks U 50 alold (ol
A cwlius b 316L 555 sVed Gy9 Gy e «OL VA B VY b
e b 5bd gape 658510 51 ey el esd gy sieilie
OLid 5 5 plsi ad patde ANOVA L 2uls Jul=i g oiag (slapowse
B 50 abold 5 Gl ey 55 9 I3 Gl sl (85 b eoditne bl 58
35 03 Gl dbis cusdge s Jld (e b pugSae dhly IS ashs
ol g oS 3 s S (336 (6 35US 53 el 8l lsieas
ooy gl Gaim ol 53 9 aiaS [l (Bpe U Al atdls 48 ahaws (555
Sgag2 20y Vo 15 () Ky s g g Byae dlinyioll oo @alati b 05
O o ;b Oy s Jio (9205 3l Sexe b paizen . nbise
o Bales] 2l b of ks dunlio 51 5 a0l cussay calize (slayieally

A osmlice Jao Jou8 B wds

< B1BL (355 358 (i sl Udye pld s i) (5, ey s’
35 dhaii cusdse

WARLYNY redlyys ayli
WARLANY : s &0yl
farshid@um.ac.ir :Jgiume odiuygs®

dodio -\
ol ilize il (sl Sliz ool So 4 sl )y o390l
L3 (35 5 39, pale 51 )i SaS 4 slge (53518 9
4 olsioe Gusld ol slenyls dezjl 3gdise g
33,1 b wlabd g5lol Mafldlsw b esbuw 54455,
5 lodg) a3 S 5 (5,5e2 (2B ungs sleoy pszen
505 0sgy lajlll 5 @il (olSbsr B wlxio
M stile slasysd alez 51 (8 UsS whild (b ol
sl Sl Glan g SeS 4 Sy (Jlepll S olal

Urte SyilSo udige ele dolinle



w o el Uy olyam V18 55 K598l 656 12 Sine (slmptalily Goungs:

igej 3 0l 5 ooy Sl 4 dzgi b pSl> o )3 95005
53 316L o3G5 Vg pSadiz alS 85 dlge (5508
S5y Laslen gilio sl oslitulsyse liead 5| loyind
Ol s ol8ts 51 (6 Sese b o2l § (28,0 (2l
e 08y 52 3853 (slamyiolyly pless (g wlg VO« yuils
5 OllesT ytahie oA culius @y 316L (33335 2Ygs &)
3 lg8 Gy ey sl Sl lie Layiol)ly gl Sloads
53 ) GigilS dlai comBge g lSasks B 50 alols I8 jLas
B16L )33555 393 (559 )ladd e 9 uolind i 5 55 oL
oY el ol Gy yiehe V B /0 glacwls Gy b
1 oslital 350 i caelins 4Sepl 4 dzgily cul S3ey
O 29 BB S g el Jiohie ) 51 peS G ol
4 L cwl oads csmlin G 0wl o b kb e
ogVe Gadized oyl sl o i1y (YU Sl (Bye (55051
Sleclel slayially plad (o (sl @olz GlalesT S plaxdl
xSe3lal 53 wds Gralidl gl ohg (slaponSe it S
e iledse gl |y drole amli g 03)S exlastul JLuds (ye
ol 03y )54 )bl

S5 Gl o wlasive e ds ol (Gadixd oyl aolsl s
sy byially oy sl o0 sl sloptalesl 55 g puld
s e (655851831 tnas 43 bogape ilondgi a0
g sxndilyl slaiale;l 51 Jeols 20 cdalsl 3 35d 0 )l
(3L so 435 aleyd 351550 5158 iy g0 yialyly o il
wiBlay Jol> Jio @83 Gy g GsmesS) SeS 4 jled oy
90

Lo tolesT -V

5 5 g yold y3) G olKis 51 o3bital U bayiulefT pla
4l plalee Bvr iy dindig 9 wly VO lgs ST
osls pliad V S 53 oS jshiles 3900 plail el jlsy95p
Blgie 395 e oy 9 Jsb sl 53 oBiws ol ezl o0
5 (ie W VB (655 sLas by sas eladl | wilxiio (55K
2950 a5 s i (e z sl

ol B16L 35555 3Y93 5 iy (sl oslisol )90 )5 iz
Js 5 3Yg8 ol sl o g ilien (slacaalins 5 45

