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Article Type The springback phenomenon poses a significant challenge in the sheet metal bending process, adversely affecting the
Original Research dimensional accuracy of the workpiece. This study presents a systematic comparison of the effectiveness of two

modern techniques for springback reduction: low-frequency and ultrasonic vibration assistance, using the finite
element method. The model was developed and validated against experimental data for three alloys: CK65, AA6061,
and AA3105. The results demonstrated that both techniques effectively reduce springback compared to the
conventional non-vibration base case. Quantitatively, low-frequency vibration alone achieved a significant 15% to
35% reduction in springback. However, ultrasonic vibration assistance, leveraging the acoustic softening mechanism,
consistently outperformed low-frequency vibration, enhancing the springback reduction by an average of 54% to
117% compared to the low-frequency method. The performance gap between the two techniques widened for
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Fig. 1 Illustration of punch movement and vibration
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Fig. 2 Simulated model view of die, punch, and sheet
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Table 1 Mechanical properties of the alloys used

Density Yield stress Young's modulus .
material
kg/m® MPa GPa
7850 490 210 CK65
2720 165 70 AA3105
2700 276 68 AA6061
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Fig. 3 Applying vibration for a frequency of 100 Hz in the software, on
the punch.
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Equivalent stress [MPa] = uivalent stress [MPa]
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min:  0.00

max: 870.87
min:  0.00

t=3.5s

Equivalent stress [MPa]

max: 870.87
min:  0.00

ty = 30s
@lo 4y a2g5 b ainld elail 51 g JSG sl g QS gujs8 0 S
(L] pley wie ity) CK65 &3 sln pblel)l Jlesl ¢loj
Fig. 5 Stress and deformation distribution after the process with regard to
the vibration duration for CK65 sheet (ty: vibration duration)
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Fig. 7 Springback amount after the forming process, based on vibration
duration according to experimental study and finite element analysis for
AA3105 sheet

VEot Siduol ¥ oylad ¥ 0y90

deol Sls Ogiiny 5 Gilingg (siiez 30 AA

123

122 ----Exp. (20000 Hz)

121 —— FEA (100 Hz)
120
119

118

Final angle (deg)

117 A
116 ——

115
0 5 10 15 20 25 30

Duration (s)

ol @ie golul sl ol (Bp> 51 G Rl wli 1SS
G5 6l d9ame pladl Jud=i g (ay=d delllas 4y a2 g5 b blal)l Jlecl

CK65
Fig. 6 Final bend angle after the forming process, based on vibration
duration according to experimental study and finite element analysis for
CK65 sheet.

coolsdiyl pley halidl b b iin (oled iolS Sigy csmlice
ol b S s |y ilas) (s a8 IS il
dgo sy wgels Gl pihSS 5 Jlak e Jl
UJ'.UblS A y=ie s LXER] Q,gl ! 0399 US.U.MJQST Uf.\,u"c):
Slowo glopiss oS g JyuS 0 ogde yieslesy
b 5l (s (638 cuiSiL Glel Jole aS) 295wy Sle
S puaiSe suy0 Hh5 4 (blie jy cwl Iayei (55YL
olaleS wiile) uilS)s o5 Ghlaiyl 45 IS (50 4 dtualy
A otlesl ol bbb )3 (e @mipdeis b Sl
lasls b2 ol g5LoslT s (6 yieS

ool g8 Sl rels oy pialed b Ve S
b paesS 5 mge b o5 S olge pulud olSotl
SiSS sl gl gyl (sele (slioo &S S5l s0 )Lin
A3 (0 UL.AAJ \e LJ&«J )|.>9AJ 45)9bu‘.4.£b ..&.JSU.A ‘ual)s g
93 3Slac (AA3105 sile yiey dlge eulud elSxiwl Lol
950 Su3j SouSs d (el oS5 el hlel)l Sss
Slge 53 45 35 g2t waslly gal 13 plgie 1y oy ol Jads
0592 Mkt Silwdly JSb sl dwiwe SS13 jebdy 45 ey
ol 53 d9de yingame (ilalyl alide (slopunsilSe il
3 (el oS Gilabl) ol Lo 650 Jlesl i dlse
539 2L Hi5e exle gl duged gl BB o5l 4 Wlgioe
b (elS SS9 (s (63K ae SIS doei

