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Optimization Value of Springback for Aircraft Panel
after Stretching Process

The purpose of this work is to simulate the process of stretching the aluminium profile using the
ABAQUS/CAE software and the finite element method. This problem is relevant for many parts of the agricultural
technology, automobile and aerospace industry and the choice of their optimal values is very difficult, since it depends
on many factors. The research methods used in the past were based on an empirically-intuitive basis. The main content
of the presented work includes numerical modelling with a detailed description of the sequential operations undertaken
to achieve the optimum value of springback. In the process of searching for the optimum value of springback of the
material, the use of the ABAQUS/CAE software made it possible to visualize the presented process by the example of
an aluminium alloy, to perform a number of experiments with different distances and stretching angles. The use of
such a modelling system for details of the aerospace industry will significantly reduce the number of experiments, and,
consequently, reduce the costs of conducting them.
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3HaYeHMe ONTHMHU3ALMU YNPYIHX CBOMCTB a3POJAMHAMHYECKONl INOBEPXHOCTH MOCJIe

MPOoLEeCcCa PACTAKEHUSA

Lenpto maHHOM pabOTHI SABIAETCS MOJEIMPOBAHKE IPOLECCa PACTHKEHHUS aTFOMUHHEBOTO Mpoduis ¢
UCronp30BanueM mporpammuoro odecreucanss ABAQUS/CAE u MeTona KOHEYHBIX 37€MEHTOB. it MHOTHX
JeTajield CeIbCKOXO3IWCTBEHHOW TEXHUKH, aBTOMOOWJIBHONH W a’pOKOCMHYECKOW MPOMBINIJICHHOCTH JTaHHAS
npoOyieMa MpenCTaBISIETCs] aKTyallbHOM, a caM BbIOOpP WX ONTHMAJIBHBIX 3HAYCHUI BECbMa CIIOXKEH, TaK Kak
3aBUCUT OT MHOI'ux (baKTOpOB. le/lMeHﬂeMbIe B IpOLIJIOM HCCICA0OBATCILCKUEC MECTOJbl OCHOBAHBI Ha
SMIIMPUYECKH — HHTYUTHBHOW ocHOBe. OCHOBHOE CoOJiepKaHHe IPEICTABICHHON paboThl BKIIOYAET YHCICHHOE
MOJECJIMPOBAaHUE C HO}IpOGHI)IM OIMMCAaHUECM IIOCJIICAOBATCIBbHBIX onepaunﬁ, NPpSANPUHATBIX TJId JOCTHKCHUA
ONTHUMAJIEHOTO 3HAYEHMsI YIPYTHX CBOWCTB Marepuaia. B mpomecce moucka ONTHMaIbHOTO 3HAYCHUS YIPYTUX
CBOICTB aJIFOMUHHEBOTO NpoQuisl HCIoib3oBaHKHe mporpammuoro obecnedenuss ABAQUS/CAE mno3Bosmiio
BU3yaIM3UPOBATh IPEACTABICHHBIA MpPOLIECC HAa IpHMEpe AIIOMHHHUEBOTO CIUIaBa, IPOBECTH  DsA
9KCMEPUMEHTOB C PA3IMYHBIMHA PACCTOSHUAMH W yIJIaMH pPacTsOHKeHus. lIpuMeHeHHe HomoOHON CHCTEMBI
MOJICTIMPOBAHMS MIPUMEHUTEIBHO K JETAISIM a’POKOCMHYECKOH MPOMBIIIICHHOCTH IO3BOJHUT 3HAYUTEIHHO
COKPATUTbh KOJIMYECTBO SKCIIEPUMEHTOB, a CIEJOBAaTEIbHO, CHU3UTh MaTEpHAIIbHbIE 3aTPAThl HA UX IIPOBEICHHE.
nporpamMmHoe obecnedeHue ABAQUS, 4ymnciennoe MoaeJMpoBaHHe, a3pOAHMHAMHYECKAsi MOBEPXHOCTD,
pacTsiKeHne
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Introduction. Stretch forming process, is one of the sheet metal forming, used in the
field of aerospace manufacturing industry and high-speed train parts. In the
aerospace industrial, many parts made from sheet metals such as wing-fuselage and saddle
panels, as these formed the sheet parts, however, there are many defects, including spring-
back. Also, defects such as excessive thinning, coarse grains and bulging can be controlled by
multi-step forming, etc. [1, 2]. In order to control springback effectively or to minimize the
adverse impact of spring-still need further technical improvement. The springback amount is
affected by both the material properties and the forming process. There are many researches
done on stretch forming process parameters in an effort to minimize springback [3, 4].
However, one important element in controlling springback in the forming process of sheet
metals is to design the die profile, springback. In the past compensation methods in sheet
metal stretch forming processes, was dependent on the experience of the die designer. These
methods were based on the (experimental) trial and error to achieve the ultimate shape of a
target part. After the emergence of computer technology, sheet metal stretch forming
processes can be analyzed prior to experiments using the finite element method (FEM), FEM
became the basis of springback compensation methods [5-7].