@lg YO olgi b pmld i iy oBiiwes () S

Modares Mechanical Engineering

).u;b el 0ad oalaiuwl 316L U)Jgi\) 3Vgd iy (sly dtwgu
53 1162283l il 00l (sunypa Sl (236 31 (SIS il uBge
b 035555 3953 Gg )led (e iz S lagtalesl 51 S0
25 vl 0313 ol 1 psld 530 U g 53 yioshen Vo ceanlinis
b (S35 53 g8 ahil coumdge 60518 L oS osls las
Slge sy &35 g ,lud (dre B LS (I3l 55 5 B9 e
30 alold 5 155 oy 31 i ol )3 1220 il
o 4 colins Sy (gl By g ol o ayy 1S ashd 15
Silwdie &8 (_g)i,g) UMJLA)T 2 el odd aidlay layial)ly
€02 y5) 31 ealitanl b 5555 3993 9 Ly 53 5Led Bye 518
ely azhd (YU s 53 (HilS ahils (6 25318 <039 dz g5 )90
338 5L 58l Gadiss ol 5 18l 6ud [l (dye LialS
55 95 oyl 93 Loyl e ol 0391 pusiie Jlud e
V) ool b 316L ¢53855 sV iy sl 38 5Lad o
ool 3 9 0ad (uyp (65503 BaBn )3 yuld 5 b yielue
MO0l aidly (ialidl )l poye lasd Gialidl b als

U S sladadite ()l e 55 5 (6,503 el
Gl wlidiad ool 51 Se ) el oad plail (6 peuly Slgo 55
55 eslatl b yielie W celxe 4 o pwlGh @i o
ol s 3851 oslaswl e &S el oad o3ls ylid (CO2
S oo 9 bbb @) yuidon jled oy iS5 HAZ el
Hssi0 @ys ol Ol »d il duady 3509 (0l
g weyw iali8l S oads oaly lid Fudmd el 5 el
6503 dallbe ;3 3550 )l By halS el (lgs hals
b oy 558 5Lid g (gilS ahai cusBge ytohl 93 5 5
B9 Uy 5> o Sl HAZ 5 (i g yiee gy el 9 Yl
0155 65 53 31 ol b yioihe VIV cuwlins 4 elisSLL
9 58 Hlis Laals wmse plas gl o5 ad oy CO2
el dshd () ahw 3 Gl dbil casise 5358
23 odinnigd e B39 50 iy sl oy LIS i3Sl
Ol 5 ey (HgilS abiti amBse pili (5,508 lapiolel
e Gbgyxe gl g ol Sl oye YUl o 1y 45
‘L:buﬁ,gLa)’T ol ol &S cwol 03,5 uwyp CO2 lgs ﬁS»;J
Sl dse el b (595 30 SIS dbaki caidse (58
Pl 0355 Jool> 1y s ) (5e GapieS 9 Vb

ol 4o b 93 ey b el ) sniislal wlellhe elad
oS oA o yal ool el 4S5 il 350 sl Sye
LTy 55,1383 slaytalyly plad plojem uany 31 GBI 2l
G wlallbe 51 5oy By 3=V ablS Gestes 53 5 by
i 4 ol onds oslitul ,uolspne (i 51 lngiolesT
69y 2 b wlidad 51 (Bp-V g Mgy sleday @8 Jud
ol o ol B16L (35855 388 5l e G318 Ly g wljldyue

Volume 21, Issue 1, January 2021



oblSen 5 Bplidadyd ploypdsdl 1

S e (55 olail ¥

Se )l esdiomss glayiehly polul y ladiged by 51 Ga
oslitul ,ld Udye (556510 sl sy (sslanueSe gl
Blackfly JuSylSe W (rasyes Jolds eitucsa ol -l o
Jio KOWA (JuSeole W wic g BFS-U3-12054M Jio
daso o ol> g il ugd JoSe 45 o9 LM3SFC
By el g (61055 (g yzeSd Sl rrizmen 9
SolapunSe pituaw ol oad oslatwl jSaskd g (g
S ome el sad esls las QlI-Y S s sadianogs
Vision Assistant I3y SeS a3 Jool> yglai «(s;lspunse
osSilee 3810y ol 53 exdinsi slaylil b g ilay 2018
rolald diged glgisds =¥ JS 53 b dwle jled (oye
25U s bgape a5 W U A slagiolesT i s 5l enis glay
950 4> Vo vl JLed (dye 1 (SIS ahails casge

