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Numerical simulation of the Super Plastic Forming Process
Of the
EFA — 2000 Under Carriage Door
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ABSTRACT

The present work summarises the prdiminary results of a numericd smulation of the
Super Plagtic Forming Process on the EF2000 Under Carriage Door. The smulétion is performed
using the MSC Marc code.

The find god is the acquigtion of the methodology, the validation of the resllts by a
numerica-experimental  corrdation of the thickness digribution, and the verification of the new
cgpabilities of Mac2000 in redion to the optimizaion of pressuretime cycde and to the
remeshing.
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INTRODUCTION

The more and more frequent utilisation, especidly for aeronauticd purposes, of the process of
Super Pagic Forming (SP.F) has determined the necessty in developing very useful tools of
numerica dmulation. Those tools have to be able to give the desgner the capability to evduate - in
an accurate way and in advance with respect to the production phases - the criticd points of the part
to be formed and the drategies to produce optimized parts. Thanks to those tools besdes, a
reduction of the tex and of the production globd cyce can be possble with the consequent
decrease of the globa prices.

In this work the results obtained by choosing the MSC/Marc as tool for the numericd smulation of
the SP.F. are shown. It has been decided to gpply the Marc code to a concrete problem of the
Alenia Aerogpazio-Divisone Aeronautica company, i. e the superplagtic forming of the Under
Carriage Door on the EF2000 aircraft. For this door, in fact, the thickness numericd readings are
available, what enables to redize a numericatexperimentd corrdation; the good agreement of the
thickness numericatexperimenta corrdation will demondrae the vdidity of the code MSC/Marc
asanumerica tool of SP.F. amulation.

In this work a study about the posshbility of a smulaion of the friction between the die and the
plae to be formed has been peformed. Then the new Marc capabilities were examined;
particularly, the one of generating numericaly an optimised loading curve for the SP.F. pracess has
been andysed, as wdll as to redlise auto-adaptive meshes, corresponding to the critical zones.

THE S.P.F. PROCESS

The SPF. is a process, used especidly in the agronautic word, able to produce very complex
shaped and integrated dructures, generdly lighter and stronger than the assemblies they replace.
The process is based on the superpladticity, thet is a particular date achieved by various kind of
materids — metds, dloys ceramic maerids- in specific temperaure and pressure conditions in
which they show a plagtic-viscous behaviour. In this date the maerid is dile to undergo high
deformations (for some materids even drains of 1000% are tolerable) without necking. To achieve
this gate, it is necessary that the following conditions occur same time:

grans little dimensons (1, 10 nm)

forming temperature higher than 50% fusion temperature

low deformation velocity

drain rate sengtivity factor at least equa to 0.3
The SPF. requires a temperature lower than the anneding temperature, so that the produced
objectsaredimensondly stable and free of resdua stresses.

S.P.F. NUMERIC SIMULATION FOR EF2000 U/C DOOR

To redize the superplagtic forming of a pat whose materid gran dimenson are opportune, heated
dies and presses are used in order to achieve the right vaue of pressue, temperature and drain rete.
The Marc code is ale to smulate numericdly this process, through a FEM. modd of the initid
plate to be formed and of the dies, known the loading curve used in the redl process.

In the next figures, the numericd modes - of the die for the EF2000 Under Carriage Door and of
the initid plate- have been represented. Notice how from the same plate a the end of the process
both the door and a“te” article —able to evaduate the goodness of the process - will be formed.



