220-210 yoye 5 o less 16 0,93 1395 313 0 ()30 Sl (w3 dlxo

gy ele dolinle =
—b;
< . -Eh i
OV 0 Sl  wiigo = &
Jany
mme.modares.ac.ir u/')/;‘g;:%,

Sl o & (Zr 9N (RS IS AT 9 50 (ogumegdT (286 p & Sy JCI wy
Slal> 50 93 9

Pyl st L s ol ga sans 599 Sh (as ol

B el Sy (sinioo oSl «SlSs oige k] (goli S soatila-1

il bl Gy stntao oSl (Sl suige olislil -2

Db e bl Slgyeiy ixio olKutihy aSle wdige ylutils -3
mirnia@nit.ac.ir <484 ., 5500 (JL*

saSs dlie LY

Sl anld (Sole g ol owb ause aile (o Gyg (omOSE Jolite (slasi] ) dy s |y siplese slasyip T ouyb ad S5 S i dlie
1394 oy, 23 il

i 3l &S W3l o b (Sud SHb dacydgiome ol des ladl o olacadgize h G hey ol Sl cpl bl 03903 e
1395 (354 25 1 iy

sl o S5 (28 (2D S Lawgt Al 03 3L 03led aygly g L i Slekad 1B pmen 3 2l Jpame 3,55 1395 sbs2 03 culu » 4,
e Colnd @igdy Jb ope g olysds dgly 4 108 eolil gl jasiy US55t slagglinl Jl lsiee e ol 0 gl Wy oI5l 1
i 1 T0° o)lgss aygls b oaclill mpo (Bl pyn Sy (gl yo 93 o)t5 (05 JSb B85 ()3 sy dizeS Cosbius Sl 3 i S5 oy S
S5y ool 4l b 8,5 )5 adllae 350 3game clin (gile A § (258 O yguar diseS CealSed dguty Ban U pgsiogll e 3 S8 s o150l
390 (sl po (S5 3 S5 4y Cannd (S0 S'3b deoy> dgazme slinl gy bawg o 048 i pai (gl yiol )b 43)9] s 5 sl o 9 oAb pn

S9aa (slil by,

b oS ol lis ol i odlizwl sgamme clinl Julos j1 Jols ol (omiw jliel ey (0y25 ogeil 3 3o ol 52 3,5 )8 dwolio
CnSls (2 S S o0

WSy dgube Sl o SO I @ G il 90 Gl 4 ) diaS s g e 0dds &)l lals o 0 JSW yuss (ol 51 ool

2 IS s sl (ol U el )3 ad edmlie (028 (g0l g 390 (slial (Sl Jao o a6 I s i dulie |
el 0 sy 3y DSy 3 S5 1 loges basgd (308 (65l Jo J) 048] Caanly SyS oo

Study of formability of aluminum truncated pyramid in single-stage and two-
stage incremental sheet forming
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Incremental sheet forming has already provided distinct advantages such as inexpensive tools and the

Received 12 February 2016 simplicity of the process over conventional sheet forming processes. However, the method still has

Accepted 13 April 2016 L P - _—

Available Online 23 May 2016 some limitations. Among these limitations, severe thinning has significant effects on the performance of
the final product. Also, some parts with high wall angles cannot be formed by single stage incremental

Keywords: forming. To overcome these restrictions, multistage incremental forming can be implemented to achieve

Single point incremental forming

two-stage forming the desired wall angle, better thickness distribution, and lower thinning. In this study, a two-stage
truncated pyramid incremental forming of an aluminum truncated pyramid with a wall angle of 70° was studied
finite element method experimentally and numerically in order to improve the achievable minimum thickness. By introducing

fracture forming limit diagram . ) L . . . - . .
two-stage forming strategies and achieving their defining parameters using finite element simulation,

the sheet thinning was compared to the one in the single-stage forming. Experiments were used to
validate the finite element analysis. The results revealed that using the two-stage forming strategy, the
minimum thickness can be improved twice than the one in the single-stage forming. A good agreement
was observed between the thickness distribution obtained by experiments and predicted by the finite
element modeling. Finally, the effect of forming strategies on the strain paths was investigated through
the finite element simulation and the experimental fracture forming limit diagram.

