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Experimental Investigation and Finite Element Simulation of
Hole-Flanging Process by Single Point Incremental Forming
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ARTICLE INFO ABSTRACT

Incremental forming method with lower cost and more flexibility can be a suitable alternative
Article Type for traditional methods of the hole-flanging. In this study, the possibility of square hole-flanging
Original Research of AL1050 aluminum sheet using incremental forming method has been investigated and the

quality of the pyramid flange has been compared with conical flange. The final shape of the
Authors flange is defined so that wall angle increases with raising height. The process simulation was
Soltani B.*! PhD, performed using Abaqus software and an experimental test was done to validate the simulation
Babaeeian M.! MSc, results. After performing the experimental tests, flange features such as the final size of the hole,
Ghasemi H."' MSc flange height, and wall thickness were measured. The results showed that at the created flange

around the circular hole, there is less spring back and more dimensional accuracy, however, it
can be flanged a square hole by incremental approach with consideration of the height and hole
size. The dimensional measurements showed that the final size of the hole will increase after
the hole-flanging. By investigation of the various holes, it was found that in the larger initial

hole, increasing the hole size after the flanging will be lower.
How to cite this article

Soltani B, Babaeeian M, Ghasemi H. Keywords Incremental Forming; Hole-Flanging; Finite Element Simulation; Dimensional Ac-

Experimental Investigation and Fin- curacy; Thickness Distribution
ite Element Simulation of Hole-Flan-

ging Process by Single Point Increm-
ental Forming. Modares Mechanical
Engineering. 2020;20(7):1861-187
2.

CITATION LINKS

[1] Apparatus and process for incremental dieless forming [2]| Deformation modes and lip
fracture during hole-flanging of circular plates of anisotropic materials [3] Studies on hole-
flanging process using multistage incremental forming [4| Backward drawing of necks
'Solid Design Department, Mechani- using incremental approach [5] Hole-flanging by incremental sheet forming [6] Hole
g?l}(gs}?;ﬁ?g?fa:?ﬁg? University  fanging with ironing of two-ply thick sheet metals [7] A new process design for performing
hole-flanging operations by incremental sheet forming. Procedia Engineering [8]
Preliminary investigation on homogenization of the thickness distribution in hole flanging
by SPIF [9] Experimental study of hole-flanging by single-stage incremental sheet forming
[10] Finite element simulations of laser-assisted incremental forming and investigation on
*Correspondence the process parametersinincremental forming by experimental approach [ 11| Experimental
Address: Solid Design Department, study and simulation using the finite element method for sheet hole flanging process by
Mechanical ~Engineering = Faculty, incremental sheet forming and process improvement using the Taguchi process [12]

University of Kashan, Kashan, Iran. Analysis of hole flanging on AA5052 alloy by single point incremental forming process [13]
Postal Code: 8731751167.

Phone: +98 (31) 55913426 Investigations on hole-flanging by paddle forming and a comparison with single point
Fax: - incremental forming [14| Deformation mechanics and failure mode in stretch and shrink
bsoltani@kashanu.ac.ir flanging by double-sided incremental forming [15] Deformation feature of sheet metals

during inclined hole-flanging by two-point incremental forming [16| Experimental
Article History investigation on the effective parameters on forming force, dimensional accuracy and

Received: November 18,2019
Accepted: April 10, 2020
ePublished: July 20, 2020

thickness distribution in single point incremental forming [ 17| Numerical and experimental
investigation of single point incremental forming of two-layer sheet metals

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.


http://www.freepatentsonline.com/3342051.html
https://asmedigitalcollection.asme.org/manufacturingscience/article-abstract/99/3/738/428339/Deformation-Modes-and-Lip-Fracture-During-Hole?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/abs/pii/S1755581710000040
https://www.scientific.net/KEM.473.105
https://www.sciencedirect.com/science/article/abs/pii/S0890695512000478
https://www.sciencedirect.com/science/article/abs/pii/S0924013699000254
https://www.sciencedirect.com/science/article/pii/S187770581401604X
https://www.sciencedirect.com/science/article/pii/S2351978917307369
https://www.sciencedirect.com/science/article/abs/pii/S0924013616302060
https://ganj.irandoc.ac.ir//#/articles/2b90ec22977a4736152c1b02aefd1ea5
https://ganj.irandoc.ac.ir//#/articles/e0247f299fd3f82e70cf4c77765d53a1
https://www.sciencedirect.com/science/article/pii/S2214785317328304
https://www.sciencedirect.com/science/article/pii/S0020740319311415
https://www.sciencedirect.com/science/article/pii/S0020740318307926
https://link.springer.com/article/10.1007/s12541-019-00296-6
https://mme.modares.ac.ir/article-15-7051-en.html
https://mme.modares.ac.ir/article-15-1227-en.html

ohlSas 5 Lillaks sligs VASY

G595 Sty IS S G2 sl el g 03T Sy
ol Case edioe el 0ad cali 0ayl3aSi oy Bhbl I a5
6l ool cal o oligS (g jlwoslel Glej 9 cly aije ds)
sl anolia g digas gy el 3 d9ama dlami b 1lss
o olsiedy T bawgs (518 glagyy Gz GR3JSE ld
4ol slagialel plzil b 0% Jlw 53 5 i ke adsl o
W3 53 1 Sl dine) ol 53 035tuS liniod (s 4945 5
oz b Sl Rl (3B ey R GRS
Ghed ey ol (s330e o Gl elad Gy colis (G
ol 53 33l 36 Gyg e iadSd n R oy ey Sl
sty 5 ey liiets SUSS ol i
cal ond oladl il alise