Properties of the Material. For the hardening behavior of the aluminum alloy sheet,
the mechanical properties are summarized as shown in table 1.

Table 1 — Mechanical properties of the aluminum alloy

Elastic Modulus Poisson’s Yield Strength | Ultimate tensile strength | Density
(GPa) Ratio (MPa) (MPa)
63270 0.28 320 436 2.7E-009

FE model. In this study, an aluminum alloy sheet shape is used, 2024-O; 8000
mmx1300 mm in size with a thickness of 6 mm was utilized.

An optimization procedure based on the ABAQUS tool was developed, in which the
input files for the commercial FEM code ABAQUS/Explicit and ABAQUS/Standard.
Geometrical features of die and punch profiles are described by a series of points in the finite
element analysis. A common approach is to divide (or disperse) the surface of the die along its
characteristic profile lines by applying meshing software, after which are obtained the data
for all the nodes coordinates, single die and punch surface divided according to this method
(using the ABAQUS/Explicit code) as in figure 1, where x, y and z is the coordinates of the
FE model, die and punch were meshed using a rigid element (R3D4); the sheet was meshed
using 11000 shell elements (S4R), the friction coefficient was assumed as 0.08. The stretch
bending process consisted of sequential three steps: Pressure force or boundary load of punch
to the direction Z-axis (F = 220 KN); Pre-stretching, bending; Post-stretching, stretch force to
X-axis direction with different distance (80, 90, 100, 110, 120 mm) and different angles (
0°,5°,10°,15°) . In figures 2 and 3 shows die and punch from bottom side, also can be seen
clearly the shape of the workpiece which we worked on.

Punch

Sheet

!

Die
Figure 1 — FE model
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Figure 2 — Punch Figure 3 — Die

Simulation Results. A series of 20 simulations were carried out : (80, 90, 100, 110,
120) mm stretching distance and different angles ( 0°,5°,10°,15°) as shown following.

First simulation: comparison of four simulations 80 mm stretching distance with (0°,
5°,10°, 15°) angles, the best results was at (angle 5°) as in figure 4.

Second simulation: comparison of four simulations 90 mm stretching distance with
(00,50,100,150) angles , the best results was at (angle 150) as in figure 5.
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Figure 4 — Stretch force 80 mm Figure 5 — Stretch force 90 mm

Third simulation: comparison of four simulations 100 mm stretching distance with
(0°,5°,10°,15° ) angles , the best results was at (angle 15°) as in figure 6.

Fourth simulation: comparison of four simulations 110 mm stretching distance with
(0°,5°,10°,15°) angles , the best results was at (angle 10°) as in figure 7.
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Figure 6 — Stretch force 100 mm Figure 7 — Stretch force 110 mm

Final simulation: in the last step, comparison of four simulations 120 mm stretching
distance with (0°,5°,10°,15°) angles , the best results was at (angle 10°) as in figure 8.
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After complete comparing 20 simulations, the best five results from (1%, 2™, 3™, 4™,
5™) simulations are compared as in (Fig. 9). So, the best result of the springback at stretching
distance 90 mm with (angle 15°) as in figure 10.
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Figure 8 — Stretch force 120 mm Figure 9 — Compare 5 results (1%, 2", 3%, 4", 5™)
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Figure 2 — Stretching distance 90 mm with angle 15°

Summary. The uses of simulation system in the testing process helps to applying all
the steps on the work piece, which leads to reduce the time of the experiment and save the
effort and money. The use of the simulation system helps to fast access to the desired results
and thus apply these results to the actual work piece in the factory. This study allows to
visualize the process extending for aluminum alloys. An accurate model was obtained at the
end of the simulation process. Efforts have been made to find the optimization value of
springback.
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3HaYeHHs onNTHMI3amii NPYKHMX BJIACTHBOCTell aepoAUHAMIYHOI NOBepPXHi micas