S VY 5 4 jaome (490

=y

(70 -0 Ty

gl ¥

o

1<

(=" A\

(€]

0o 3l Jolo sslad (©) 5 solapuese piuaw () (¥ JS&
Pl dhil caedge wilpusd il 45 )l

144 (63 ) oyladd oY) )9

SHK5 il 53 cwglio 5 oslhe e Jlnl cope
b ladase s dlazjl 555U gilio 53 egite las)ls
Sl S5yly> sl Jde size Ulf.u)hp sigpel .3ls (glazio
oalatwl wi=iew (_]Luu gy Gl sl o oo oKt 5
2 oxd oslaiwl 316L 3555 Vgd wluSy sops uizen
RO PV I PRES

Sl 2 ol pe lpmsd gt 5 agstolef] eladl (sl
o isiS all gasa by ey 53 o5 Jolis Lol
Ol I8 Lt g, Sashs s 5 50 alols Sashs s 4
B cwol oads o yialyly yo (sl wlpnet o ol )y aiad
sl oxd iyymi 039amme I (528 B oyt (b y ogMe
3 o Buile Byb 5l ou sleiidin ;3ie 4y loyiolyly
K9 a5 wlopad jl pBaags Jopueyd 35d azss
B o555 onliteol wiblisyl s oy ol b 45 538 luliss,ls
ladiged sroleuddoe Gy 4 ymie wilio slayiehly cuSy
slyiehly Guyn @l Gl Gy cwlhs puizes 39
Oy Al s oslasiwl 390 38 g yieskie /A condeylil
Ofl33] 5 oy ssbiiedy 38 Gialesl (BT 53l (3g s
AN 1B colzs @ slaEsg sl olud oy wlusl )y cwls
LJ.OLMJ LDUMJLQ)T L,.ALA.! wlazdn A& eslaiwl ).m(_,.b.n \ 9
el oxol ¥ Jgam 5y (ol pslie g Lo yialy Ly

(595 2 03458, 183 55 sl 5o (g 45 (il tolesT acgae
el 0l el (g el 0 ity bghas wijgods 5 §yg S
wlysd 4 baype SV U ¢ slagiales] 4 beype diged ¥ S
5 whd digSe U wad jued YulS ladiges JSUI 1 oslaiul
g il xdaw (g5 5l oaiyT slasle

VIPL (355 3Ysd (55 (b Sy (Y Josiz

oldse 10y3  JSuisep | pgSae paSaes | UNSolad
*-y VF-\e A=V o[V S31603

2 U0 s @lynsd) VB F glaggei] a5 baspe (i diged (¥ JS&
Gl yoye

Urte SyilSo udige ele dolinle



0 o el Uy olyam V18 55 K598l 656 12 Sine (slmptalily Goungs:

pg(bar) ;1 jLas

ol Gains glayialejl (gl oadopmss polio 5 ayiohly (¥ Joio

ds(mm),igilS cusdge

=YIo

=YIo

-0
-Yib

Yi0

=YIo

=YIo

=YIo

4>l bl adls )8 xhuw (55) » HPLS dhild 8y i
askad (Lo (3ae,3 5 390 JSla> b (535 2 (53531 il s
0B Ul 4 i yol ol gdise D93 (i ey b
38 -7 US4 Gl ol s Masd e b ol )3 )l
damYo JS ol 3 &S jobples iS5 wldl ) g9850 o
093¢ 33550 ol axbhas ) ol (HilS dlati (38 (g0
@l 53 yiehly ol S5 GSisbds 9 sede sy ju sl
S13903 53 &Sl 53 ay @3V -l a2 eIl Sl JLed ooy
3 ol GlS dbii cumdse Sl Ghie palie wp-F JS
Vb Ggils ahais cusBge Silis e cuie ylio g 42hs mhw

s |
B ol Gl 3 45 cul Gage iebly ,S4eks 55U alols
OR8] 4zt GralesT ol 53 Llewsl 138,35 351 25
lols dz s cal 0353,ld oy (0 Saghs 15 J5L alols
Ol 426 @ &5 (558 Gl sde s HlSasks 51 50
o 5l Azl 3 w39y wlg> ey (g 5eS eyl S0
9 392 @lo> ylaye55 Gy 4l 5l e edlsy by xS
azgl -t IS0 wiilea |y )lud 8y (RS Qlgie oz ol
Loy s olgiioe 3 )l (e o 35 5Ld 3l (sl 08
b oy b5l slge Bio &5 lad (ialisl 08 53 Gealice
08se olid (Ralidl b cadls ISl olgise ug PaS e yid
g 50 o3l eilpud ol -t IS s b Gli8l Ll
Sl Bye mnys S lanil aind ol 43 4 el T