Fig. 2: F.E. model of theinitial plate to be formed

The initid plate to be formed is made by 7075 Aluminium. The initid thickness of 25 mm. It has
been obtained by the insufflation of pressurised ar on the upper and on the lower part of plate, & a
temperature of 485+10°C and by maintaining a controlled strain rate (target strain rate=4* 10 sec™)

Immediately the problem of characterising the materiad of the plate emerged. The Marc code is dble
to define different conditutive laws for the materid; in our case, for the kind of the process to be
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samulated, it has been chosen to describe the materid like isotropic and with a rigid-plastic law. The
relative equation ( the “power law”) is

s,=A (g, +e)"+B e
In our case the firgt part, rdlated to the hardening of the materid, is negligible with respect to the
second one, so that we can write:

sy=B e

in which B and n (sengtivity drain rate, i.e. is the dope of flow dress versus drain-rate curve) are
unknown. To find the vaues of those parameters, a bibliographic reseerch has been performed, and
the higorica Alenia data have been used. Knowing the process temperature, the kind of materid
and the target gtrain rate, the right coefficient have been found:

n=.61 B=509.69 N* sec */mm’

To smulate correctly the condraining of the process the edges of the initid plae have been
clamped.

To dmulae the presses loading, the red loading - used during the process - has been gpplied; the
differentid pressure gpplied to the plate is shown if fig. 3

Fig. 3: Pressure curve for thereal EF2000 S.P.F. process

RESULTSOF THE MARC ANALYSISFOR THE EF2000 U/C DOOR S.P.F.
SIMULATION

In the light of dl the condderations till now drawn, a Mac andyss of the process has been
performed. In the figures shown in the next pages the higory of the numericdly smulated forming
process of the plate has been shown, from the initid increment of the loading till to the find one. In
those figures, the leved of the thickness of the plate has been shown under the deforming piece.

In the find configuration, a numericatexperimental correlation has been peformed between the
thickness read on the red door and the corresponding ones, avalable thanks to the numerica
andyss. The locaions in which the experimentd and numericd readings have been performed are
shown in the figures 5. The results are resumed in tables 2 and 3 of the atachment 1.The numerica
experimentd corrdation makes very good results the percentage difference between numericd and
experimenta readings is on average less than 4%; the punctud difference is quite high only for the
points on the upper pat of the door, where the proximity of the edge gives very difficult every
numerical amulation. Therefore, the proof has been postive, and the Marc code has confirmed its
goodness in smulating a complex process like SPF..
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Fig. 4: Time history of U/C Door forming— Thickness distribution
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Fig. 5: Location of experimental and numerical readings of the thickness



STUDY OF DIE- PLATE FRICTION

To beter underdand why a little number of numerica readings ( only 9, see table 1 ) does't
coincide perfectly with the experimentd ones, and dso to sudy the new Marc cgpabilities, after the
acquistion of the methodology peformed in the previous paragrgph, a the beginning the atention
has been turned to the “test” of the door, shown in fig. 1, 0 that we could have an easy and quick
tool for every atempt. A specific detaled F.E.M. modd of the “test” has been produced (see fig. 6),
and a new numericalexperimenta correlation has been performed, so that the causes of the non
perfect corrdation in some points could be understood. The most probable cause has been found in
the die-plate friction . For this reason, a study about the way to numericadly smulae the friction has
been performed.

Fig. 6: F.E.M. model for the die and for the initial plate of the EF200 U/C Door “ test” article

Because of the fact that the red friction coefficient is unknown, various atempt have been redlised,
by usng different vaues of the friction coefficent, so that we could have a numericd vauation of
the red friction coefficient.
The Mac code uses different modd for the friction. In our process, the Coulomb friction is the
more reliable one, in the dlassical formulation:

Fr=nt, [a]

where F; isthe tangentia force between two bodies in contact, i, the relaive normal
reaction and mis the Coulomb friction coefficient.