«CK65 3Yg8 siile 1YL ool WSl b slge (sl < Jilio 43
Orizel § SuiSI 3d ke o @y STy S laged
&S cwlize ¢la ol w30 lid | ydas IS pielS ol
sp blay) g5 n Jlacl 5| GISysbey oiaSaniue Slse
013 55 olgie Iy sl ol GSlSe ussi Nipse (s
Slgo gl 53 eadiondS 458 (5l 9 Slewn glagiis YL

Urte SyilSo udige sole doliole



A% gl el yili Jilde s QuilS)BaS Golay 536 slagss (5)lKas 53 (58 ctSily el Liubi-(gasc dallhs

Jie o3 (g34e wygo 4 (AA3105, AAG061, CK65 (glaviLT
ol @l 5 sy o yage 8 8 dunlie 330 (samg3
weal ) 2y 4 aslllae
Al el b anglie s blab)l 95 95 s0 Jlecl o
Sl oany lslise prals 4 e (bl ga
ol el Jlasl gloj wise (22l 39d 0 (38
Wil Galel ot sl ddlds a4l
S ae
58wt Sil cudlyd (el 4 puilS) o pilasyl e
sl 0Sle ssb 4wl el b dglio 3 )
S oy GidlS 1oys VO B0 o calie slaiLJI
SuiST ol 4298 BB g caie (o 13555 oaimaplis
el JBe () Su plie 4 i
o oip pSes b wgald (bl gzgenlly e
o bhuwgie yob ) (65l Jlws Zohw 4 |y pialS
§dols GialS e | ytiw teys WY I OF
eoled 53 6y ol by (Ul oS Gl
3901k dllhe )90 slasLT 4ulS (sl g Logy )l
oday wwgolyd (bl gy Il pundlSe e
puiae 53l L oS 0 lolid SetwsST Sadey
9 P leSy Sty Kb s oslo Hlis gy
335850 wzga |y (55,8
Fe Mo gl G805 el el S e
FS0 weelyd (oledyl 3,Slee 4 AA3105 siile
sile yiL elSninl b slge (sly a5y 390
Gx 9 ol s (s 93 O hIS SID (CK6S
33550 55,8 T wigelyd ksl 13
e (505 dunlio S ALl dlie oyl (5)9793‘%,» o
Z3dy 0 &Sl 355 SSS 95 ol o prise g
ssb @ a5 o Gilal)) dz)S1 amage il
oS bl 53 LIS Sk 51 Ll el 350 Jditune
Ol g edgn wgeld Guledyl b els LB
S s Sl (il JBlax dinej 53 ool
oode luo basl (pl Se bés |y 3¢5
P gy SuSS dlBT Ot (gly (gaieds)!
olsYe g iy ol ok s ol
A3 51y o Sisiue ¢ lwdige sLs] s gslaidl

gl Jols dlie ol ale wlhgime 1 8Y51 ayanli
035 yictie il e 5 il pdd gu 53 5 sl B’

RO

Modares Mechanical Engineering

- =~ -Exp. (20000 Hz)

Spring-back angle (deg)

44
42 —— FEA (100 Hz)
4
0 5 10 15 20 25 30

Duration (s)

@io ulal yosd plil (580 5 un (538 cidS5b ole A S5
o 330 olall b 5 125 el 4355 b ola| Jlael ol
AAGO61 &)

Fig. 8 Springback amount after the forming process, based on vibration
duration according to experimental study and finite element analysis for
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duration according to experimental study and finite element analysis for
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