Modares Mechanical Engineering

& e -F

33 o glal sl yhgy Glke La:Ls):So)‘IJA" 9 Lhoyoﬂ olad
i gyl Jels glie wedndy plil 8 slapisy
cwl oad oaly liss ¥ S s suu_lLﬂ)T).b X Lg),\.fo)'h}l
e 316L (5555 3993 pl j3a) G )3 5l oy sl
il cusige (i ey o olet el i 51 Sy 4
33 iy a4 cwols g B lasd Sashd U 50 dold (igils
A i ol 5 ol odds ealy Gioled 2-F B ll-F gla S
3950 diBlayy Jols zall s

S 0By gt Rl b oS 350 abamde I-F S
L (53939 63 0lgt pRIBI b STl nbse Gl 5
edse gd osle I gyt 4l g 3900 yldey ashd
Gy ey 398 yidions slads Udye oS s il lgi e
o3ls glis o= F IS 5 )ls sl pye b pugSae dhal, (s
of wde ubie GialS Jlud (dye ey Glalidl b 45 oad
65 iz el o caul aghd 5 andl GiiSeay ole Gials
S99 53 o) ol 4y dzgi b GISysbds 950 dshal ) yieS
Y0 3 A8y yiii ¢ iy e 45wl o] Bu (59139 g
HAZ amb als cel YU ey Ko Byb 1 asl awsls |
Plewl 30 Gy 30T8 Cllao 45 3550 323

Il grbaas 43 o (gl aais cyeise (65138530 Gy (51w
BBlas Ly a4 (S35 dhadi jy oS cudls dogi iSO ol o b
3 3l 418 595 latie VL )3 ld JBe andl kS o35

Volume 21, Issue 1, January 2021



blSan g Blitadsd oloprdsl 11

A
Yo 5
3 e i
T .
£ Iy
AT
AR
Yo \E ¥ A+ \e- Ny, v
(MM/s) Cas yun
(@)
<f.
<IY0
3 i
: e, ®
g e . .
E Iy [ i
"o
AR
“f- 1B /e Al Y/ ", ..
(mm) 15 axlsd U J30 alotd
()
‘¥
LAY
9,
A I N A s @ e »
CELE
g s
= e
AR
o Y . Y/ SR S VRN V]
(z)

S Uoye (silwdie ¢l 5y .cwl Minitab 16 Statistical
ol Wslso sl osal sy yiahly i 5o 51 sl sy
ol oo 5 5L 8se ku @ 3 45 0390\ dlatly sy @S
wilwshs ol Gl orzer cwl pGhe cwey
AY 51 G sl cdols gamSy oulpliy .cwl R? = 0.872
ROWISIIY. JY=TC R IIEVRPIS COM IR FPRuas:

ky, =0.000131 x P — 0.000882 x V
—0.049 X ds — 0.0451 X d,, + 0.0157 X p, )

+0.0957 xt+0

ik polie 31 L3 wosdpldl (s3ludse 53 cul S5 4 o3V
51 ohs Jie U osds eslitul (dy) isilS dails cosbse il
o iliel gl puizen 28l Jlyebn VL @8
] oadr oslil Lalilel mlt b dwlie 5l Jols
S dele sl (8ye 394050 odmlitio jlagal gl 53 &S ysbles
Bl ead oledl Gholej] ¥ U duolie j3 (Jgu8 L5 wds %Sy
oo Gt 6l 1y ossesS) 5l Jel> @l Glsie palnl
035555 398 yiailae ) U o/ slayg mmld 15 G 5 sled
5,15 @ 316L

144 (63 ) oyladd oY) )9

(mm) L 3¢
=
(>4
»
ot

W) oty
()

