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Numerical and Experimental Analysis of Bowing Defect in the Flexible Roll Forming
of Copper-Aluminum Double Layer Sheets
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Abstract

Double-layer sheet forming methods are developed in various industries due to their dual properties and
wide application. In this paper, the numerical and experimental investigation of the bowing defect in the
flexible roll forming process of double-layer sheets have been discussed. Numerical analysis has been
conducted using Abaqus finite element software and experimental tests using a single-station flexible roll
forming machine. After validation of the numerical model, the effects of significant parameters on the
bowing defect in the flexible roll forming process, including the forming angle, sheet thickness, sheet wing
length, and the displacement of sheet layers have been investigated using full factorial design of
experiments method and finite element simulations. The results were analyzed using the Analysis of
Variance statistical method. The results showed that with increase of the forming angle and wing length,
the amount of bowing defect increases while it decreases with the increase of the thickness of the sheet.
Also, the arrangement of layers is also effective in the occurrence of the bowing defect. The results showed
that the bowing defect in the Al-Cu layer material increased from 2.152 to 2.646 mm with the increase of
the wing length from 18 to 25 mm.

Keywords: Flexible Roll Forming; Bowing Defect; Double Layer Sheet; Numerical Simulation.

CYVCAAVYYY ¥ S8 ¢ YA-EYYD- oY il ¢ Jptas odiags) ¥
y dadg ar@t v u .ac.ir : Ksg xS Gy (0]



T R

b ol b @ slagy oaedss anls el [1Y]
W3 990 dgaoe slizl (g, ez I e g, 2T S
55,5 Jelge 31 ok &5 Gysb 4l )18 e
V] l5on 5 oS e b plSal 31 ol 3513
"Shape-RF" sl a4 (gasm aw dgaze sliz! aolpy lawgs
L A5 Jelse g 00,5 Jow 1) 0,m (Sl a0 S8 w3
whlie sl jlad 4y Culbes o (sl Gltal Wioged )
V] ol 5 K1Y a5 adl| gglite adgl (3,5 JSCo
Sle gaa JSh aild sguze gl (ileand el L
aiols las Wb plSouiwl b o¥g8 uix 51 Ldg (sl oy
bl aboe Gl 55 (i wosos o Jl o3l Gl L
951555 b Sl ool b grdgn inle S 3 (prizpan
oo n Jb o3 po a8 )T il 9 03,5 (yp e
Wadee el Sedar b 4l Gy e ons
ad o Jsb (5 9, 1y Slios V0] a5 L2,
GBS gblio 055 sl S5 5 e Slexs S lyie @
ol plonl glrsel (9 5 peions el 90 4SS
2B oz sl e gl Jl G ol
5 WS pdlel i 1) (o Ss BTs sl sleelSn!
5 za)S wisls &l LSzl ol Sl (ol lais,
a1y payolhsl St s ss anlp DF] ol SKeas
Wy 5o ooliiul 9550 Slalad 0dgi (gl caslio LDy (lsie
Orized il 0,57 (B yme Yo plSoinsl L (glas¥gh 5,055
Sy Jgere B9y 5 Py ool solal samlie @
o2 090 |y (52,93 oy 5 V] o Sen 5 il
Sale o S 0 sdes i S aisls 3 axllas g
elis )| GO a5 sl G5 S Sul e ppiyillas]
Job & Cus 35 IS5 a2l (5955 g Sl 5o ool ol
2 Sl e gl 1y (L Jae SO Ll el G
D9dioe Ol ke (2)e b &S 5y IS 4l 5l (e
SiSis e g 3500 b VAL e 4 g3l assls asl)
o D90 |y e ol pdySlasl (Sle oo IS 5o 5 )5
o 31 ooliial U o koo g 43325 45 g ool 1,3 dalllas
L 9y §y9 &5 il yo aniloy (JKa g A5 S

9 Wbioe Liall a4 S adlie S e (RIS

doddo —)

3 olabd cabe yo pdy s (Sle (a0 JSb wl
S8 oy 9 axdllan polaie 4 LY N o)l (gl 0,15
iyl 4y gl M) g el iy illanil Sale o IS5
ool (55978 0 (SE (B SSL

o oS olfag] (g0l 31 0w S 0 S olSaso
59 4 Ygare beile ool il wim ol oSyl o
ol 9oy Al digh oo pend (Fnly 9 2V o
oo IS anlp o s e eolitul 3 il gzl
Sy b o5 (B SE Jlade Jlael b o ST
e S s Jlsie 5 g Glaps ol 0 Sile
101 2,25 o IS Jlais 50 oo glans 5 955 g0 ol (318
“Jle o il Sl 55 ahaie mhaw 9 Cwls by, ol 5o
wYair 5 oSy glaylislo b Gy 5l eolinul 31 sla
lin > ol (5318 ¥ 5o slags g [F] ol il anngs
4 Wgdoo Dome 35 Wi SVsame oy ol
B B9 SRR ISE dee Jod ) pla SR Gl
b (SorsIl elss sl (ialor 5 (59,5 plp 5o Saeglie
Loojgpel ardlige anje falS 5 (59 2ol (mpblice
glee o ) )5 a4 Slbad 5l gk 5,58 S0
ghe b plbaddsn g5 5l Lad-lsn 5 ool (s3lugyoe>
i3 3 Sk £55 cal aulgs sl el it e oo
ol 5o L7 0] ssi e solitul pisiillanl Sile as S
o> s Jor Shgs S p egdle lasile )
2 e b ol Wb 8 algly g (S lacs >
Brobgools s | lbStle Comdge olSiws J S aliy
25 g 1) enae Jpame (Ses Gloj g 4n3a (0 S
S92y Jedo 4 (g, (ol 4 (gadgl DY gaze 1o Lol Csee
30 oS glasl) Jusl sl o g)lad ¢ oniS dslais go
~ S Sl 955 0 oamliin (A5 o0 i Jdon 55 0
Gl s 5)lad el o 55 ad (atie ojluilay (2o
e V] 0580 Jsbo I3 lars (ausS am b yo 5 Jsbo
S Al G (Fanb Jels anls ol o Jpame e
s e 5 [V (6,08 caS [V o] ad zlogel A

