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Abstract: The usage, as blanks, of bimetallic sheets it'ified because of the addition of the advan-
tages offered by both materials of which it is cosgal and to a reduction of the disadvantages pteden
by each material if taken separately. There areesan which certain properties are needed on th#'pa
outer side, while on the part's inner side there aeeded very different properties. The theoretieal
searches have targeted the development of modls/tuld allow the analysis through numerical simu-
lation of the behaviour of this type of blanks. theo research direction referred to the manner efgr-
ating the shape of parts obtained through the ineatal forming process. For the experimental re-
searches there were employed complex trajectooiegdnerating the part's shape. The researches un-
folded in this direction targeted a better understang of the influence of the punch's movemenédraj
tory on the formability degree of bimetallic sheeis well as on the quality of the realised paats,the
shape errors and on the dimensional precision.
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1. INTRODUCTION active elements and using the same type of tecpicalo
equipment, relatively widespread nowadays (usualiya-
chine-tool with at least three numerical controlixks),
there can be obtained a wide variety of hollow skap

The idea of incremental forming of sheet-type kdan
using a tool with singular contact was patented begzak
[8] long before it was even feasible from a techhpoint of
view [7].

In the case of the incremental forming of metal
sheets, the forming is done by a punch 1, havintpet
top a radiug, in rotation motion around its axis with the
angular speed, which comes into contact with the sur-
face of the blank 2, Fig. 1. The blank, having ith&al
thickness g is fastened to the die 4 with the help of a
blankholder ring 3. In order to achieve the finaage of
the part 5, with a thickness gnd a sloping angle, be-
tween the punch and the blank there needs to &xé&la-
tive motion composed of a continuous or incremental
axial feed displacement on vertical direction by th
punch and a displacement in the horizontal plan¢hby
blank.

Currently, the processes for the deep drawingaiéri
als are well represented at industrial level, déafigdn the
domain of manufacturing car components. There @n b
noticed, however, a certain discrepancy betweenutrent
endowment of the industrial companies from Romairitia
equipments for the "classical" deep drawing proeessthe
modern trends concerning the shape of car partcamd
cerning the usage of materials with superior cheratics,
respectively. On the other hand, the competitiomfithe
automotive industry requires an advanced flexitilig of
the technological processes and implicitly of thepleyed
equipments.

In this regard, the deep drawing with single bjostkf
punch, which realise the shape of parts does tmw &
quick changing of the shape, thus emerging a naethé
material's forming with unit tools of relatively aihsizes or
with segmented tools.

The incremental deep drawing of metal sheets altbe
realising, through metal forming, of cavities ofrigas
shapes and sizes in metal sheet parts, for a batah pro-
duction or for unique parts production, startingnir the
movement, on certain trajectories, of a punch sithple
geometry. Thus, without using dies or punches witligh
complexity, depending on the movements requiredHer

1

" Corresponding author: Faculty of Engineering, 4ilBioran Street,
Sibiu, 550025, Roméania,

Tel.: 0269216062 ext.453

Fax: 0269217871

E-mail addressemelania.tera@ulbsibiu.réM. Tera), ]
radu.breaz@ulbsibiu.réR. Breaz)pctavian.bologa@ulbsibiu.rO. —5
Bologa),ionut.chera@ulbsibiu.rgl. Chera), Fig. 1. The process for the incremental deep drawin

sorin.tirovean@ulbsibiu.r¢S. Tirovean) of metal sheets.




236

The forming begins in the area where the punclepen
trates. The punch follows a plane circular trajgctand
after its completion, descends for the next step @m-
tinues the forming. The punch's trajectory and vibei-
cal pitch depend on the final shape of the part.
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In Fig. 29, g, — thickness of the outer layess, s, —
outer layers, 5 — inner layerh — total thicknessd,
sheet length.

These layers are bonded mechanically or using adhe-
sives, so that they behave as a single component: U

The incremental deep drawing process, having beeally, in the case of multilayer structures, theeouayers

developed only relatively recently, is not yet walpre-
sented in the speciality literature, especiallyhwi¢gard
to the forming conditions for certain categoriesnudte-
rials, despite the numerous advantages it presetshe
potential industrial applications.

withstand the bending stresses, while the innezrléthe
core) withstands the shearing stresses.

Currently, multilayer materials are used for a wide
range of applications, due to the high strengthghieand
stiffness-weight efficiency. Numerous applicatiocan

Moreover, even though the published researches arke encountered in the fuselage and wings of aigglaim

relevant, often the obtained results are limitec¢tamtra-
dictory [4], which makes it necessary to continhe t
researches in this domain.