" Incremental forming
*Fracture Forming Limit Diagram (FFLD)
®Single point incremental forming
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Fig.2 The engineering stress-strain curves for as-received and
annealed sheet metal in the rolling direction
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Fig.3 The single point incremental forming die set for forming
a truncated pyramid

Al e Sy ol Al ST 8 (o8 JS5 B e gos 3 S

Fig.4 The hemispherical head tool with the 10 mm diameter
o e 10 418 1 (55,5 o 130 AU

Fig.5 The experimental SPIF platform on the three axis CNC
machine
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Table 3 The geometric parameters of the truncated cone used
for validation
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Fig.16 The predicted profile of the truncated pyramid with the
70 wall angle for Case 2 of the first strategy
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Fig.17 The predicted thickness distribution of the first
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Fig.21 The predicted profile of the truncated pyramid with the
70 wall angle for Case 2 of the second strategy
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Fig.22 The predicted thickness distribution of the second
strategy: a) the first stage b) the second stage
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Fig.25 The comparison of the maximum forming depth in the
single and two-stage strategies based on the experiments
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Fig.26 The experimental FFLD and the predicted strain path
for a truncated pyramid with the 70 wall angle in the single-
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Fig.27 The experimental FFLD and the predicted strain path for
a truncated pyramid with the 70 wall angle in the case A of the
two-stage strategy
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Fig.28 The experimental FFLD and the predicted strain path for
a truncated pyramid with the 70 wall angle in the case B of the
two-stage strategy

S oo s e (S s g o2y Sl (20 S8 0> imie 28 S
B Jae 515 707 all o2 (s5lo 4

cJ » szj AR (e 7y B ci> 2 ;)L\ B 5A <.5L“° 6')"5‘),';...;| AS‘)%
Py S glaJae Wl (F)b Gon 5 580 anllas @l e 0z, A
Db o ol Jrogh Slaal gl B &S Wgh a8 85 5 4 cunlio

Sy 4o -5
ol sl 2o S (55, o pole Gaid 10 0ads ploul axdllas bl 5
Sad S5l S e o ol 5l (S mglaie slal> e g (glalais ST
3 BB S 4 UK et a8 o Sy a0 U5 s ok
m oo Sl g 20 S Lawgs By olgs 4 B )L Sl slge olul
95 LSS s Rl o 2l IS8 4 65k Gy o) S0 oo ok
9 ol wad (Fab SU 4 e Wl oo a5 0sbe 35 40 S
35 S5 s g (s 4 ns 8IS 1) Gy s USH bl
R Caled 35 Gag 0 S el e 2l S 4 5 lal> e
5 Sk S 4 S8 s adlie AS Glie 098 (Sub S3U
e (o0 S8 (551 tl) JSE 50i5 s Lamgs 359y (S S

5 olaids 16 095 1395 sl e (yurde Suilfe wise



QI)M,),A&WHI

GlAka 50 93 9 SlAUa po 5 5T GBS JSb 303 )3 egaiaeglT YOS @ 0 & 223y JSib w0 2

[15] Abaqus analysis user’s manual, version 6.13, 2013.

[14] V. A. M. Cristino, L. Montanari, M. B. Silva, P. A. F. Martins,
. . ) . Towards square hole-flanging produced by single point incremental
[16] M. B. Silva, P. S. Nielsen, N. Bay, P. A. F. Martins, Failure
mechanisms in single-point incremental forming of metals,

forming, Proceedings of the Institution of Mechanical Engineers,
International Journal Advanced Manufacturing Technology, Vol.

Part L: Journal of Materials: Design and Applications, Vol. 229, No
5, pp. 380-388, 2015.
56, No. 9, pp. 893-901, 2011.

5 o)laiis 16 095 1395 sl o (yurde Suilse wiie

220