In the Marc code the complete formulation for the Coulomb friction is:

Fr=ntn2p *arctan (V/RVCNST)*t [b]
With respect to the [a] formulation, in the p] formulaion there are some added factors, i.e.: v;, the
raive diding velocity between the bodies in contact; RVCNST the vadue of rddtive veocity
when diding occurs (its vdue can be chosen by the Marc user); t the tangentid vector in the
direction of the rdative veocity. Physicdly, those terms are able to represent the friction in some
contact problems, when dong a contact surface the materid flows in a pat of the surface in one
direction and in the oppodte. In those cases, the friction force can be represated like a Sep
function of the two bodies rddive velocity.
In our process, we have chosen to give to the parameter RVCNST an opportune vaue, to bring back
the [b] formulation to the classcd form, expressed into the [a].So, the parameter that could be
vaied into thefa ]n isthe coefficient m



Giving to the mcoefficent the vaues m=0, m= 0.1, m= 025, m= 05, the Marc andyss has been
performed ; then, a numericatexperimental corrdaion has been peformed for the thickness in
correspondence with the points shown in fig. 1. The results have been reported in the teble:

(50 ) 5 5
A 237 23 2% 237 23
B 18 15 in 167 16
C 1% il 12 185 187
D 181 1% 165 17 15
E 1@ 1%8 19 2 2B
F 15 13 173 171 17
G 237 28 228 228 23
H 1% 25 201 19 18
| 18 16 165 17 15
L 187 1% 187 189 19
M 168 1® 158 154 12
N 180 1® 158 154 151
o) 263 20 249 249 25
P 2% 248 249 249 20
Q 25 200 249 249 25

Table 1: NumericalExperimental correlation for the* test” article — Various friction coefficient

The table shows that the numerica thickness on more inclined ddes of the “test” aticle, by
increasng the friction coefficient, becomes higher and nearest to the experimental vaue. But not in
every point there is an improvement, maybe because a vaidble coefficent would have to be
introduced. Those condderdtions could be totdly trandferred to the entire door, so the not perfect
agreement  between numericd and experimentad reading in the 9 points of table 1 could be
explained.

Inplthe future, it could be posshle to split the contact surface in different zones, with different
friction coefficients, so that we could found the unknown friction coefficient thanks to a numerica
experimentd correlation.

STUDY OF THE OPTIMIZED LOADING CURVE

In order to opeaivey goply the discusson conduced till now, for example to improve the
parameters of the red process, a new Marc capability has been andysed. This cagpability provides
an optimized loading for the process, which is able to produce the forming process a the least time
period. Those results have been aoplied a the beginning to the “tex” atide and in a sscond
moment to the entire door, so that an optimized loading curve for the process will be proposed.

The FEM. U/C Door modd and the condraints are ill the ones usad for the analysis of forming
under the red loading; in this case, therefore, the loading curve changes and it will be the man
result of our andyss For this kind of smulation, it has been necessary to indicate the direction and
the versus of the loading, and the maximum vaue of pressure to be achieved during the process.
This vdue of the pressure has been fixed — according to the one used in the actud red process - @ 1
N/mn?. The code stops automatically the anaysis when an “ending condition” has been achieved.
We have decided to finish the andyss when dl the points of the plate are in contact with the die,
that is the forming process is effectivdly ended. After a dudy to find the right coefficients of
convergence for the andyss, for the EF2000 U/C Door the Marc code suggests the new loading
curve showninfig. 7.



WHE

Fig. 7: Numerical optimized loading curve for the S.P.F. process of EF2000 U/C Door

Notice how the loading curve becomes horizontal after 430 seconds from the beginning of the
process (corresponding to the 58 loading increment). So, we could affirm that the new process
examined ends after only 430 second ( againgt the 7800 seconds of the actud process). In effect, the
figure 8 shows as globdly after 430 seconds the form of the die has been kept by the plate. But the
drain rate didribution a the same ingant ( see fig. 9) shows that in some points there is a vadue of
dran rae 4ill high, wha means that the materid would ill flow, above dl in correspondence of

the horizontal basins.

