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Abstract: Problem statement: Sheet metal extrusion is a process in which theclpypenetrates one
surface of the sheet metal material to causedktaude and flow toward the outlet of the die. Hfiere,

the process can invent different thickness of shiesgtl work piece. From these advantages on tret she
metal extrusion, nowadays, it is generally usechamy manufacturing of industrial elements fieldse T
Sheet Metal Extrusions in Fine Blanking (SME-FBVattages, over a conventional extrusion, are
possible due to a blank holder force, a counteripdoce and a large die radius. However, the delect
on those parameter values affects on the matérialend the surface quality on the extrusion paige.
Namely, it causes the crack surface and shrinkaiied which are the general problems in the SME-FB
Approach: Objective of this research was to study the efiédlie radius on the SME-FB surface which
investigated the formation of the failure defectisith respect to the several die radiuses by uieg
Finite Element Method (FEMResults: From the results, it indicated that applying theab die radius
caused the material flow difficult resulting in tecreasing of smooth surface. Vice versa, in dse of
large die radius, the material flow easy is resglin the increasing of smooth surfaGenclusion: The
FEM simulation results of a larger die radius wi#lise the residual stress at work piece.
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surface. The advantages of the fine blanking telolgyo ' 1 o o [

are as follows: Precision highest in work pieceyhkr

productivity, less material loss and lower cosfiitish | Conmter purich

surface with a press process (Bubphachot, 2009; |

Thipprakmast al., 2008; Hirotaet al., 2009; Chemt al., I

2002; Lange, 1985; George and Maurice, 1997; @

Michigan Precision Industries, 2007). Fine-blanking

process is the most popular one and characteriged b BSE A l

three key techniques of extremely narrow clearadiee,

edge radius and loading compressive stress near the

deformation zone with a V-ring and counter pundhisT LY | pr—

process can produce a fine cut edge without aighfimg o —

operations and is used all over the world. These s

advantages over conventional blanking are possiiée ==t

to a very special tool design which differentiatself § . Estimated shear line

from that of normal blanking which the outer pegph ;tc.oumpm Die

of the part form on the blank holder, the use ofcivh '

help to prevent fracture in the part. The extrdingoand (b)

machine costs that often accompany this relatively

complicated tool design prohibit the economic usine Fig. 1: Fine-blanking process with positive cleaean

blanking for number of applications. (a) Initiation step (b) Press step
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Table 1: FEM simulation conditions

Fig. 2: Fine-blanking process with negative cleaean

e Simulation model Axisymmetric model
(@) Initiation step (b) Press step Object type Work piece: Elastic-plastic,
) ) ) o Punch/die: Rigid,
Sheet metal extrusion as shown in Fig. 2 is fine- Blank holder: Rigid,
blanking with tool design in a negative cleararites _ Counterpunch: Rigid
mainly used in producing stepped parts or extrugioh ~ Punch size Cn O1
. s R, = 0.00, 0.05, 0.10, 0.15, 0.20 mm
for assembly process. The economic and efficieng gize a5
design of tools is therefore even more critical fioe R4 = 0.00, 0.05, 0.10, 0.15, 0.20 mm
blanking. However, with recent improvements in theBlank material S45C _s30mpan = 26v
FEM codes and computer performance, the applicatioRlow curve equation 0=8506%47 + 38E

of modern simulation techniques can provide aFracture criterion equation Oyane (constari)

company with a significant competitive advantage,Erri'(t:'t?gr']f;%‘;t#irgeﬁ"(’;)(c) (?'11257

giving important insights into the effects of tatgsign :

and process parameters, especially on the appeao&nc gimulation model: The modeling of the SME-FB
tear or crack surface. In the present study, theeedf  process is significant being the ability to moded part

die radius on sheet metal extrusion surface in fings axisymmetric. In this case, only half of thet panst

blanking process using finite element method wage modeled, with the nodes of work piece on its ai

deVeIOped to form S45C extruded Vary in tOOI ra.d" Symmetry SO deﬁned that they have no movememdn t
z-direction. In Fig. 6, one such model is showneOn
MATERIALSAND METHODS can see the concentration of elements in the ahemew

