Journal of the Korean Society of Manufacturing Technology Engineers 23:5 (2014) 512~518

http://dx.doi.org/10.7735/ksmte.2014.23.5.512

HEEEoAM oo SFHES} tlole] ER/RII 48 FETo olx=

ISSN 2233-6036

o

o

st

ol E 2

rk

Influence of the Part Shape Complexity and Die Type on Forming Accuracy

in Incremental Sheet Metal Forming

Kyeong-Bu Lee’, Jae-Gwan Kangb*

“ Department of Advanced Engineering, Graduate School of Kyungnam Univ.,7, Kyungnamdaehakro, Masanhappo-gu,

* Division of Mechanical Engineering, Kyungnam Univ.,

Changwon-si, Gyeongsangnam-do, 631-701, Korea

Gyeongsangnam-do, 631-701, Korea

7, Kyungnamdaehakro, Masanhappo-gu, Changwon-si,

ARTICLE INFO ABSTRACT

Article history:

Received 9  June 2014
Revised 18 August 2014
Accepted 25 August 2014

Keywords:
Incremental sheet metal forming

Negative and positive forming
Shape complexity

Forming error

In this paper, the influence of part shape complexity and die type on forming
accuracy in incremental sheet metal forming is presented. The part shape
complexities are classified into two types, namely, of one and two-step shapes.
Correspondingly, die types are classified into three types, namely, of no-, partial,
and full die types. The experimental tests are performed separately on negative and
positive forming methods. It is shown that for the one-step shape, there are no
significant differences in forming errors between the cases of no- and full die types
when the negative forming method is used. Furthermore, the full die type is better
than the partial die when positive forming is used. For the two-step shape case, the
full die type always exhibits better forming accuracy than the no- and partial die

types, irrespective of the forming method used.
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Fig. 1 Incremental forming methods
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Fig. 2 Incremental forming with full die

Fig. 3 Various incremental forming products
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(a) one-step shape (b) two-step shape
Fig. 4 Forming shapes
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Table 1 Forming conditions

Items Conditions
Tool Ball type @8 mm
Feed 1,000 mm/min
Forming depth 0.3 mm
Material, thickness Al 1050-H16, 1.2t

(a) negative forming

(b) positive forming

Fig. 6 Incremental forming processes (full die cases)

NG
N
>
ok
o

>

ol mt
He
o X

E rlo
-0

ox,
ofy
dr

ol

ol
R
=
ol o
ot
Ao

o
50

g

o

T

o
M
i
o2t

)
=

(o
43
—d
ol

(o3

)

=
ofy
e
ol g
ot
ox
ot

okt
oX
ofk

ox

o ot dld
S o
[N
=2 JE

Hfn
X
i

o

~
,Ol:
g
2
3
N
o
—3
rir
[\)
a)

ol
[
oX.
ol
Ao

o
Hu
fu
>

(Two-step)= LFERALE

713 ¥ (Negative), P+

AR Bole) FREA N2
el

183 FE FEFuD)EE

oo]:ﬂ-@)

S R P

(Patial) =8,

& (Positive)
FNo)=3, P

rir e

i
A

M

o

.88

Ay ARE A
2 34 2704”1
8 um)E ©]8-3te

0 BAE glate) 4B ek} WEZ
A& MinnoltaA}e] VIVID 910(Ht] AH=:
2AH0lEE 858 5 2~tolE 24 A4

gL

514

(d) TNF(Two-step shape, Negative forming, Full die)

Fig. 7 Forming error analysis of negative forming

Table 2 Negative forming errors

One step shape Two step shape
SEC. No Die | Full Die | No Die | Full Die
(ONN) (ONF) (TNN) (TNF)
SEC-1 0.645 mm | 0.631 mm | 1.323 mm | 0.660 mm
SEC-2 0.664 mm | 0.621 mm | 1.339 mm | 0.660 mm
SEC-3 0.663 mm | 0.628 mm | 1.300 mm | 0.746 mm
SEC-4 0.665 mm | 0.639 mm | 1.379 mm | 0.660 mm
Avg. error | 0.657 mm | 0.630 mm | 1.335 mm | 0.681 mm
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Table 3 ANOVA of negative forming errors

