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Abstract: Although the interaction between the forming maetdnd process affects the quality of the fi-
nished part significantly, the machine influenceisssially ignored in the analysis of the forming gess
with the Finite-Element-Method. This contributiarcdises on this interaction regarding the process of
sheet-bulk metal forming. In order to representrfachine characteristics, a hybrid multi-body moalel

an experimental press has been developed. Thisliakds into account the machine kinematics and dy-
namics as well as the elasticity of the press carapts. In order to validate the machine model tise d
placement of the press components under load hese etermined by means of optical measuring sys-
tems. The required three-axial load profiles haeerbprovided by a new developed load device.
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1. INTRODUCTION The application of the Finite-Element-Method (FEM)
in numerical investigations of metal forming prosesis
state of the art. Nevertheless, the machine inflaemn
the workpiece quality is usually ignored. The liedit
correlation of computational results with realisypgroven

by the complexity of the tools manual adjustmenirdy
the tool lead time. Due to the high demand on fifie e
Q:iency of the machines productivity and the human-
resources management, the interaction of machide an
process becomes of prime importance [4]. Furtheemor
forming of modern high-strength steels, as wellegel-
opment of new forming techniques raises the dentend
higher computational accuracy of the process asd it
faster practical implementation.

1.1. Process-machine interaction

In sheet metal forming as well as in bulk metahfer
ing processes, the geometrical accuracy and thred fin
mechanical properties of the finished part areugriced
by diverse factors (Fig. 1). One of the most sigaift is
the interaction between the press and the formin
process, which influences the possibility of pagchda-
tion [1, 2, and 3].

1.2. Sheet-bulk metal forming

The vision of the Transregional Collaborative Re-
search Centre 73 of the German Research Foundation
the development of a new manufacturing process dame
sheet-bulk metal forming. This projected process
represents a combination of sheet metal formingbauki
metal forming by inducing a three-dimensional mater
flow in metal sheets [5]. The goal is to form compl
functional elements, such as gearing and carrier el
ments, by controlled thickening of the metal shést-
emplary parts, as a potential usage for the prooéss
sheet bulk metal forming, are depicted in Fig. 2eT
Fig. 1. Influences on the quality of the finished part [2] production of the presented parts nowadays reqaides
ditional processes such as machining.

Sheet-bulk metal forming of parts with functional
elements is characterized by high forming forcesdn
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Fig. 2. Examples for potential usage of sheet-bulk metahf
ing, a- spacer rings for multi-cone synchronization [6];
b - fine blanking parts [7].

symmetrical workpieces. Furthermore, the horizontal
forces also arise with the complexity of the fuondl
elements. The functional applications of these iggar
and carrier elements such as fixation, motion aatl |
transmission require compliance with high geomatric
accuracy as well as high precision regarding tinal fi
mechanical properties of the part.

The present contribution gives an overview aboat th
challenges in sheet-bulk metal forming of asymmatri
parts with regard the forming forces. In conclusian
suitable approach to represent the machine chaistitte
is introduced.

2. NUMERICAL ANALYSIS OF PROCESS

2.1. Process
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Fig. 4. Calculated forming forces i, Y, andZ directions for
both investigated materials.

both materials, the fraction of these forces iseninan
50 % of the force in ram stroke direction. By fongriof
the material dc04 the horizontal force is 200 kiyprag-

The primary aim of the process simulation has beerimately. The forming forces of dp600 are about enés

to analyze the process forces while forming an asgm
trical part with functional elements. In this stuthe fi-
nite element cod&imufact.forming 9.thas been used.
The die and the die-plate are modelled as rigididsod
The metal sheet is modelled as elastic-plastic niahte
with the material properties of dcO4 and dual phsteel
dp600 (DIN EN 10027-1) subsequently. The initial
thickness of the metal sheet is 3 mm and the siedla
Coulomb friction coefficient is 0.2. The CAD-Model of
the die-plate and die is shown in Fig. 3. Using floirm-
ing die, functional elements such as gearing amdeta
elements are formed asymmetrically in a workpiedé w
80mm diameter.

2.2. Resulting forming forces

The results of the numerical analysis indicatehhig
forming forces in horizontal direction (Fig. 4) dtethe
asymmetrical formation of the functional elenseftor
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Fig. 3. Forming die and finished part with functional etats.

high as of dc04. The analysis of the blank sheekiiess
reduction with both materials has ensured thatracks
are expected by forming this part.

2.3. Conclusions

The sheet-bulk metal forming of the demonstrated
asymmetrical part shows high forming forces in icaft
and horizontal direction. The vertical forces abe@bed
by the press drive. They are superimposed witthtre
zontal forces, which are absorbed by the guidarfi¢dheo
press. The tool guidance will not be capable tatenact
the high loads due to its limited stiffness. Affagt the
process stability, the machine characteristics rteele
considered in the process layout, otherwise leading
non-compliance with demanded quality tolerancethef
manufactured parts.