the shear zone will build up. The finite elementtimoel
Properties of sheet metal: The FEM can be (commercial code MSC.Marc) was used for the FEM
simulation  which mathematics computing in simulation. The shape of the elements of the bldnke
mechanical properties equations of each materialsnaterial was rectangular element (4-noded rectangul
The medium steel S45C (JIS) was used as a stoadement type). It was also note that approximatg000
material model, mechanical properties was deterthineelements were designed for the blanked material.
by tensile and friction testing experiments as shaw  Calculations were performed by remeshing so that th
Fig. 3. Finally, the FEM results were analyticatsu divergence of the calculations due to excessive
as relation graphs, numerical, geometry, behavow f deformation of the elements was prevented. The FEM
and behavior color. simulation conditions are shown in Table 1.
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Medium steel S45C (JIS) was used as a blanked 7000 [TTTTTT]
material and a flow curve equation was determingd b et
. . . . . &000 4| TIS.843C hot-rolling
tensile testing experiments and its mechanical i
properties are shown in Table 1. The constitutive 5000 |
equation was calculated from the tensile testing v g i
experiments results. Therefore, the strength adefft Zz 4000 f‘ f.r”
value 850 and the strain-hardening exponent value & _ 73 e
0.478 were obtained. = R ' ‘S'pl :
In order to investigate the fundamental failurel an 2000 1.4 -
the form of blanked surface by means of the FEM f
during blanking, the fracture criterion equationdan 1000 f
critical fracture value were considered. In thiadst sl
Oyane’s ductile fracture criterion equations were 00 05 10 1.5 20 25 3.0 35 40 45 50 55 6.0

selected as 0.157, which were investigated and also
usually used for the sheet metal extrusion procAss.
critical fracture value was determined in eachtffe®  Fig. 4: Comparison of tensile experiment and FEM
criterion equation by using a tensile testing ekpent. simulation

A critical fracture value was used which agree weth

Elongation (mm)

tensile strength and elongation between the FEM — '
simulation results of tensile testing. In this stuthe [ _ L L
friction coefficient 0.12 was used for the blanking = sgoo0o R Connud
process. g il
2 600000 v, ’ :;%F‘Sf diet
RESULTS g RO.10  H
£ 400000 471 -
The verification of FEM model: The mechanical = /
parameters of the FEM model was been verified from e
tensile test and tensile simulation results. Aiaalt ot |
fracture value was determined in each fractureoin 0 2 4 6 & 10 12 14 16 18 20 22
equation by using a tensile testing experimentitical Inczement
fracture value was us_ed which agree well wit.h len;i Fig. 5: Relationship between tool radius and ejorus
strength and elongation between the FEM simulation force

results of tensile testing and the results obtaimgthe
experiment. The FEM simulation results of tensileThe extrusion force, which mostly agreed well vitie
testing showed the tensile strength 530 MPa and thEEM results, was used and the results are shown in
elongation was 26% which were errors of approximaterig. 5. In every case, the ultimate of extrusiorcéoare
2.05 and 0.83% compared with the experimentaB00000 MPa approximately.
results, respectively as shown in Fig. 4. The forming force are trend in the same direction,

As a result of this study, FEM and experimentalthat is gradually increasing force until the endagass.
results substantially agree well with each otHarstthe  On the other hand, square die or die radius 0.00 mm
possibility of the FEM approach is indicated for significantly lowest force in process. Particulariie
determining the optimal die design and workingextrusion force to be decreases in hinder portiod a
parameters in the SME-FB process. highest in a short time.

The dead metal zone appearing when punch

Extrusion force: An important field of application for penetration on the stock material. Some materiad wa
metal forming process is the prediction of formfogce  compress into strip, it form meaning trianguks®
which could lead to premature formability of maadsi  approximately. The dead metal zone, it cause to
in metal forming process. It is possible to forntipi  material compression and flow pass through dieoerif
prediction such as difficulty forming or easy forgi  The material flow rapid more than another area. The
with extrusion force, as seen in Fig. 5. In theibeing,  extrude surface are flow and contact the die @rifidth
the FEM simulation was investigated extrusion farce coefficient friction and hold effort, it cause tiretch
forming process. The FEM simulation result material and easily to damage on surface, as sliown
compared with respect to the die radii 0.08BGnm.  Fig. 6.
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Punch penetration into stock material 70% || s:2e-002 g ol
approximately, the negative stress in extrude eore 1.845¢-003 Hoctcet it} R
tension stress at the end portion, as shown in Fig. -2.205¢-003
They are cause to velocity difference in materiaivf Esbg
material stretch to flow and product failure indily. Rl