18 ol Ll GeISE pawe gy S Ehgw 3Tl
g dnhd jalb sgun Ehow slaad cagii Gl wo3tuS b
3uls nlo 5 sl @ B9 5l rand Jlail ey prizan
35 50 L3 ealatl 350,505

wlellhe cwl 800 Ehsw o35l gl Giswe by,
# S Gy ol 2 & cwl @S wnge dine) ol S (630
i 0135885 SO bawgs SLbl 5l g 313 418 Elgw S (85550
Ghoye gils sl sl @il o bl el o axdly oS
dols 303 ol 350 JU8 IS i s (glailyial g
9 sl dgdige QLIS 5 Ghed wygedy Glae JSb s
wislyy baghaw oSl )3 JSb us Gy 4 Plphes
G b osle Sl sl Sty 5 dwsie wile lelge
LA33S

9w & Ehow ¢3Sihad il powe Gimue (b,
9 4udls 5L 3k whngad 4 WS e eslaiwl Guy 9 oyl
gl 325 (gl b gyl 5wl YU gy gl b aulgs digie
dgad el g 3gaxe 5 @S @z> b adgs sl el culio
digie g iy spiSlbel L gsad eSS (i) s
Al G glaghyy sl e oSl wlgie xeS
3958 sty (B I oslaiwl (Bl & (g3)lg0 55 puizan
Obsy DI 3929 B (6x5)h5 9 anw =S sl @Y slas
oSl il Johe jl (Solad g aalss 1L (g9ai
b plan il oad osly gl ) S 53 (5903 gy b Elgw
g ol g 00yy3455 S > Blbl 5l 59 g0 camliv 4
0 oo Sb a4 |y Ehow 4 (patine (s39ac o5 SO bl
Aedse S g 63)S

S eslaiul ol Gy Sae b lapiegh 3l sledu
g (s9ad RISSD by I eslaiwl b §yg Ehgw S)laed
G9ad GRS gy I esliiwl b Blgils g (go5 canl a8
vz e bl SO oS Lo« sl gl
Lo ah Ginlidl (2 ygody |y Elhgw 4h8 lgie gldl> e
GxSslr 4 olons 53 Gy >l Gl SwSil 1S ol

WA 3.V gylad Ve o9

3l 3990 (g2l (giludud 9 u2T u
G23JSd I osliiwl b @9 Ehow o3Slaed
hEiSS (593

PhD il 3349
ol lals lals o&eils SHlKe Luwdige 0385 wilsalz >hb og)f
MSc L3LL slapge
ol lals lals o&eils SHlKe Luwdige 0385 wilsalz >hb og)f
MSc oul8 yiws>
ol lals lals o&eils SHlKe Luwdige 038U wilsalz >hb og)f

03:5>

Slgie Yo pipdlheil 5 gl dje b Gl4bEcSS ggal (23S ()
ol 3 4Bl B9 Ebgw IS psure slagbs) e Grelie polz
§ okl b AL1050 egainesl &35 5o Ehow 0oy5sad olSel il
sadslonl oy gld oS 5 i8S JL5 un 30 (5983 GBS Ui,
oads Ly sligSay s (aled KB cawl oad dulio bgye @ils b
30l8 (Slwdd 0l Glalsl yasa elas) (a3l b oles aygls 45
Ulalefl (sjlodid @l paxiuliel (ghy g b pladl GugSLT 8ley b
wile il (slaShs 020 slaialell pladl Sl Guy .83 pladl 3 Glac
NN UL«w aJLu A (wyy .o)|933 Cuals 9 a*ls 6[63) .'C|)9w sl olul
Gl edy g jiaS (5,8 ERAR $lolsy Ehgw Jom osddlxyl ad 3 a5
3l sRe Ehow lgie Ehw ol g glas) damde by g canl yidey
slasl 45 sl i lagds (eolasl (6, Sela0l gl 355 lsad (gead L) b
leghow Gy b wdly sales Gl adybal gy Ehow il
syl Galidl pliee bl Sy ddsl Ehow 4z 5 o5 1 oumlive alise
93 3lgS oS (35 mls 5l g Elgw

gdlal 8 game plall (gilwand Ehsw 3T (goad RIS laclgls
cwolis gjgs

WANA/VY bl gls
WAY/V/YY iy o)l

bsoltani@kashanu.ac.ir : Jgius sy’

doddo
Gl il 5 caldy 9 a5 Gl Jeloay s3] (slalo
5 anls ell gloy (3ga330lsS ww¥game g3 3L
sohie pan cwl @idS LS degi y9e gl aije GlalS
pipSliassl | &S witn Galaghy, JWs 4 iy gilio
boylse 5 S audly awdls 5L xS byl 4 o3
dgad Sl .l wlehd adgl dgal g el aanl
Judsts rae aiS wile Jsame (slaig, I esliswl b adg]
51 odlasuwl o5g el ] Aty g ppley (B el @ LS
0Sen | 1z (slaghsy GhyteS s sl )3 yigaels
ol odd axSlayy oy hasl o laigy 5l S el aisle
23l Ly m3US (sl (8l (5900 a3 S s
oxl S U Sl Sy 5 0398 B ol 4 (gl 1S ol
(Computer Numerical Control) CNC  pile dluwga

ode Sl usige (dmgly-(sele doliale



WY glahBicST (gpai ;@35S jl oslitnl b @9 Ehow oS 1l)8 39420 (sl (gilesdesd § 23 g