Fig. 8: Thickness distribution on U/C Door - Increment 58 — Optimized loading curve



Fig. 9: Strain rate distribution on U/C Door - Increment 58— Optimized loading curve

By zooming on a basn and following its higory in terms of thickness digribution on the deforming
piece (see the following figures) it emerged thet not in every point the die form is kept by the plate
in the lower angle there is an empty space. The drain rate digtribution confirms thet the materia
would flow to fill the empty space, but the correct form is not achieved. A cause has been found
into the not aufficently finer meshing in this zone the angle of the basn can't be achieved for
numerical reasons.

AN Ny

Fig. 10: Thicknessdistribution on deformed shape— I ncrements 40,58 and 100- Optimized loading
curve — Zone between two horizontal basins

Fig. 11: Strain rate distribution on deformed shape — Increment58 - Optimized loading curve —
Zone between two horizontal basins



To have a locd and automdic finer remeshing, another capability of the Marc has been dudied: the
auto-adaptive remeshing.

STUDY OF THE AUTO-ADAPTIVE REMESHING

It has been decided to evduae this new Marc cgpability in the zone between the two horizonta
basins, where the previous andyss had shown some mates It has been chosen to have a
remeshing such as when a node of the plate touches the die, every dement ariving in that node has
to be golit in four dements We have chosen that this subdivison has to sop a the firs leve. By
performing the Marc andys's, the following results have been obtained.

Frmli=i di Superplasticita” m5
MSC ¥,
Process Prassure #

i E6EBABEBETATI FTTE?

o 5.892
Time (100}

Fig.12 : Optimized loading curve for EF2000 U/C Door SP.F. - Application of the
capability:” Auto-adaptive remeshing ”

The optimized curve is dightly different with respect to the one obtained without remeshing; the
horizontal behaviour of the curve darts after 456 seconds, and not after the 430 seconds of the
previous andyss In next figure the thickness and drain rate didribution a this indant have been
reported.
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Fig. 13: Thicknessdistribution for EF2000 U/C Door — increment 61— Optimized loading curve—
Application of the capability: Auto -adaptive remeshing
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Fig. 14: Srainrate distribution for EF2000 U/C Door — increment 61— Optimized |oading curve—
Application of the capability: Auto -adaptive remeshing
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Fig. 15 :Thickness and strain rate distribution on deformed shape — Increment 61 — Optimized
loading curve with application of the capability : Auto-adaptive Remeshing — Zone between two
horizontal basins

Globdly, it is evident that the form of the die has been kept by the plate. Zooming on the remeshed
zone, natice how the form is followed by the plate in a quite perfect way. The andyss of the grain
rate digtribution shows Hill aflowing tendency, but in avery limited zone.

So the performed andysis shows that a new S.P.F. process could be imagined for the EF2000 U/C
Door, by usng the numericd loading curve shown in fig. 11, sopped in correspondence of the
point in which the curve becomes horizontd.

CONCLUSIONS

In thiswork, an accurate study of the MSC Marc code has been performed.

The good agreement between thickness numericd and experimental readings has shown tha the
Marc code is able to correctly represent the complex process of S.P.F. for the EF2000 U/C Door.

A dudy about the posshility of amulating the die-initid plate friction has been peaformed. Vaious
important cagpabilities of the code have been examined and agpplied, like the posshility to obtan an
optimized curve in terms of times and costs for the SP.F. process, and the opportunity of redizing
an auto-adaptive remeshing of the critical zones.

The immediae gpplication of this sudy could be the utilization of the new loading curve found
through the numericd andyss.

Then this study could open the doors to andyze numericdly every kind of component to be formed
by SP.F., to know dl the parameters of the process. Thanks to the numericd andyss, for example,
it could be possble to choose the optimised loading curve. This would sgnify a more ressoned
utilizetion of the presses, or it could be possble to buy the more opportune mechinery. The
influence of every parameter on the finite component could be evauaed numericdly, too, with a
sgnificant reduction of the expensve tets of the pat to be formed. And findly, the optimized
digribution of thickness for the plae to be formed could be numericdly dudied, so a piece with
dimensons very cose to the project ones could be redized.
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ATTACHMENT 1