(mm) ;L pye
=
>4
@

-# -0 -F -¥ -¥ ) 47 +F +F b 45
(Mm) GgilS alai Condgo

()
ne
N -IYD
' A S (U S PrrrrLl L @
3 e -
z
E e
-
Ve \IY s iy ™ s

(Bar) ;15 ,Lis

(&)

ol =lhb GLDWLAJT)J X% LS)fSDle.SI b e (F JS

sdalino -t JSb 55 el yiaado VU +/0 slacuolxs 4o
e (393> U oked (8 (&9 wolind (aali81 b a5 39 50
3 sl g @y 05 cwlhs s a4 bkl 55 59
Lol 3y 3959 gy iy ol cosiolzl (_;Lao)lial)li
oslo pa> Ialisl Juds 4 Gyg cwelis GaaliSl b Sysbay
IBlbise Gaal38) 50 5k (6pe cosibigd

YY olo 53 a5 3950 camlie ¥ S (slylagad adS (s b
ol UBse aS g Gy (§aoS ol exdpelanil (ioles]
b sl Sy el egle Y g o/VE o)
O 1 9 3 aehl by (SgilS dhil casdse eyl
5B Lad ppyieS g, ashd B 50 abold i coepmw
2 yloiho WYl eS jlud (e a4 o gd oslaiul
Zeove @bl @88 ami leice e edbcws (lsise
Ol 8l 2l didion el 4 o | )b (oye dayially
FeS sl pac slgo ez (slime dy ol Lae3 50 (S %FS 5
ol Gy T8 Y Sl wds

o Slwdse gl b oS 5l (ol i 4 425 b
U9”‘"‘")§) ‘ol_’>_|| LSI)'.' odlasiwl ))9.4)])5“0).\ el 0 c)Lé.'i.wUL.x..J’J

wipde Silke udige pale dolinle



14 o el Uy olyam V18 55 K598l 656 12 Sine (slmptalily Goungs:

@oled 0oy 631l I Gyl Jao il sl

b Jol> 5 e 2l 05 GlanusSe pllun S SeS

Bgibiso yieS Hled pdye vy GRalBl g ol GRalSTL e
58 jLas (el g gk B J56 dlold gl puises
D90 sl oy phalS el ju

dhil casdse bl oy whundd )5 el guyiyise e
The (595 F il coslse S50y 9wl HglS
old o jlu - a230 azuii ) )Ll 8ye (y2eS (A8
93 5 5l 1 55 G ey g sk b s

Ve 394> LuolS el oKaos syl xumo ﬁa.la.u .
Sy w8 dzgi BB (il 9 Ly Slge g (g0
9 G dhaii (315 418 (Gl ol Sleidoy Sede
alols uMJ')Q')JJ 9),~5|.\> CUC iy g U’S—’)l oalatuwl ‘a.la.w
ol Saaks 5 30

SaS @ ondsloul Jao goli b oaBiole)] zult dualic o
Golbe @y 5 S Gl (8ye Grota sl wssesS)
13 59556 Jao

LS')? (Gl U.J| @Lu aS cuwl ‘4)3))*) A4S U.Jl £ D)Lf.ﬂ .
5 oslawl 390 316L 4335; Ved wilsbo yid iy

sl 0 4188 IS @y (glamio Silys (sl i wmio

olpils degaze I pol> Galind Biiungi :ilayad g SKas
dizej ulaieS goine 9 3k slocples b oS ugi LB Lalb
Iy S caled gl eald |y Gaisd ol Spuien 9 Lpiolesl gl

-\J)Ib
Jol> ale wlhgize $gd(0 Msie o Biiung 1 SUS] 4anls
b g oxid uL> Lg)i,p dlxo 53 oabdilyl a_vLu 9 0394 kboT g
ool by bglojl b seslio (o)lel digSaus rgdlia ()les

AN
4 ey
kS o
i AR
2 ®
““i -Iva
5 ..
T Ny
E .