Oby Gl ol 53 priges b sl Gilide slaylly
2l olgns SuBSHU s (sln lalzpe dz (s9ed a3
A oslasiwl

oS 108 55 oS Wlesgas W5 M2l Ul g Lijytizgo
L AASOS52 iz 5l GBys (59 » (5305 GRS 3l ealastwl
9 Juagwl 55> 9 Gihes ey slasially 53 sk I oslatul
) olgas cualis Grals g abw (505 ol (s39ae o5 prizan
oS 1 ol oadelail Gugy @ilhe prizan wiluy JBlas 4
SndaS wun S5 LT e Ehaw kS & lag)s
9 GRISD gy duglie 4 (Bl 5 Sl .l
B9 Ebsw oD sl Glon s Uy 9 slahaisS
G5 GnhalSh worblols mli glhe 45 uldisly,
099 0 oo lite JSal 5> (6181-T1) (eguiwesll
GBS (g9ad GIJSE Gy I e Glon RIS
Ohey ran @ MHGhSen 5 T cwl ord csaline
o Ehow b ledyy aun ldhbiipy (5903 RIJSE
orbols mli Glhe o5 LESsly wpld 5l osme JSb
Eazmo glocand 3 of euiidSs » @lillbal gy
ol ssie slacwud )3 g e Sl Ehow ghie ahw e
oS RIS by MBlphlSen 5 gz oyl Gale
ozl Ry o) R Ebsw v gl | gldhaiigs
L (SUS 304) &5 1o sVss s (Al 6061) puiesll
2 39as Ehgw jeme & U )3 5 ekt 9 ) slacwlis
SRS 0390 camlie 4 W3 eladl ccwnd §y9 aw
5 Heol (S5 ae Wgd puiz b g S0 slagy 3 e
sdolcwnsay gl @lhe guizen 5 dplice wye s
H d9ee 0p> jexe &S Gl )3 (gl Sd & L patide
il o8 g e Sy il 4l cud Gy abw
Y o

Obsy 4 onls JSb 4 @y Ehgm «id,Seladl wlinid elad
6l oy ol 3 geSU Lol sl oads jlaad (g0 RIS
oSl Wlio cyal 5 sl o0 o3liul Lapye Ehges o355
Sl oslasul b AL1050 esuipesll @35 Gsye Ehgw uSylaad
CudsS g cwl @3S 5 asllhe 9o (s9ed BIJSE (g,
Gl -l oad duglie Ghgye @ild b cadalzl Gap zild
oosSUT Ll38leys Sl eslaial L eadSa wld ¢ jskiie ol
5 G b olen & cal of Ban dlie ol 13 4 (lods
el wapbad slaghow I 58y wledbl ¢yl
Ehow Gleb ol wiile weadsll 4 sl Shy Sl e
ld ell 1 dd oy cwlis Ghals gl 5 ad glas)
el 5l Jolo mlis Griwese caz prizen sl cund
5 U8 @S 5 1 el Gy Gos 2 AT Lilal Glidley
L1 dunlie po b (g5lwand

Modares Mechanical Engineering

Gl B oS Slahd Elgw p3S)lad @ )6 LT oy 38
Ehow o35l @l HhlSan 9 T palaliy 395 gl
099, 51 3985 paituns yebay Sl ey Sl Gl )3 oS (glashd
e ol pesSse e8> b glalye uiz gaad RIS
S 5085 05080 a4 BlghlSen g gitiw . 1335 oslaiul
o315l 31 gl aiis gy (g9a3 gy 4 Elgw pAS)Iaad a8 5
693 GRS bgy el cublB n ) Elhsw
Canddy ) cwsd (S plie g didgad Guyy (ldbEISS
r¥e olany ali b bgye Sy JSi 4 Ehaw dd aingT
O Gl 20 duglio b 81 Sen g (oBTogT 0 a3 S
G 0l sl Galialel @S 5 s9ue izl by,
sobay dgazme gl b IS wsly lid gy eusd
KB g GeadSs wld Goin sl olice )50
PyhlSan 5 glool 3905 oxlaiul 318 aVes slagry 2l
A2 gy 93 9 BT upn |y (93 oS slacadgaze
Godie 8y (il g s S wld ply Ghels Gua b
L X33ga5 alyl

93 R3S gFhl I eslatwl by BlyhSan o Ll pud)go
&9 (5ilwdigy 4 23S oSy NC 55 2¥ol g (slal>ye
4 ooty S boglailsiel il gles Gy cwlis
b1y eSSl ey eSleiSy caalius

103 53 poriaesll G953 S Gy 4 hlSen 5 5T
SO ogead GRS gy S ot b ghsw g3S)laad
Ebow dgad 95 ho b sniifSd o g wslyy glaloye
03591 Cuwdd

Gl G 5 s9ed GRSd 1l dulie 4 MO0 awld
D8 93 39ame (sl (g3l 1 oslaiwl b Elygu 3,534
393 AL1050 sz I @y9 eadpladl Lhaghy 53 .l aislsy,
ezl e olgas digli b bgyxe JSb 4 mild (g5 duqlie g
2 Ahd 93 dunlie g oadplal Gladild 4 dazgi b ab
Ad Gz G5 s gledl jl GaS slass (905 R3S
pled Grg b B ulad dbax) > (B » & G o
oged Aited Gl Gl by el 15y cuewd
byyro 4y cawd (65035 o)lans gli 9 Gas (s9a RIS
©ead gy 4 cdddlel s Lwie wdy g oy wl)l Bans
» G ewl e gbsy 4 eadalml ails 51 YL
Ao St OIS @y el (g9a RIS

5 s390e o8 Gl ,h3 (glayiably Gy 4 Mok e
gl ol ) Sl mils (golal @8y (595 (g9rdan ey
gl b byyxe JSb 4y @9 Ehgw 5 392 AI1050 iz 51 @9
0xiySd slayially plojar ;36 .0 jladd az)d FO coli oylgsd
4 oo slagialel Gohb bzl elis)l 5 olas 4l (o)
Sy obe I a9 b e o2SU Gy,

Volume 20, Issue 7, July 2020



oblSan 5 oillako sjg VASF

oad aiblo jioiliele jhd 4 oSas s b dlgiel JSi 4
Oipge plole 4zl 3 9 SBhel Jele oS il el
oz b el a3 dSid a0ls el s Ll n g Jele
oYU s il ool o5 oad @bl L S
o ai3)S a3 ;3 48y ytegshaeleee il (5o ey 3l
23l siaghial o U Ggila> S 4 il Sy rue .l
caw 4 plojen diwgy ysbay il Gigils Sy Filil
Oly byyxe 5 @ JE caw 4 g g 00T Sy gl
deb Ggile wSe bl walnle g0
o SIS Eyg b s g il S aspieSlesy
Gos 4 0GRS dgh Fae wuwl jS GRIJSD gl Y
g1 a2lss JeslgS) culis @is 5 S B