3. MACHINE CHARACTERISTICS

3.1. Machine model

The method to represent the machine characteristics
is demonstrated on a specific press installed extrikti-
tute of Metal Forming and Metal Forming Machines
(IFUM). Due to the high requirements on the process
accuracy, a multi-body simulation model (MBS) oisth
experimental press has been developed (Fig. 5)eThe
fore the software toold MS Virtual.Motion-LAB and
ANSYShave been used. The required design data of the
press sub-assemblies have been received from the-ma
facturer. In this MBS, the rigid press componertshsas
eccentric shafts, connecting rods, ram and pressedr
have been replaced by FE models. Therefore théatlas
ty of these sub-assemblies can be taken into atcbhe
FE-models have been modal reduced with the Craig-
Bampton-Method in order to reduce the computational
time. Therefore the developed hybrid multi-bodytegs
allows simulations of high precision and acceptaize.
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Fig. 5. Hybrid multi-body model of the experimental press. Fig. 7. Experimental setup.
3.2. Three-axial load device The triple radial piston pump allows the pressure i

In order to investigate the machines” charactesisti each cylinder to be set independently from eacteroth
under load and to validate the machine mOdel, a neV\That means, a Variety of load prof"es can be Mp“
hydraulic three-axial load device has been develope Each of the horizontal cylinders has a nominal doo¢
(Fig. 6). It enables a simultaneous applicatiovartical 750 kN. The maximum force in vertical direction is
and horizontal forces between the ram and the élst ghout 2000 kN. The regulation and monitoring of the
plate. The regulated force application allows acugate  acting forces is provided by means of the cont@l P
determination of the machine characteristics. Tioeee
the elastic characteristics of the press componemier ~ 3.3. Experimental setup
load can be inspected. The investigations on press characteristics under v

The load device consists of a mechanical part,-a hytical and horizontal loads have been done at tiperex
draulic aggregate and a control PC. The mechapmal mental area of the IFUM (Fig. 7). The developeddloa
represents the actuator of the device, which habeto device has been installed in the die space of tpere
mounted in the die space of a press. The base pidte ~mental press. The displacements of the press coanp®n
the installed hydraulic cylinder has to be fixedhwihe  are determined by the optical measuring systems Pon
bolster plate. The upper plate of the mechanicet fpes tosHS. Therefore thin optical targets had been attached
to be mounted to the ram of the press. to the surface of the ram, bolster plate, pressdtaram

Through specific location of the hydraulic cylinder ~ guide rails and wagons. The positions of theseetarm
is possible to apply forces between the ram andthe ~ dependence of acting forces have been recordedtatmu
ster plate inX, Y andZ directions simultaneously. The neously. Therefore, the optical systems and therabon

required pressure is provided by the hydraulic egate. PC of the load device are connected to each other.
Following investigations concentrate on the compari
upper plate with  horizontal / vertical son of the vertical stiffness between the virtuad aeal
hollow block cylinder base plate press.

3.4. Results and discussion
A vertical force | has been applied between the ram
and the bolster plate in order to determine thdicadr
displacement of the ram in relation to the bolgtiate.
The results of the measurement and simulation @me c
pared in Fig. 8.
@ As expected, the curve progression of the realspres
stiffness (Fig. &J) is not linear. The initial low stiffness
@ is resulting from the clearance and radial stiffnesthe
bearings installed between the sub-assemblies @f th
@ press. Therefore, the vertical stiffness of thesprbas
been calculated by means of the following linearveu
section. The simulation with rigid machine compasen
(Fig. 8a) doesn’'t match the reality due to the infinite
Characteristics: @ mechanical part stiffness €= /m). By taking into account the design
_ @ hydraulic aggregate data of th_e bearln_gs, more computauon_al accurary h
max. horizontal force: 750 kN been achieved (Fig. I8, although the stiffness diver-
max. vertical force: 2000 kN @ control-PC gence is still high. Higher computational accuracgx-
pected by replacing the rigid bodies of the presspn-
Fig. 6. Developed load device for applying three-axiatloa nents with elastic FE-models. This expectation ds-c
profiles between bolster plate and ram. firmed by modeling the elasticity of the press feamam,
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Fig. 8. Comparison of the vertical stiffness between tleam
surement and simulation.

conrods and finally of the eccentric shafts (Fig).8The
remaining divergence of the stiffness between theis
lation and measurement results from the fact tbatat
press components were elastically modeled. Thexefor
the stiffness of the virtual press is higher tharthe real
press. Nevertheless, the correlation between stimola
and the measurement is more than acceptable beiteuse [1]
press model is based on the design data given &y th
manufacturer and has not been adjusted.
4. SUMMARY AND OUTLOOK 2
Forming of parts with complex functional elements
by using the process of sheet-bulk metal forming in
volves high forming forces. The displacement of titnal
and press components is the consequence whichsaffec
the workpiece quality retroactively. In order toprave
the computational accuracy of process simulaticsh tan
reduce the die try-out process, a suitable apprdesh
been presented to take into account the machimactea
ristics. The method has been tested on a speaifissp
Based on the design data, the virtual press (hyhitti-
body model) matches the reality with more than ptace
ble accuracy. The validation of the model has lo@me
by comparison of the vertical stiffness. This pntypés
significant for the tool lead time by practical ilemen-
tation of a new process [8]. [5]
The presented numerical process analysis has shown
that especially the forming of asymmetrical pagsults
in high horizontal as well as vertical forces. Tdémri-
zontal loads have to be taken into account in thehime
simulation due to its enormous influence on thecpss
stability. The resulting horizontal displacement tok
ram is exemplary presented in Fig. 9 by means alesc
vector graphics overlaid with camera images. The de[7]
picted vectors show dislocations of the guide wagion
X direction resulting from the acting horizontal der
Fx =400 kN, which has been applied with the developed
load device. The main objective of the ongoingcaesh  [8]
is the validation of guidance contact data by uging
data.
Furthermore, the machine and process simulation wil
be combined in order to improve the computatiocabia
racy of sheet-bulk metal forming.

(3]

(4]

(6]

Centre 73 (TCRC 73) “Manufacturing of Complex Func-
tional Components with Variants by Using a New $hee
Metal Forming Process - Sheet-Bulk Metal Forming”.
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