<IY0

A -IYY AL ¥ AL ¢

(mm) iy lejl yolie

oSy 5l el palie 5 (aBtolejl palie dunlie (B JS

oled (ye 5 el s (6,138580 lakie 3583 unys sl J>
119,281 ] ous di8)S 0p00 ANOVA (ylo b sanilyylg Judss !
S hinge byl Jelxs
el osol ¥ Jgaz 43 c0d el Minitab 16 Statistical

MPley SeS @

S gdxe 53 Jehly 3 mgw ke Jaaz ol 3 rizen
Jgsz ol bl p ol oddds duuwl=e Uy o L;LQWLA)T
S s @l 3 1y il putin Sl 4k cysise
%O0 334> 5 313 408 45 b (i 53 316L (13555 3Ys8 3
0313 Lt 50,503 (slagtmgy )3 ,lud (oye wlyusi ;s el
Ccadyi (SIS dhdl cuslge | asy [222325.26] ¢l o
5155 AOY% L s e pon g 1A/ FO% Ly ,lSdsbs 5 30 alols

S55l055 5 skl Be 31l 53 (5SS e

S nS ot -0
950 Dgwxa yixd iy 53 oo RS plehly S lid (oye
1l 55 eubiid B slayelly g0 4 dzgd b Gaid ol )
2 0 631385535 Glho 5 ebl o (A8 G sl o Gy
1Bz slagiolel B16L (135855 g8 &9 sl (e
265 edS elail juld i) Gy oSy SeS 4 g 2k

3185 3929 _ . .
olalesl €5 (iludse o Jud= (sl Ghalejl VY Jolds 500
S (e 53 yebly o 23 olie 5 ANOVA Jsaz (¥ Jgoz
ﬁ)h(':/‘-")?:)‘m P aslio F aslio (mm?) esleyye :Sileo 33T dzys (mm?) elaye gez FTENS
o
ofees VE/VO4 o[+ YADAF 5 VNSV (Kw) Jso
A% RN VIYAA ofeesV YAV ) ofeesV YAV (P) 3 olss
INING VR Al£2aY o[ FEYWY \ o[ FEYWY (V) Gl ey
AR ofose OFIYOY NRZRIZA ) o[oFe YO (ds) 35 dhss cusdgs
V¥ of o) V/YESY NRENTEY ) NRENTE) (dn) ,5asks 5 ;U alols
W A WYY ofeses¥eY \ ofases¥eY (po) 38 L
Y/ e YIYYYO e WAYY ) e NAYY (1) &yg wwolinsd
o[++sO¥YOA W [++£AVYY Residual
NA\le VIYF o[++s¥1R) o[+ OYOYA Lack of fit
o[+esYVF\S o[+ \WYA Pure error
5 [OF A Js

Modares Mechanical Engineering

Volume 21, Issue 1, January 2021



oblSen g 3plidadsd lopudal A

Nd: YAG laser. Journal of Materials Processing
Technology. 2005;168(3):438-447.

16- Parthiban A, Sathish S, Chandrasekaran M. Fuzzy
logic based modeling of co2 laser cutting for stainless
steel sheet. ARPN journal of Engineering and Applied
Science. 2017;12:1780-1784.

17- Dubey AK, Yadava V. Multi-objective optimization
of Nd: YAG laser cutting of nickel-based superalloy
sheet using orthogonal array with principal
component analysis. Optics and Lasers in Engineering.
2008;46(2):124-132.

18- Dubey AK, Yadava V. Optimization of kerf quality
during pulsed laser cutting of aluminium alloy sheet.
Journal of materials processing technology.
2008;204(1-3):412-418.

19- Pandey AK, Dubey AK. Taguchi based fuzzy logic
optimization of multiple quality characteristics in laser
cutting of Duralumin sheet. Optics and lasers in
engineering. 2012;50(3):328-335.

20- Pandey AK, Dubey AK. Multiple quality
optimization in laser cutting of difficult-to-laser-cut
material using grey-fuzzy methodology. The
International Journal of Advanced Manufacturing
Technology. 2013;65(1-4):421-431.

21- Rajamani D, Tamilarasan A. Fuzzy and regression
modeling for Nd: YAG laser cutting of Ti-6Al-4V
superalloy sheet. Journal for Manufacturing Science
and Production. 2016;16(3):153-162.

22- Wandera C, Kujanpaa V. Characterization of the
melt removal rate in laser cutting of thick-section
stainless steel. Journal of Laser Applications.
2010;22(2):62-70.

23- Wandera C, Kujanpad V. Optimization of
parameters for fibre laser cutting of a 10 mm stainless
steel plate. Proceedings of the Institution of Mechanical
Engineers, Part B: Journal of Engineering Manufacture.
2011;225(5):641-649.