The studies regarding this process have so fastat
on three main directions: measuring the strains disd
placements produced in the sheets, assessingrtiesst
with the help of the finite element method and meag
the forming forces [4].

The numerical simulations carried out by various
researchers have shown that in the case of reglibin
incremental deep drawing, of a cone frustum witleLci
lar or elliptical base [3 and 2] or of a pyramidgtum [9,
1, and 7], the material does not present a sigmificlis-
placement on the direction parallel to the planethef
undeformed sheet, but is moving especially permendi
larly to this plane.

2. MULTILAYER METALLIC MATERIALS
USED FOR INCREMENTAL DEEP-DRAWING

Although this represents a relatively recent dgwelo
ment in the industry, the composite multilayer sbege
currently encountered in almost all industrial dama
due to the density, mechanical strength and enabgy
sorbtion properties that are higher than those hef t
blanks realised from a single material. These rater
are useful especially in domains such a the autemot
industry, where the vehicles must fulfil simultansly
conditions of increased passenger safety, increesed
fort, increase of the loading capacity in conditiaof a
reduced energy.

Basically, the multilayer sheets, Fig. 2, consfstwmn
or more layers of different materials and differéwitk-
nesses (usually two outer layexsands, and an inner

spaceships, cars and race ships, in buildings padss
equipments:

in the furniture used in the aeronautics and aewesp
industry;

in airfreight containers;

in cars, for the chassis and for energy absorpfmn,
directing the air, for heat insulation, reflectisgr-
faces for the headlights [5 and 6];

heat shields and vibration-dampening shields [5];
soundproof bodies for the automotive industry [10];
in medical domain, for cranial plates or dentallapp
cations [10 and 7].

THEORETICAL STUDY OF THE
INCREMENTAL DEEP DRAWING PROCESS
FOR BIMETALLIC SHEETS

The researches have frequently used information on
the material characteristics and on the formingaladur
of bimetallic sheets. These data were determin@erex
mentally using specific processes.

In order to determine the behaviour of the employed
materials, there have been unfolded tests for aétéarg
the intrinsic characteristics (tensile tests) amddrawing
the forming limit curves (Nakajima test).

During the theoretical and experimental researches,
there have been used two types of materials, D@l s
and AA6016 aluminium. The experimental layout used
for the tensile testing included the tensile testimachine
Instron 5587 and the optical strain measuremenésys
Aramis.

Based on the experimentally determined results, it

layer s also called core), organised so that they combinevas possible to know exactly the mechanical chareset

the best properties of the components and leadirthe

end to properties that are better than those ofbtse

materials. The outer layess ands, have generally re-
duced thicknesses but an increased density, a gead
chanical strength and stiffness, while the core déax-

ger thickness and a low density.
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Fig. 2. Principle sketch of the multilayer sheets.

tics and the intrinsic parameters of both materadswell

as the model of the materials elasto-plastic beheatyi
needed for the numerical simulation through thetdin
element method.

The model of the system for manufacturing through
incremental deep drawing is presented in Fig. 3.

The manufacturing system consists of a square-
shaped blank made of two metal sheets (a sheet afade
DCO04 steel with a thickness of 0.6 mm, marked i Bi
with 4, an AA6016 aluminium sheet with a thickneds
0.8 mm marked with 3), pressed by a spherical pdnch

The bimetallic sheet is fastened between the blank
holder plate 2 and the die plate 5 by means ofaakbl
holding force.

The die plate was realised in round-shaped dies plat
both having a fillet radius of 6 mm.
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Fig. 3.Model of the system for manufacturing through incre
mental deep drawing.

Table 1
The main geometrical data characteristic for the praess
Blank dimensions Lxl [mm] 120x120
Initial thickness of the Obcos [mm] 0.6
DCO04 steel sheet
Initial thickness of the|  Qaaso1e [mm] 0.8
AA6016 aluminium
sheet
Radius of the die plate Rl [mm] 6
Punch diameter Dy [mm] 6.10

Aluminium alloy AA6016
Steel DCO04

Fig. 4. Orientation of the bimetallic layer with regardthe
punch.

The blank made of the two typodimensions of materi-
als is placed on the die plate and is fastened thi¢h
blankholder ring by means of a blankholding force,
evenly applied on its surface.

Thus it is ensured that it is impossible for therid to
slide through the gap between the ring and thepldite,
the analysed process being one during which aioerta
deepening of the part can be obtained through thte-m
rial's thinning.

The main geometrical data characteristic for thecpr
ess are presented in Table 1.

The contact between punch and blank is done at th
aluminium layer level of the bimetallic sheet Hg.

The analysis by numerical simulation intended to
determine the strains in the blank. The blank moded
in the simulation has taken into account its birtieta
nature, but the results have to be analysed inaalig
for each of the two layers.