NMpouecy po3TAryBaHHs

VY craTTi BUKOHaHa ONTHMI3allisl MPY)KHUX BIACTHBOCTEH aepoAMHAMIYHOI MOBEpXHi. [3 1mi€ro meroro
MIPOBEICHO MOJICITIOBAHHS IIPOLIECY PO3TATYBAHHSA AIIOMIHIEBOTO HPOQII0 3 BUKOPHUCTAHHSIM IPOTPaMHOTO
3abesneuenHss ABAQUS/CAE ta merony KiHIEBHX elieMeHTIiB. [[ys 0aratbox aertanieil CilbChbKOrOCIOAapChKol
TEXHIKH, aBTOMOOIUIBHOT Ta aepOKOCMIYHOI IPOMHCIIOBOCTI JaHa MpodieMa € akTyaJbHOIo, a caM BHOIp ix
ONTHUMAIBHUX 3HA4Y€Hb JOCHThH CKIIQJHUH, TOMY IIO 3aJIeKHUTh Bif Oarathox (akTopiB. PaHimie 3acrocoByBaHi
JOCIITHUIBKI METO/IM IPYHTYBAJIMCS HA €MITIPUYHO—IHTYITHBHOMY MiIXO/i.

OCHOBHHUI1 3MICT TIpENCTaBIEHOI POOOTH BKIIIOYAE YUCEIbHE MOJECTIOBAHHSA 3 JETAIBHHM OIMCOM
MOCJIIIOBHUX ONEpalii, SKi BUKOHYIOTHCS JUIS JOCSTHEHHS ONTHMAaJbHOTO 3HAUYEHHS IPY>KHUX BJIACTUBOCTEH.
BumnpoOyBaHHs pOBOAMIIICA HA TPAAULIHHOMY TaOOpaTOPHOMY yCTAaTKyBaHHI, Ha 3pa3Kax CTaHAAPTHOI GopMH
JUI KOKHOTO BHAY BHIIPOOYBaHB IPH 3MiHI TEXHOJOTIYHHX (AKTOpiB. Y MpOIECi MOMIYKY ONTUMAIBEHOTO
3HA4YeHHS MPYKHOCTI MaTepiany BHKOpHCTaHHS mporpamHoro 3abesneueHHs ABAQUS/CAE pmamo 3mory
Bi3yasli3yBaTH NpEACTaBICHUI IpoIeC Ha MPHUKIAAlI alIOMIHIEBOTO CIUIaBY, MPOBECTH DA EKCIEPHUMEHTIB 3
PI3HUMH BiJICTaHAMH W KyTaMH pO3TATyBaHHS.

3acTtocyBaHHS MOAIOHOI CHCTEMH MOJICIIOBAHHS Ha OCHOBI PO3PaXxyHKOBO-EKCIIEPHMEHTAIBHOI 0a3u
JUTSL IUJICCTIPSIMOBAHOTO TMOINYKY ONTHMAIBHOTO 3HAYEHHS CTOCOBHO JETaJel CLIbCHKOTOCIIOAAPCHKOI TEXHIKH
JIO3BOJIUTH 3HAYHO CKOPOTHTH KUIBKICTh EKCIEpHUMEHTIB, a OT)Ke, 3HM3UTH MaTepiajbHi BUTpaTH Ha ix
MIPOBEACHHS.
nporpamHe 3ade3neyeHHss ABAQUS, uncesibHe MOJe/IIOBAHHS, AePOJUHAMIYHA IOBEPXHs, PO3TATyBaHHSA
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EdexTuBHICTH po3lIapyBaHHS 3€PHOBUX CyMIIIIEH TIpU
iX OYHUIIEH] B MHEBMOCENAPyBAIBHUX KaHAIaX
3€pPHOBHUX CE€MapaTopiB

TeopeTHYHUMH OCTI/DKCHHSIMHA BU3HAYEHI KIiHIIEBI MaTeMaTW4HI BHUPa3W OUHAMIKH KOMIIOHCHTIB
3epHOBHX CyMillell TpW IiX po3IMapyBaHHI Ha CKaTHIH MOBITPONIPOHUKHIA TOBEpXHI po3po0IEHOTO
THEeBMOCETIAPYBaJIHHOTO KaHATy. BCTaHOBIIEH] BUpa3H TPAEKTOPIA PyXy HYaCTHHOK AOMIIIOK y 3€pHOBOMY IIapi,
3a IOTIOMOTOI0 SIKUX OTPUMAHO 3aJIeKHOCTI Koe(ilieHTy po3IIapyBaHHS PO3pPOOISHOTO ITHEBMOCETIapyBaIbHOTO
KaHaJIy BiJl MapaMeTPiB PO3IIAPYIOYOr0 MPHCTPOIO Ta BJIACTHBOCTEH 3epHOBHX cyMilieil. ExcniepuMeHTanbHO
MIATBEPXKCHO MaTEeMAaTUYHE MOJICIIOBAHHS Ta YTOYHECHO palliOHAJIBHI MapaMeTpu PO3IIAPYIYOro MPHCTPOIO
MIPY OYHIILEHI PI3HUX C.T. KYJIBTYP.
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