9 2 JSb 4 ashd Guaie Jao lanl ol e gaess sln
A giledd LS l8les5 )y 55 g0 slel b (28U bgye
o 9 b oals JUEl e 5oy Hli8ley a4y oadiais b Jao g
bt il =Sy ey (3908 o5 ol wlatie el
digal (595 Goil> wygods il Sy e g Il Sy £,
bugs ol <S> puwe G-Code 25> LB i (gjlwdse
(23S Azt )y g oKy wSys g ad oailgs CNC yuilo
38 plail ol ilbae

Jre 5l Grs xdadSd 3> s sl MphlSan 5 (s0)f
ol b8l eygods o o)lgas o 45 13,5 oaliiwl e
dghd o)lgnd el odd o3y plid W Sl > S jgb len
2L sl R S ool slad 31 cul opnls o 5l GilaS
9y blas wlaike glgise onls 35 wlaike guolylis!
13 el gl 3yl oty |y sl il wS)o jue S plaS
oaiaraS slal b ghow SO @y S 53 Ehaw o3l
o o)lgns dygli b bgyxe g o wygiody GRS b sl
UK s of Solad 45 canl oad olail 4zys Ae 5 Ve
Sy ghiie jhd 5 oy Sy ghie slayl .l o e3ly ylis
@9 3Sr0 Ehsw ojlul @y ol Sz ghiio 9 yieled® bgyre
V sz 55 boyhe 9 op uais slaShy cwl oad (o)
Sy b g9l R3Sl gy 4 &ly 5>zl ol oaly 2y
09 5 oM 3 oo e 4 ol sladd Elhgw Jo> L
S

GuseSS LS o3ail Sl @y SHlSe elgs el (sl
powinesll @y 3l aall disad 93 jokiie pl (sl A osliul
3968 § 355 gz > ASTM B557 syluiliwl b AL1050
23S olail ladigad (59, GRS pgail 9 M aiBle 351 gz
D8 ol 5y odliwl Y50 Gagainesll Grg GRS LRI Hlagad
ol lid V 4lsged 53 oadd ghiwl LiiS (gel Gub &S
S yio y @S sliSYVoo (egrinesll )5 ISz cul onih
el JSWLESEs Kb Jgae g o/ MV gwley copd

WA 3.V gylad Ve o9

R3S i3 s

oJJ)L\QSj \\‘ // Sl JSa

/
// /

LI

925 GRS ey 4 B9 Ebgw Sl ails (v JSo

o3 Glalell

porinesll Guiz Sl Gy GeadSE s agh ol
Gleghsw BSE 3 b g stephe) cwlis b AL1050
0Bl @ S <y ild g8 gz o 5p0 53 Glonls 5 =0
el o3 ool (a8 by e g

Gr9 S0 > 9 N odgp Jleke B\ sl b bag)g
5 yialieSexse g FOXFD FoxVe slal b Lo alaghow
ld 53w sl ylehwefe g FO Yo jhd L (gloyls
B9 cali 0ayl3aSS Sy > Bhbl I Gy Ll (s9ad GBS
oS i aisl g ool oaylsaSs S o Bialel ell (gl
Joli caol oxd osls Gioled ¥ JSE 5 o5 jgb plen
ol B9 ) dxbio g @9 0SS dxbo ly slaciend
G=pe Ehgw 03SyIxad by g 039y g2 W &y9 ) axbe
e 9 steilieleextoo slayl 4y 2up0 0)a> Sy Iy dxio
4 Glopls gax Soghls axbo I slopls Ehgw ¢3)S)ls4d
sl o o3liiaol yiogslueloo b

P

o_\3)|>4§j d=xb0

s

&9 oJJ)bd.iJ (Y 5o

2 OB Nunsl LS Gheglh s eluly Ga3dSd slayiably
Sl Gralegl el 53 [8lew] sa ol ((gg0d 23S dinwe;

ode Sl usige (dmgly-(sele doliale



VAPD (GMbEST (g9a3 @3S 5l oalitl b @9 Ehgw ouSHlsad 1l 3920 (slizl (gilusdnnd § 2T e

Ehow b @as il gilodie 53 i dingy ol passis
el yiolioo/O 9V VO il 43 (guuyie o slwefexse
s ) eaddels gas jl Jolo mlis F Hlasal @lho o
390 0amline 45 digS plan b duglio Sy b (oo S
33 ol B0 3l yiaS peleo/d 9 ) slaple jd ol wglas
Vo sl Gl eedlo 93l pule el leg Sl &S g
sl Sl edeled g Glalish dasay 9 palnbe sl iy
el oad oMatwol (@9 (sMpIe o2 lohie)

4 oslo (olys polaisl g wishd acgaze (giludre 5l o
S @ilhe wlehd Wb gyhe J8 cund )3 4l Gilbe @)
A0 Slge S0uS5 (59, 0 F

0.5mm ==o=1mm =—&—15mm

(mm) zods glas,l

Job

S Calizo il dw )y Jud=d l Jols zolit duglio (Y jlagas

wileld Ol.e.\,v,% o9z (£ JSKo

Gy g bl
oy 185 onilonl 4 il 5 SzeS Ehaw ojlul 4z o
oler gioheWexte slail b Goiye Ehgw gl el swlg>
53 oxdall o0 slodigS g0 camlin O JSi ,n &5 4igS
9 4 el odgyiion Jasa i (SHb sl Ehow a (S
d2le 53 olens (SuBSHU st )3 5 G st SadS
el b dzii ol w8le Glasl Sl laaingS)s (s Sis il
Gihie 9de o gy (gl ST (g9ad RIJSE
O odgr sl @9 bl peled ahw 2lg8 gl 5 el
B9 4 oaylsaSS (sow I syt cdgame LnadeS 55 4yl
6300 GRS 4> @9 JSb 4k Glol slare g0 Jlas
OGS g Blo zohw 3 (RIS 5 lmbe (IS eyged