Source DF SS MS F p-value
Level (1) 3 1.389 | 0.463 | 604.44 | 0.000
Residual error (E) 12 0.009 | 0.0008 - -
Total 15 1.398 - - -
Table 4 LSD test results
Absolute diff. value LSD Test
of average errors result
ONN-TNN 0.678 S
TNN-TNF 0.654 0.044 S
ONN-ONF 0.027 N/S
(S: Significant, N/S: Non-Significant)
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Fig. 9 Forming errors of TNN

JYEE Hlushs F 7459 Bt At ake] Arigte] LSDETH
2 #= 7Y F A4S Aolole SAFLE fofsitta daet
o} FoFE aS 5% P u) tREZEZHE $(12;0.025)=2.18
°| 3 Table 3914 1,=0.0008, m=4°]22 L5D=0.0447} HT}.

LSD AAdHoz B AFoAN 7HF BAo] Y= AHLEQ
ONN$} TNN, TNN$ TNF, ONN$& ONF7He) v E A A 3§
ZA3}7} Table 49l 2|50 QIt}. ofshe Z7e] 5o tigh A%

A2l Aol

3111
AA, 19
-35] [e)

Y 2ch gilo| F38 M2 H|1(ONN-TNN)
| F2HONN)Z 28 FAHTNN)o| thate] F2d o2
3 739 BAZ R §od AER AF ezt 2 xlol7} Ytk
A& 9A HAh

Foa7h 27 vehd TNN 1
243k Elo]E|Z CAD Ho|E9} Hlw
Atk A HA)AA A LAt A

T2 349 A9 Al Al "ol AAE

N

/bP

4 F2E4E)d st
sk 10| Fi

J79] Fig. 99 Yeh}
g AE U9 F e
7] wEell Aol

°l §71
Ri% At o1&

i )
t
N

—
i

o

A

’.:
F-E

l

\S)

=

M

o

3.1.2 2¢t Y40 R8I SEEY LY 2} H|(TNN-TNF)

Fagol ofd 2t Fdol FEEF S AHESkE AHINF)ol=



Kyeong-Bu Lee, Jae-Gwan Kang

/ \ scan
cad

(a) OPP (One-step shape, Positive forming, Partial die)

g ¥ N
/ \SCHII
cad

(d) TPF(Two-step shape, Positive forming, Full die)

Fig. 10 Forming enor analysis of positive forming

FEB(TNN) R A F A7k 2] 2H4-8H4TH(1.335 — 0.681).
B2 el BT w2 el Bool
J8 Q%

6]
H2 Folopl Ushs 4RO 98

0 -

A

AR
t S

o,

X2 oy

3.1.3 12t Hilo| %L & 42} H| W(ONN-ONF)
2% FoM FEERY L AHgske 2ol 43

2N e FYsI7] wwol 19 37 739

=8

I_
_,_X]‘“—‘

- B2
= Tr

516

Table 5 Positive forming errors

One-step shape Two-step shape
SEC. Partial die Full die Partial die Full die
(OPP) (OPF) (TPP) (TPF)
SEC-1 0.781 mm | 0.541 mm | 1.086 mm | 0.538 mm
SEC-2 0.781 mm | 0.555 mm | 1.066 mm | 0.512 mm
SEC-3 0.754 mm | 0.583 mm | 1.052 mm | 0.523 mm
SEC-4 0.751 mm | 0.551 mm | 1.021 mm | 0.511 mm
Avg. error | 0.767 mm | 0.558 mm | 1.056 mm | 0.521 mm
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Fig. 11 Individual plot of positive forming enrors

Table 6 ANOVA of positive forming errors

Source DF SS MS F P
Level (1) 3 0.724 | 0241 | 644.70 | 0.000
Residual error (E) 12 0.005 | 0.0004 - -
Total 15 0.729 - - -
Table 7 LSD test results
ot mene s || e
OPP-TPP 0.289 S
TPP-TPF 0.535 0.031 S
OPP-OPF 0.209 S
(S: Significant, N/S: Non-Significant)
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