The results of the analysis by numerical simulation
describe the behaviour of the aluminium layer &f i
metallic blank, while the results describing thédgour
of the steel layer being presented in the paragosuli-
cated to the experimental researches.

There were realised simulations through the finite
element method for parts whose shape was gendrgted
moving the punch along various trajectories.
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Spcod™ 0.6 mm

£ 416016 = 0-8 mm

Fig. 5. The models of the cone frustum type parts
with 45° cone angle.

Epcoy= 0-6 mm

£ sac016 = 0-8 mm

Fig. 6. The models of the cone frustum type parts
with 55° cone angle.

The behaviour of the bimetallic sheet with this eom
position has not been treated in the specialigrdiure
and therefore it was necessary to realise a ddtailedy
for determining the behaviour during forming in don
tions of respecting the surface's quality charésttes
and of assuring the shape precision of the finigbed.

In order to determine the forming behaviour of tie
metallic sheet, there were analysed several repiase
parameters from the incremental deep drawing psoces

The model for the part obtained through incremental
deep drawing is presented in Fig. 5.

In order to obtain this kind of parts, a slopingjlenof
the cone frustum of 45° Fig. 5 and 55° Fig. 6 wesed.
From the figures the two layers of the sheet maylbe
served.

The incremental deep drawing process was realized
using a punch with a radius of 6 mm.

For generating the trajectories of the punch, kinal
of movements of the punch, simple and complexdtaje
ries were created.

First of all, for the cone frustum, the simplger@ory
consisted of six circles, iXOY plane, spaced on thé
axis by 2 mm.

In Fig. 7 the trajectories for movement of the gun
used to generate the cone frustum shape of theapart
presented. For generating the shape a number p$ ste
were necessary which are described below.

The steps for generate cone frustum the shapes wer
rapid feed (represented by dotted line) above the
starting point;

technological feed o@Z axis atZ; = -2 mm (repre-
sented by solid line);

describing the circular path with technologicalded
diameterD; = 36 mm;

rapid retraction of the punch to safety position;
positioning of the punch at circle wi, diameter;
technological feed in depth af = -4 mm;

repeating steps-6 for diameterdD; — D, for proc-
essing depths aof; - Zs.

Feed was set atvg, = 240 mm / min.

Another approach was to use complex trajectories.
The complex trajectories were represented in a firs
phase by a combination of archimedean spiral anteci

Fig. 7 presents this trajectory type for a certdin
mension or¥.
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Fig. 7. The movement of the punch in simple trajectories.

All cone frustum type parts were obtained using g 10.The trajectories of the cone with 45° cone angle.
complex trajectories consisting of level curves enad

an archimedean spiral completed by a circle, inerem o _
tally displaced on th& axis AZ = 2 mm). The characteristic parameters obtained through the
Fig. 8 presents all trajectories required for getieg numerical simulation are as follows: maximal thieka

a part, but for a better understanding of the pichere  reduction Sy,,%, maximal major strairs,%, maximal
was presented on|y a Sing|e p|ane' which must be reminor strain:e, %, maximal effective Von Mises strain

peated to obtain the final part. evm %.

The trajectories of the cone frustum type parthwit It can be noticed that the location of the majoaist
55° cone angle are presented in Fig. 9 and forctme  (Fig. 11) of maximal values is along the archimedea
frustum type parts with 45° cone angle in Fig.10. spiral on which the punch is moving. The maximdlea

occurs in the initial point of the archimedean abicor-
responding to the area of the punch's penetratitanthe
material. Subsequently, these values decreasetlgligh
afterwards remaining constant on the final partthef
trajectory. The parameters' evolution is relativaiyilar
in the case of the minor strains (Fig. 12), thidseeduc-
tion (Fig. 13) and effective von Mises strains (Hig). In
the case of minor strains, the maximal value isted
more precisely in the area of the punch's penetratito
the material. As indicated above, this paragragsemts
the results obtained through numerical simulategard-
ing the behaviour of the aluminium layer of the btai-
lic blank.

Fig. 8.Comp|ex. trajectories consisting of an archimedean LS-DYNA user input
spiral completed with a circle. Time= 112

Contours of Lower Surface Max Prin Strain
min=5.35235e-05, at elem# 156743
max=0.739311, at elem# 13964

Fringe Levels
7.393e-01 _
6.654e-01
5.915e-01
5.175e-01 _
4436801 _
3697801 _
2.958e-01 _
2218e-01 _
1.479e-01

=

T
’/

7.398e-02

4
LY
|

5.352e-06

]

Fig. 9. The trajectories of the cone frustum type parté \wi°
cone angle. Fig. 11.Major strain for aluminium (simulated).
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LS-DYNA user input

Time = 112

Contours of Lower Surface 2nd Prin Strain
min=-0.11574, at elem# 14139
max=0.289816, at elem# 13959

i i H — i i i i i Fringe Levels

| 2898601 _
T 2.4936.01
— 2087¢.01
1681601 _
1276601 _

o |

8.704e.02 _
4648602 _|
5927¢.03 _|
3463602
7518602

-1.157e-01

Y

[ !LJZ

Fig. 12.Minor strain for aluminium (simulated).