Modares Mechanical Engineering

x&io g)lgs gl b (a8l ey (WS

(AW yiolo 4o dlacel) ywe JSii (Giio o)lgad wlasin () Jgiz

&l (h3) gls Job o gl olgad gled

Wo Ly A
£0 Y/e oy/oY
To Yo/Y Y'Y/

350.00

R e e e L e e i ok e im L Sl e e s e S S S S e S e e e e m
280.0p ===
245.0f

210.0f -

0.55 1.10 1.65 220 275 330 385 4.40 495 5.50

o108 g BB LT Hlage3 (1 5l3ge3

9420 slizl (5ilwand
dzgi g ad oslitl GugSLT Jl38ley 5l wld (gjlwand (sl
Sl 30 50 b (lapidS sl 9 Seelios YalS cunle 4
Wl ()5 pae Jadsdy 5 0 oslisl Julods ez mape S

A (Gilwdnd gamdw wygoa

G g 5955 w0 b o lailgiul diwgy eygods Sl
Jao wdlo cygoty cul (led )3 Gy L &5 013585 axio
RRASD s eyg0d) Jaghsw axbo S 4y )9 el oad
el 038 Jio yioihie) cuoline b

pisSl 5l @9 b 0aplaaSs gyl g oeled (gilwdsd (sln
el oads 4183 Ja3 53 o Zohw oy Sl oy g Gl
213345 amio 9 =Sy e g ol WolS )b Loz Sl G
gy il ©S)e pne il oxd Jao coli Yol 55 ;)
ool plell b i i) (s390e o5 L Gigile
sshiedy il (S4R) loS ¥ (slatwgy pledl (Julos (sl

Volume 20, Issue 7, July 2020



ohlSan 5 Lillabo sljg VASF

25 A

15 o Y

(mm) glas)l

10 - /

25 A

15 - V

(mm) glas)l

30 A

25 A

20 A

15 o

(mm) glas)l

(2)
oo Ehow b @ro (W0 srue 53 o @il s JSi (V jlagad
Ehow b &9 (& oieGketOxi0 im0 Ehow b @9 (@ loihealexto
sragheToxTe (2,0

WA 3. gylad Ve o9

@9 9 W on SBhel (i cwl basgS ) (5595093
Uil g (oo liwly 53) (s lpdlcaal (il ccamd 93 Jolis
b conlly cwl Glo zohuw yly g3 Luydi (S8 gy0 yuao
Oialidl SWhol (i gaae gloddsS cuw @ lnl eSS

[0)edl salgs
P b IS slalsye 9 a3 S g3l eslatwl b
bgiye ygai )3 o5 yob plaa .l o JE o s aigS
Sio g0 camlie O S 53 slopls 'C|)9MJ L Gy @
IS by olisl Gl Gape show slaassS s & LSl
Ao 5 Vo il o)lgns asgly a5 (s 53 3ylad dgmg Ll )3 (glogls

el 03)S Ui Ay

8 4y Ehow by Ghgyke aild g yahialoxte Zligw b oy aild (B JS&
Soikiole

@l e8> uyy
9 onld 5hd (59) (hgyRe il awsia (galal w8y Gy e
ol b (S el odd Guyp o 93 (59, Lo s e
S (b5 e 6505 9 HIBe Ehgw el by Sl &5
FSE 3 &S WSe Jeog st @ ]y op oucls (sladigS
wlaize CMM oiws jl oslaiwl b lail .cwl oai osls las
51 olitanl Uy Gpugan 108 (5355051001 il olss (g5,  @Bly blas
ALK bgyke g @0 il Judgy ordg il bl
(g slodudg ol 5l ealaswl b dalsl j3 ol oad paeys
ol oad wiBlyy gilednd 5 Gu20 sladisal duglie @
el 5l G Guad Ol g @ilwand I Jel> &ls
Ay Glopls 9 e Ehaw b @)g (Sl4biiSS (5305 o3]S
O U W slaylagad )3 lue 2 b cawd yd o5 oddds 2 yho dlayl

ol o3 031y oled

e Sl usige (dmgly-sele doliale



VAPV (b (g9a3 ;@3S 5l oalitl b @9 Ehgw guSHlsad 118 3920 (slizl (gilodnd § a3 g

30

25

20

(mm) glas)

15

10

30

25

20

(mm) gl

15

10

30

25

20

(mm) glas)l

15

10

@ oo Ehew b s (W obyye @ld g JSb (0 Jlagal
Ehgw b @9 (7 otepleto yhd 4y opls Elhow b @9 (0 oeileote,hd

30

25

20

15

(mm) glas)l

10

(af)

—_—
30

30

sogliale Jhd 4 opls

Modares Mechanical Engineering

— R meee—- LG)L"‘JW
4
[/
i [/
[
1/
[/
[/
[/
T [/
[/
[/
/
[/
4 [/
[/
[/
l/
[/
[/
- ¥
()
...... LG)L"‘JW — S
!
- ]
]
[
]
[
i [}
!
[}
1}
/
[/
e [/
/,
[/
[/
[/
/
(<)
...... LG)L"‘JW —
4
[
[}
1
T 1
{
[}
[
!
- [
/,
/4,
4
(2)

e Sl b s (G ¥ yeune 5 oapp il s S (€ slagad
Ehow b @y (& oielet0xt0 e Ehow b @y (2 gloslealeoxte

SroskeaToxle (52150

Volume 20, Issue 7, July 2020



oblSan 5 Lillko Sjgs VASA

1.6
—A— S —O— i

14
. \

0.8

D;/ D;