24- Haddadi E, Moradi M, Ghavidel AK, Ghavidel AK,
Meiabadi S. Experimental and parametric evaluation of
cut quality characteristics in CO2 laser cutting of
polystyrene. Optik. 2019;184:103-114.

25- Moradi M, Mehrabi O, Azdast T, Benyounis KY. The
effect of low power CO2 laser cutting process
parameters on polycarbonate cut quality produced by
injection molding. Modares Mechanical Engineering.
2017;17(2):93-100.

26- Moradi M, Karami Moghadam M, Shamsborhan M,
Bodaghi M, Falavandi H. Post-Processing of FDM 3D-
Printed Polylactic Acid Parts by Laser Beam Cutting.
Polymers. 2020;12(3):550.

27- Patel P, Modi BS, Sheth S, Patel T. Experimental
investigation, modelling and comparison of kerfwidth
in laser cutting of GFRP. Bonfring International Journal
of Industrial Engineering and Management Science.
2015;5(2):55-62.

28- Moradi M, KaramiMoghadam M. High power diode
laser surface hardening of AISI 4130; statistical
modelling and optimization. Optics & Laser
Technology. 2019;111:554-570.

144 (63 ) oyladd oY) )9

5 Ladaly (! oatunsh) Bobasiyd ols gl oBsiungs pew
SSdmgSy (93 odiuash) e amw - ¥ lol Sl
Pobadd uwssese — %Y loosls Slhdas g dlie 0,55
(59 aebld oums — %Y+ (g, 3 Syl (pom o3iush)
LY+ o 015,85 g Sitimgdy (olez okiensh)

ol 045 Gl Bl bagd (53390 1o ilio

&ls

1- Moradi M, Ashoori A, Hasani A. Additive
manufacturing of stellite 6 superalloy by direct laser
metal deposition-Part 1: Effects of laser power and
focal plane position. Optics & Laser Technology.
2020:106328.

2- Chen H, Lu Y, Luo D, Lai ], Liu D. Epitaxial laser
deposition of single crystal Ni-based superalloys:
repair of complex geometry. Journal of Materials
Processing Technology. 2020:116782.

3- Safari M. A study on the laser tube bending process:
Effects of the irradiating length and the number of
irradiating passes. Iranian Journal of Materials
Forming. 2020;7(1):46-53.

4- Safari M, Alves de Sousa R, Joudaki J. Fabrication of
saddle-shaped surfaces by a laser forming process: An
experimental and statistical investigation. Metals.
2020;10(7):883.

5- Mostaan H, Shamanian M, Hasani S, Safari M,
Szpunar JA. Nd: YAG laser micro-welding of ultra-thin
FeCo-V magnetic alloy: optimization of weld strength.
Transactions of Nonferrous Metals Society of China.
2017;27(8):1735-1746.

6- Trinh LN, Lee D. The Characteristics of Laser
Welding of a Thin Aluminum Tab and Steel Battery
Case for Lithium-Ion Battery. Metals. 2020;10(6):842.
7- Moradi M, Arabi H, Nasab S], Benyounis KY. A
comparative study of laser surface hardening of AISI
410 and 420 martensitic stainless steels by using diode
laser. Optics & Laser Technology. 2019;111:347-357.
8- Steen WM, Mazumder ]. Laser material processing.
springer science & business media; 2010.

9- Ion ]. Laser processing of engineering materials:
principles, procedure and industrial application.
Elsevier; 2005.

10- Hashemzadeh M. Investigations into fibre laser
cutting (Doctoral dissertation, University  of
Nottingham).

11- Dong L, Samson B. Fiber Lasers: Basics, Technology,
and Applications. Crc Press; 2016.

12-
https://www.esabna.com/us/en/education/blog/wh
at-is-cutting-kerf.cfm.

13- Stelzer S, Mahrle A, Wetzig A, Beyer E.
Experimental investigations on fusion cutting stainless
steel with fiber and CO2 laser beams. Physics Procedia.
2013;41:399-404.

14- Caristan CL. Laser cutting guide for manufacturing.
Society of manufacturing engineers; 2004.

15- Ghany KA, Newishy M. Cutting of 1.2 mm thick
austenitic stainless steel sheet using pulsed and CW

Urte SyilSo udige ele dolinle