7 0 o /11 0,90 /1F ¥ Jl /o )L g Lo jlw Swilso



YY | ofyen g SilSals

"S5 pe S ols plas ]y Judgp e g ol ad (ad logse
ul)lS.a.m 9 149‘ Sl Ja—w OMOAJ)JW )‘ 0‘9.4 L;i..l.c A5°°
2 S L pasdlasl Sele s Ss anl )b [V
o) poe Jodd a5 028 )5 asm i g wisls plowl PLC lawgs
ool Sgzgr (JUl dihaie L2AS A5y e S Sanl
Q,o.l g 6‘)-.‘ LQJ e r:)‘y J)’_:A O 6.»....5 Lgl;bu;‘;..i;
oolaw] Cond U‘-"l BN J.Js/u Jl) ‘5:..0540 0)95 )‘ alfe
LY Jb 6°}‘“\3‘ Cnd LS’)'Z’ S>> g_i: e Le,j ..\.:o;
all ad (59,55 0ex e 3l xS ez sl Ty By culs
WS Sanl cue a5 wisls olas [YO] o)l 5es 4 g9 .aols
Aigly axlad ad o s LS Job S 4 oud a
~Gillanil Sie o IS5 anld b s s ol e
plol oS! aw ;0 parivagll/o¥ss 4Y g0 slo,s 5l pdy
ol Hlid @l 00,5 (g p (275 Dyge a1y Byg 0
2tz PR b anlp ol 5 86 sk la i s e
ST wnl p opdle I35 o 3l a8 Cgee 59
oaios JSud glaay (Sl Slhiogas 4 Gul 4y Job
Sl S s pSoslal L [YP] o Kan 5 Lgl ols (S
5 By Job olel jo wglite bl jo kdg s sad 9 &S
Ol Jelos g e iy Bllasil (SEle cas S wul )
gl aiisloyy Jdgp iS (Sl coe cle sy g b
b Jsl adlaie g)lad (idy (Soop ,o |y @S (Sanl 59,
Wols ndgi 4l cpl (2o IS 5 3L el 5l eolarl
a5 0 Jedy o loass asly b [YY] ol S 5 sloxus
S)ge MBS it oy 9y p 1) (@SS ol
~aSSab b o slagiales] plail b Ll wisls )13 o
a5 0si8l Cwd asl opl 4 0 l0aSS Al ey g oniyle
SIISL o) (293 0 don 0 )loaSs 4l o5y
ol ol awles gy 40 ol 6 e e ralS Eely
OhlSen 5 05 el Sl 39 ahate v § Culs )
Sype piyllasl Sale ao S o1, 6,135 ,L s [YA]

3 Flanging

7 0 b /1Y 0,98 /1F Y Jl /o i g o jlw Silso

Gl s B ol & 55 S 5,5 ey b IS
B 5 25 il oo BT CenSS 59,0 45 (Sloj b o
sl e et b a5 giluand @lp S5 )
Sols sl IS U G5 50 pdydilhasl Sl o JSi
slead sl asb jo 5oL ey VAl o)) Ken 5 Sl
3,90 el Ob o glad 4 Gl 59 Culs a5 1) o>
DS a8 55 (S sy gy T 0l 13 aolles
oolarul b JSo JUIS alaio o b pdyillassl STle 20
Cawsd 4 ol Al b oS lo Ve CanSll Jlre il
a5 ol oumlice g @L..: 9P Sl sl L ol
sz &l e pcwlie T8l o cass L
oy Vo] hKea 5 Sls cwl SLoemw
slagyy phdlasl (Sl 2K 50 1) (S0P
Trls (50,55 0nr ol S sy g anlllas 3550 (530
Ol 0 a8 Sl 90y ygue dllaie yo (ad o Slozse)
-0 a8 50 loses e S o i 59 alate o
BT 5N LS 5 6 ol piycillan! Sale oo
BB g 5 S p gl oy sl |y Jgamme S5 LA
sdyoillal Sl ms S anls e (a)) milb glis)|
6)'15 u.mf).: 4.33‘} U.SuL.a ...\3.))5 6)':5%'"\3‘ ‘slblf ébl.u
U5 sladge ST aS 0gr cpl el Cavsts azs .l
Fhe oid,S aulgn 5 il Fy5n BB ojlail 4y S5e (o lud
Oemw kSl g S and Logd e lozge ad WS sl )
Slp 1y Uiey ool bl oo sl alesT alol L [YY]
S5 et Bos b o b S5 (slosbsy oy
2] b olfiws Gl eoliiul b b yislesl ol sl
OS2l 28 plomil WL plSoxil b 5858 slags g 53, 2
oad oS Sygo a1y B TILI 1580 a5 [YY] )l Sen o
2l gilwand @ly Olies Lo sgame sl 38105 L
b g loand bl a8 )55 @ am aw (SEld 2o S

! Soft failure criterion
2 Argon soft failure criterion
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Interaction Plot for Bow defect simulation (mm)
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