0.6
20 30 40 50 60 70

(mm) &l b3
Ebgw asl k8 4y Shgye gild (ke kB uwd oy (Y slagad

B 390 glai)l i Uas sy
sra 33l wb aiiS oS gk plan laghsw 3S)lsad (sl
S ol (59 &lg 13 5 00T w8y Ehgw Shbl s jatie
Sl 8y Gas paiSle ply of el & 88 byye by o
Loanld elasl o GasfSis 5l g ASGe wS> cwl
5l alols glasy) 45 1 oanlive srdslagl 4 slasyl (g ,Sejlal
el jiaS lil w8y Gas payiSle glar by adsl 858 elas)l
el (5900 GBISE 53 Gyg 658 wudSy Jubsy snyy
Shbl 42U )3 G909z el )9 53 39250 0i> 503 Jul
b ooled oz Jll il Ll Jolhe 535wl 5L Ehsw
23JSs aals 5l dohe ol ) el ST ciew SO 5l @
9 39d50 Sl GLE Jolhe 4 cund @9 53 55T slapiis
Ehow ol 4z o 39dad Jol> 5 yge glagl palnliy
Gl Gae 5wl 8B Gas pm OWesl Wil S
A 03y uudgs &S job plad ez b AeleS iy bl
53 Gos b b3l sxtian J>lhe 3l 58268 (slaghow 5
slogild ) s slhs 5 (638 Sy palily wwl (ules
b Gl el cand Iy Jwlss &) yiaS 5SS Ehgw b
Vg A slaylagad 5o Ehow ey 98 boyxe 9 2 gl 4

ol oad o3y lidd

08 T e = G025
2 ypuos = (25
0.7 e = T - sile 4
L N T e il
0.6 A e
N e
0.5
= Sss
= A
jas)
0.4
0.3
0.2
20 40 60 80
(mm) glyow glo Job

(ore 2il8) 4] (s £lif 4 s ol £l s (A gl

WA L5 Y glad o oy

ObsSilez slazild ;3 9o canlive laylsgel jl oS 5k glan
o.\.'x.tz:)uhi’.«j U"' A cuwl oad o> uAS &9 ) ‘d9| JESHVIEN
L a2gi b ol g el $She 43 (G sy (50 Sy
ol 43S g0 yigy RIS e slodigS [y Laylagal
ol 03 &S ol lad slonls Elhgw b lagild wsia G
el oad @3 U315 4 (55120 Gliae 4 Ehgw 4 logils
olal s il i SasS Ehaw ojlail dz o oS mdia Gl
3wl FSON Bae dwlin 4 g 039y ey oadslzl pudd
ouiin glhs oy s9ed Ubyy 4 pdSbad wld
asba sl 45 a3 &) S s I Glole 53 oabalel
2 @y g bl I Glewd g 03g8 §yg ahw (595 JoUS
GRS b g ald GLb Jolhe o gl - el poles
2 ol gl s A8 Ge Iy dgad Jidan Ehgw a4
03 s bl Sl sxtday Johe 5ol 382 slaghw
slagild )3 e glhs 5 (68 Sy by cuwl (b
Sl swlgs &) peS 3 S2eS Ehgw b

285 @88 Az plgie «slonls 5 G (slagild dunlio |
w8y g yiaS (68 Sy lonls Ehow Jo> oadslml 4l
OIS 3 (68 Sy el gl adl el i (solel
Nz GRS gy wile lagbyy I plgise e Ebsw
5 Joole bl daylygal 4 dzgi L3S eslaiwl (gldlzye
oledl (gilednds 5 020 Gialefl wllogs g Ehgw R3S
Ehgw Shail Gy

Glojlil B haw slol anld us @iy gibondS Jubsa
(Le) ails 2l glo Jsb s 7 jlagai cdly snlss (inlidl
olis o zild dw gl ) (L) ghow adgl gl Job 4
asl )b8 4y (De) ails les b8 cowd Y lagai 5 330
4 azgi b amsge glds Ghgyxe aild aw gl |y (D) how
o5lail 51 Blyssl wial iS5 Ehow ojlail 4> ;a0 ¥ g & (slaylagas
bt Ly clhas Vg £ slaylagad 53 391 walss yieS al
55135l ialil olise olsise olagad 5l osliial b eyl
3 oaedS (95 i b S0s slaglsw sl |y Ehgw
ol b steho®Y Jh8 LIy ozl eumlgsa ST Jlie olgicay
gl sh8 &5 5 uas glsie GRS Hebdr S s (b,
Al e Lo F 1l (o3S)laad I J8 Ehow

16 G —e— i

1.4
1.2

= 1
<
0.8
0.6
20 30 40 50 60 70
(mm) glsw ale Jsb
Ehsw adsl @ls Jsb 4 oy il (Rled @le Jsb cuwd Gy (8 lagad

Y

ode Sl usige (dmgly-(sele doliale



WA glbBicST (gga3 ;@35S jl oslitul b g Ehow oS 1l)8 39420 (sl (gilusdend § 2T g

ol o —A— G —— il

> LSS s Gyg gl 9y 2 Rbpsd LIS od 0.65

el (e Ehow 4z e el oad odly Ginlad A (S 0.6

deddds g odgy yldon @y9 S i al Al (5385 eS

coaiSlo ol et 5 5 GaNJSE (5o ) £lin) Ll

G el oy @ld slaadgS @ osiyly jhaleged S

S las S0 s, S ] . 6 S s 0.4
GRESIPSe G5 (S I pan yeS (6538 Sy e 2 " 0 o o 0
ccuwl o )l>_|| &9 31 (mm) éI)W)bé
(Gbosro aild) adsl o) el @y aild (e el s (3 lagad