L ocation Exp. Readings Numerical Readings | Per centage Gap
3 1.82 1.95 7.14
4 1.84 1.81 1.63
5 1.61 1.59 1.24
6 1. 45 1.46 0.69
7 1.53 1.43 6.53
8 1.6 1.57 1.87
9 1. 86 1.85 0.54
10 1. 66 1. 66 0.00
11 1.6 1.6 0.00
12 1.95 1.61 17. 43
13 2 1.97 1.50
14 1.95 1.99 2.05
15 2 2.03 1. 50
16 1.83 1.84 0.55
17 1.8 1.84 2.22
18 2 1.98 1. 00
19 1. 95 1.92 1.54
20 1.8 1.7 5.50
21 2.02 1.94 3.96
22 1.96 1.9 3.06
23 2.04 1.97 3.43
24 1.88 1.85 1.59
25 1.77 1.97 11.29
26 2.1 2.09 0.49
27 1.85 1.76 4.86
28 1.81 1.87 3.31
29 2.14 2.17 1. 40
30 2.12 2.13 0.47
31 2.1 2.09 0.47
32 1. 96 1.78 9.18
34 1.78 1.73 2.80
35 1.91 1.87 2.09
36 1.7 1.63 4.12
37 2 2.03 1.50
38 1. 67 1.77 5.98
39 1.8 1.74 3.33
40 1.81 1. 64 9.39
42 1.9 1. 84 3.16
43 1.93 1.97 2.07
44 2.05 1.91 6. 83
45 2.11 1.97 6. 63
50 2.02 1.96 2.97
54 2.07 2 3.38
55 2.11 1.89 10. 42
56 1.91 1.94 1.57
57 2 2.02 1. 00
58 2.02 2 1. 00
59 2.05 1.77 13. 65
60 2.11 1.9 9.95
61 2.09 2.06 1.43

Table 2 — Numerical-Experimental correlation on thickness— Part A




L ocation Exp. Readings Numerical Readings | Percentage Gap
1 2.14 1.99 7,00
2 1.94 1.98 2.06
3 1. 94 2 3.09
4 1.97 1.96 0.51
5 1.97 2.02 2.53
6 1.98 2. 07 4.54
7 1.8 2.11 17. 20
8 1.9 2.04 7.30
9 2.06 2.14 3.88
10 21 1.99 5.23
11 1.9 1.89 0.52
12 2. 06 1.91 7.28
14 2.08 2.01 3.36
16 2.15 2.08 3.25
18 2.1 2 4.76
20 2.14 2.05 4.20
22 2.08 2.03 2. 40
23 2.02 2.01 0. 49
24 2. 23 2.13 4.48
25 2.13 2.08 2.34
26 1. 97 1.96 0.51
27 2.1 2.05 2.38
28 2.13 2.13 0. 00
29 1.95 2. 07 6.15
30 2.2 2.14 2.72
31 2.02 2.06 1.98
32 2.04 2.04 0. 00
33 1.93 1.91 1.03
34 2.13 2.22 4.22
35 2.16 2.22 2.77
36 2.03 1.92 5.42
37 2.07 2.04 1. 45
38 2.05 2.12 3.41
39 2.01 2.04 1. 49
40 2.29 2.35 2.62
46 2.05 1.87 8.78
47 2 2.05 2.50
48 1. 95 1.96 0.51
49 2.03 2.05 0.98
50 2.12 2.12 0. 00
51 2.12 1.85 12.73
52 2.06 1.81 12.13
57 2.09 2.02 3.35
58 2.09 1.99 4.78
A 2.37 2.3 2.95
B 1.8 1.77 1. 66
D 1.81 1.68 7.18
F 1.75 1.75 0. 00
G 2.37 2.36 0.42
M 1.68 1.65 1.78
N 1. 69 1.66 1.77

Table 3 — Numerical-Experimental correlation on thickness— Part B