Surface of extrusion rod: The FEM simulation of

(e)

®

extrusion rod surface was investigated using fractu Fig. 8: The study piece are failure in smallest tadlii
criterion equations with each critical fracture uel and perfectly with the optimization of tools
determined by the tensile testing experiment as radius.(a) R, Ry = 0.0; (b) B, Ry = 0.05; (c) R,
aforementioned. The Oyane’s fracture criterion Ry = 0.10; (d) B, Ry = 0.15; (e) B Ry = 0.20;
equation, which agreed mostly well with the FEM (f) Ry, Ra=0.30

results, was used and the results are shown ir8Fig.

The FEM result showed an occurrence of crackindn the other hand, decreasing of surface cracarigel
surface. In cases square die, the crack formatio#Pol radius. In fact, piping defect and crackingface
showed on an extrusion rod surface with increase iWvas reduces which were increase die radius, bobif
punch penetration on stock materials waslarge will cause the residual stress at work piase
approximately 10% of thickness as shown in By ~ shown in Fig. 8f.
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(b)

Fig. 11: The comparison of stress-strain neighbors
smooth bottom rod. (a) Principal stress max;
(b) principal elastic strain max

3.624e

3061e Press punch

2.89%e

Stress at the end rod not much when compared
with the strain. The Strain around work piece xefa
cause the flow difficult more than the core rod dese
the contact friction between the work piece andstoo
surface, as seen in Fig. 10. The material was #asy

5) ) without surface crack and rod sink disappear whetst
radius increased as shown in Fig. 11.
Fig. 10: The comparison of stress-strain neighlsark The FEM simulation results indicated that applying
bottom rod. (a) Principal stress max; (b the small tool radius caused the material flowiclidt
principal elastic strain max resulting in the decreasing of the rod shrink aratk

surface. In contrast, the width of crack surface is
End of extrusion rod: The FEM simulation of 70% decreased when the tool radii too smallest. Alseret
punch penetrate on sheet metal surface was inaestig 'S NO crack surface when the tool radii change to

effect of tool radii on extrusion end, which werefett ~ OPtimization. Moreover, the mechanical properties
prevent and also usually used for sheet metal grinu particularly excellence which has high strengthueal

in past research (Hirota, 2007). The experimentlres around surface, result in the sheet metal extrusion
showed an occurrence of extrude sinking as shown iaurface only.
Fig. 8a-c. On the other hand, The extrusion sinth wi

decrease and no appearing in large tool radius or CONCLUSION
optimization radius, as seen in Fig. 8e and f to be
similar to surface rod results. In this study, the results of investigation sheet
metal extrusion on fine-blanking process with tledph
DISCUSSION of FEM are presented. This includes the identiftocat

and elimination of work piece defection, the
In this study, the effect of die radius on extomsi determination of extrusion effects and the predicf
rod of medium steel S45C in fine-blanking process w crack initiation using the fracture criteria. Th&M
investigated by using FEM. simulation results indicated that applying the driwl
The Blank holder force may be too lower, theyradius caused the material flow difficult resultimgthe
cause to the material was flow back into the s&lmet increasing of the rod shrink and crack surface.

and extrusion surface cracked. That is, the matéia In contrast, the crack surface is decreased when t
easy is resulting in the increasing of strain taghtand  tool radii too largest. Also, there is no crackfaoe
surface cracking in eventually as shown in Fig. 9. when the tool radii change to optimization. Moremve
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the residual stress particularly excellence whias h George, E.T. and A.H.H. Maurice, 1997. Steel Heat
high value around surface, result in the sheet Imeta  Treatment Handbook. New York, ISBN: 0-8247-

extrusion surface only when the tool radius ovegdat. 9750-7.
Therefore, the FEM analysis, who are to take intcHirota, K., 2007. Fabrication of micro-billet by est
consideration the effecting parameter on procass) s extrusion. J. Mater. Process. Technol., 191: 283-28

as; geometry die design and other process paraneter DOI: 10.1016/j.jmatprotec.2007.03.024
For example, wide of die land, adjustable of chakd  Hirota, K., H. Yanaga and K. Fukushima, 2009.
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