—0— (Lu=)oo gl (Gu=5) Ghgyzo gild

- = (5l aud) Gon gl (S5l ad) g oo idd colius &l
1 T« e 5 .
il Ehgw gSHhad b 5> §9 SIBSIL e e

g 09 c

\% 08 Hlhade ad (680lul ylegSue b o sed S (sladigas
3 0'7 5 Gy el 93 53 sadalal 2l olgus 53 caolid uyieS
i ' dw celid gojei ol oad 03l lid Vo lagad 33 (g 3lwdand
E 06

E 4 dzgi bl odd odly lid VO JSd 5 o mild digal

0.5 R (e Sl & . oa s
S il ilep gl bl 5o s ol 4z e (S

04 i o5 jeb olan 45l pas .l yiaS LSS bl o
03 . L P
WSS @pe e gladdisS 3 1G9 eelis gl )y iaT AL

20 20 40 <0 60 20 sl czge YL S ol tewl Blo zohw ply g LJ).QJ
(mm) 2o slsl 2 Sy SISIU A )y o iy S S 9 (IS

oddadg slagdd 15 (39 coliusd (yiaS (Vo 4lagad s=le ol o L;)Li Jiz! g cwl dg9p40 @.19 6&4.4»9;

0.2

ETH
Cvg: 75}

1049400
1.011e+00
 T340-00

()

STH

(Avg: 75%)
#1.016e-+00
#9.B46e-01
49.537e-01
+9.228e-01

#6.447¢-01

(2)
Saghaafexfe e Ehow (z ek FOXFR e Ehgw (0 glepkaloxe e Ehow (Al aidly S s Gy ) cualis oS (Y JSb

Modares Mechanical Engineering Volume 20, Issue 7, July 2020



ohlSan 5 itk a5y 1AYe

5, Megas
SNEG, (fraction = -1.0)

+0A05e 402

()

5, Mises
SMEG, (fraction = -1.0)
[Avg: 75%)
+2.592e405
+2.377e405
+2 1616405
1 5

+1.7310405
+1.5168405
+1.3008405
+1.0850405
+8. 7010404
465400404
+4.3970404
472440404
+9.2390402

()

SroskeeFexse i Eligw (2 el FOXFR s21y0 Elgw (2 gloiskalexe (2130 Elhow (Call ABlLUSE 1as Gy9 5 jiale 099 (i oyius (A JS&

Oy

) (wall)
GRS (@ () (Al tbsy 93 4 onialaml 4 (les S (3 S
59

slael) (s305 23S 9 Sy 1 53 erdslzl 4 duglio (¥ Jsaz
(e ylokee 4

59ad GRS &SR GR3USD by,

YV/A W/t 2al8 glas)|

00 oy 2ald (ol 4hs
o/ ) o/AL cuolsd oyies

S5 dn
gl diged el g dgame slawi s Ehgw p3Sals e
oS digje gyl (gphlhsil b (geed mJSD by,
Oeizen 3L e slagbyy slrw 5 pSole Wlgice
i)l (Sl 09 plgie 9 RIISE by, Sl eslitul b
a4 dlie gl py ol GRS B pun Uhsy 4 cewd |y 4

WA 3. gylad Ve o9

SIS 9 (5903 GRIJSD (g, dunlie

G0 U9y 93 b G Ehsw oS4 ald dunlie gln
OosSUT l38leys p3 aald 93 so (glabadiST (ggai 23S
4 lonly Ehgw gy 93 dunlie gl ol osd (gludii
L Gilho jusio oylgns dgli by bgydo S 4y 9 yiloLaoFO 58
g8 o3 (gilwodud 5l a3 Jlsad \ Jgaz 53 008,53 slayl
LSlosdy duolie )iJAS_\ L oddsll (slaad

b bgyze JSib 4y diws <538 pp U9y @ S a5
dols 4 g @S> g I3 18G9 Sy 5 enpasS sla
3550 pladl GBS (Gyg Elyger

PGB0 s s GRAE Y Gy Rl S s 4
33 3980 odalie 5 digS plan .ol oad oaly plis A S
VP02 09l 9 00 ol (il Gee (5903 RIS
sy Ehsw slead Bpun S Ghge » cwl
el 01 Sy 9 SvsE oz

Joaz 53 a8 93 3l eslaiewl b osdslsnl aids oo duolie pulit
ohgy el cuie ¥ g a_i\.u L dazgi L cwl odal V
9o 1lyd 53 sadslel 4 el &5 cwnl ol (goad RIS
£y Ehow w3 b g el (L0 Gbey sy 95 L
9 U ARG caols Jusy oy ol cwl ol
2 0lgad SIS sl (5903 B NS 53 JSb ks
el oy ad gl gagpyidn Jalaay (903 RIJSD

e Sl usige (dmgly-sele doliale



VAV (gMbECST (590 ;@3S 5l oalatal b @19 Ehow ouSHlsad 1l8 3920 (slizl (gilsdnnd § a3 g

A5 )53 B dgh g (6390 1@8le ()la

(%00) Lol Sigly (sl oxiung) illale Shigr 10 siungd pgu
el g (YD) Lol Sitmgly (g3 oxiunsd) bl sl3pee
(%Y0) Lol Sitmgsy (pgw oxungs)

A3 553 o ngh g (6390 (o gilie

&lie

1- Leszak E. Apparatus and process for incremental
dieless forming, United States: Google Patents; 1967.

2- Johnson W, Chitkara NR, Minh HV. Deformation modes
and lip fracture during hole-flanging of circular plates of
anisotropic materials. Journal of Engineering for
Industry. Transactions of ASME. 1977;99(3):738-748.

3- Cui Z, Gao L. Studies on hole-flanging process using
multistage incremental forming. CIRP Journal of
Manufacturing Science and Technology. 2010;2(2):124-
128.

4- Petek A, Kuzman K, Fijavz R. Backward drawing of
necks using incremental approach. Key Engineering
Materials. 2011;473:105-112.

5- Centeno G, Silva MB, Cristino VAM, Vallellano C,
Martins PAF. Hole-flanging by incremental sheet
forming. International Journal of Machine Tools &
Manufacture. 2012;59:46-54.