LS-DYNA user input

Time= 112

Contours of % Thickness Reduction-
based on current z-strain

min=-0.0662486, at elem# 13269
max=50.2908, at elem# 13965

Fringe Levels
5.029e+01 _
4526e+01
4,022e+01
3518e+01 _
3.015e+01 _
2511e+01 _
2.008e+01 _
1.504e+01 _|
1.001e+01
4.969e+00
-6.625e-02

Y

4

Fig. 13.Thickness reduction for aluminium (simulated).

LS-DYNA user input Fringe Levels
Time = 112

Contours of Lower Surface Effective Strain 9.318e-01 _
min=5.19016e-05, at elem# 15743
max=0.931825, at elem# 14086

8.3866.01
7.4556.01
6.5236.01 _
5591601 _
46598.01
3.728¢.01 ]
2796e01 _
1864e01_
9.323¢.02
519005

Y

b

Fig. 14.Effective Mises strain for aluminium.

LS-DYNA user input
Time = 112
Contours of Lower Surface Max Prin Strain
min=1.67495e-05, at elem# 10103
max=0.637525, at elem# 10486

Fringe Levels

6.3756-01 _

5738601
5.100e-01
4463601 _
3825601 _
3.188e.01 _
2550801 _
1.913e01 _|
1.275e.01
6.377e.02
1.675e-05

[log.]
0.4912
0.4500

— 0.3750

— 0.3000

qo 2250

1 0.1500

0.0750

-0.0224

Fig. 16.Maximal major strains for steel (measured).

From the analysis of Fig. 13, it can be noticed tha
thickness reductions have an even distribution loa t
surface of the blank subjected to forming.

The strains with maximal values are located on the
cone frustum's side walls, corresponding to thechisn
trajectory along the archimedean spiral. The mihima
thinning occurs at the base of the cone frustum.

The variation of the effective Mises strains is-pre
sented in Fig. 14, while their distribution corresds to
the behaviour described for the thickness redustion

4. COMPARATIVE ANALYSIS OF THE
THEORETICAL AND EXPERIMENTAL
RESULTS

Within this paragraph, there were comparatively-ana
lysed the experimental results with those obtaibgd
means of the numerical simulation of the incrementa
deep drawing of the bimetallic sheet.

Determination of deformation of the parts was done
in order to assess the experimental plastic deftoma
behaviour of the bimetallic material.

Furthermore, the real strains, experimentally deter
mined, were compared with the real strains resutem
the numerical simulation.

In Figs. 15 and 17 the results for numerical sitta
are presented, while in Figs. 16 and 18 theltsashtained
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LS-DYNA user input
Time = 112

Contours of Lower Surface 2nd Prin Strain
min=-0.0891373, at elem# 10479
max=0.295436, at elem# 10359

Fringe Levels
2954e-01 _
2.570e-01

2.1856-01
1.801e-01 _

1416001 _
103101 _
6.469e-02 _|
2623e-02_|

1222602

5.068¢.02

£.914e-02

Y

v

[log.]

Iamo

0.280
0.240
0.200
0.160

!0120

0.080

0.040
0.000
-0.045

Fig. 18.Maximal minor strains for steel (measured).

through measuring the deformations of the partspage
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tions of respecting the surface's quality charéttes
and of assuring the shape accuracy of the finiglaet

In order to determine the forming behaviour of the
bimetallic sheet, there were analysed several septa-
tive parameters from the incremental deep drawnog-p
ess.

The paper presents the evolution of charactenistic
rameters for the bimetallic sheet. These resultaiodd
by means of numerical simulation regarding the keha
iour of the aluminium layer of the bimetallic blarikhe
steel layer behaviour is analysed also experimigraad
through numerical simulation.

There was realised a comparative analysis of the
theoretical results obtained by means of numesial-
lation and of the experimental results. As a resudt
proposed theoretical models were validated.

There certainly exist further possibilities for éép-
ing the researches such as: a study of the infuafc
using various manufacturing strategies and trajesgo
upon the mechanical properties of the processets par
and realising high complexity parts, through inceeial
deep drawing.
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