6- Kumagai T, Hiroyuki S, Meng Y. Hole flanging with
ironing of two-ply thick sheet metals. Journal of
Materials Processing Technology. 1999;89-90:51-57.

7- Bambach M, Voswinckel H, Hirt G. A new process
design for performing hole-flanging operations by
incremental sheet forming. Procedia Engineering.
2014;81:2305-2310.

8- Morales-Palma D, Borrego M, Martinez-Donaire A],
Centeno G, Vallellano C. Preliminary investigation on
homogenization of the thickness distribution in hole
flanging by SPIF. Procedia Manufacturing. 2017;13:124-
131.

9- Borrego M, Morales-Palma D, Martinez-Donaire A],
Centeno G, Vallellano C. Experimental study of hole-
flanging by single-stage incremental sheet forming.
Journal of  Materials Processing  Technology.
2016;237:320-330.

10- Ghasemi H. Finite element simulations of laser-
assisted incremental forming and investigation on the
process parameters in incremental forming by
experimental approach [dissertation]. Kashan: Kashan
University; 2014. [Persian]

11- Hosseinikhah H. Experimental study and simulation
using the finite element method for sheet hole flanging
process by incremental sheet forming and process
improvement using the Taguchi process [dissertation].
Kashan: Kashan University; 2017. [Persian]

12- Mugendirana V, Gnanavelbabu A. Analysis of hole
flanging on AA5052 alloy by single point incremental
forming process. Materials Today: Proceedings.
2018;5(2):8596-8603.

13- Besong LI, Buhl ], Bambach M. Investigations on hole-
flanging by paddle forming and a comparison with single
point incremental forming. International Journal of
Mechanical Sciences. 2019;164:105143.

14- Zhang H, Zhang Z, Ren H, Cao ], Chen ]. Deformation
mechanics and failure mode in stretch and shrink
flanging by double-sided incremental forming.

Modares Mechanical Engineering

S gy 5l oslaial b o s slal olSel Gy
G 2ld (giledd 5 020 slapiilyl Ad dislyy (gga
oghow ad 45 Coiyi (o b ll Glonls 9 sy Elgw
GRS pusio o)lgas axgly b 4aSl bgyke 9 epe So S 4
20 Sy Jusay Grie gils )3 sl gl lapialel o
# I cwew e Ehgw NSl by ) Gig 4 (g
51 ol b sgdoe wslholi JSi sl el ol § 33,50
2 i 83 35 lp &S laloye Nz GRS (sl
693> U Iy o ol glsie 39060 B4 g903 GRS
A Salgs dislyy o 4 sam slagimgiy 3 45 L3ga0 Byby
2 &g ol Sl Gy 0 @il slaShs @85 xSl b
WSl (Grg el s g Ehsw S SRS g il gl
ool dla 45 sl Gl lagls (olayl (6, S5lnl b
Gt boedly weles sl paiylad I g Elsw
A5 adsl Ehow 4z o oS Wb ssalive lise glaglgw
PSS 4 sl oIl 4y Ehgw (Rled o5l iy
S Sl I puy Ehgw sl Gilél Glise ol cwl
Sy _\_Q:|9>

elas)l 5l sadslol ad glasyl gy 58 widSn oy Jubsaw
Gr9 Ebsw 4z ,2 M LIS oy g ales S (Saa
s adgl 8 sl @ cuws @mls glayy) sl S5
BN ‘éLd;i)l ol S cwl ('JT 5l Sl a_\Lu e Sl (g
(V pno) g3l awwg I sty (¥ o) 52130 Eyguo (slodingS
dodigd 4 o Ml huwg 4y (5,8 cdiSy caols g cwl
ol idgpdin

)’l o 09 ceolzs 45 3l ULM.u @.ls o)lgg) CuolBus L_S):}f")"-‘j'
FS2sS @iy Ehow ol 4z yo e el s dSs
S cadly wwlgs gyt GilS olgay 3§y cwlxe bl
Sy (SS9 sl S e e3game Job Galidl ol wde
S92 Gbgsze

5 u25 Gialgl ol moli pule i oylal a5 4igS lan
3950 odaldo pie Gk (g libley Sl I ol gl
ez ool gilednd I plen B sedie caw yol ol &
SaS (o3 Sd ald bl G yy womdy Ghuoke
gz iz ol )3 eadeladl Ghgy Sl ol e ppbily (8
b 5 oo whlee 5 20 glapgel Gials b g Bl
el jal ol 45 3900 oolaiwl il ol (lwdiug Hohieds
oty sLaytobly 4 sy 53 ey Gl g ledizie Glals
Sgiise 3l ol e eldl I plgebl Joas ce

A5 83 S wiang bawgi (5390 13RAB g S
285 553 S dhggh i (290 (YS! 4panls

Volume 20, Issue 7, July 2020



the effective parameters on forming force, dimensional
accuracy and thickness distribution in single point
incremental forming. Modares Mechanical Engineering.
2014;14(1):89-96. [Persian]

17- Zahedi A, Mollaei-Dariani B, Morovvati MR.
Numerical and experimental investigation of single point
incremental forming of two-layer sheet metals. Modares
Mechanical Engineering. 2015;14(14):1-8. [Persian]

WA 3.V gylad Ve o9

oblSan g illab sligs VAYY
International  Journal of Mechanical Sciences.
2019;144:216-222.

15- Chen X, Wen T, Qin ], Hu ], Zhang M, Zhang Z.
Deformation feature of sheet metals during inclined hole
-flanging by two-point incremental forming.
International Journal of Precision Engineering and
Manufacturing. 2020;21:169-176.

16- Ghasemi H, Soltani B. Experimental investigation on

ode Sl usige (dmgly-(sele doliale



	1497-MEK-Or-Ghasemi(37983)-IND
	1497-MEK-Or-Ghasemi(37983)-TXT

