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Comparison between Experimental and Simulation
Results of Bending Extruded Aluminum Profile

This paper focuses on the reliability of vehicle body structure made of aluminum alloy, it also
investigates the influence of bending process on strength and forming quality of the part. The optimization of
profile shape section during bending process is very crucial factor for the component reliability and forming
quality. However, it is difficult to get ideal solution for optimization of forming process by using only theoretical
analysis and experiments. Therefore numerical simulation based on finite element is used more and more to
analyze the forming mechanism, to predict the defects and to optimize the process parameters. ABAQUS
software shows detailed preprocessing steps of the profile design and formation followed by an accurate model
to work on. The simulations allow investigating critical areas of the profile during the formation process. This
paper studied the evolution of thickness deformation along the profile, the middle section was targeted since it is
the most deformed area, then compared the variations of thickness between simulation and experiments in all
cases using punch only and die-punch. The agreement between the experiments and the simulations is fairly
good for most cases, which proves the validity of the established numerical model.
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B crarbe uccienoBaHbl HaJAGKHOCTh KOHCTPYKLMH Ky30Ba aBTOMOOMJISI M3 aJFOMHHUEBOTO CILIaBa, a
TaKKE€ BJIMAHUEC ITpoLecca 1/13r1/16a Ha MPOYHOCTb U Ka4YE€CTBO IITAMIIOBKHU JICTAJIU. OHTI/IMI/BaLIl/lH (1)0pr1 CCUCHMUA
HpO(I)l/lJ'lﬂ B Iporecce I/I3FI/1621 ABJISICTCA Ba’XHBIM (I)aKTOpOM TIOBBINICHHA HAJIC)KHOCTH U Ka4CCTBA M3TOTOBJICHUA
nerayneil. OfHAKO IMOJyYeHHE HACAIFHOTO PEIICHMs NpPU ONTHMHU3AIWH IIporiecca M3ruda MpeCcTaBisieTCs
CJIOYKHBIM, WCIIONIB3Ys JIMIIb TEOPETUUECKUN aHalM3 M Pe3yJIbTaThl SKCIIEPUMEHTOB. [ aHamm3a MexaHu3ma
(opMupoBaHuUs, TPOTHO3MPOBAHMS JE(PEKTOB ¥ ONTHMHU3AIMU MNapaMeTpoB IIpolecca H3rnda BO3MOXKHO
NPUMEHEHNE YHCICHHOTO MOJEIMPOBAaHMSA Ha OCHOBE METO/A KOHEYHBIX 3JEMEHTOB. IIporpamMmuoe
obecieuerne ABAQUS moxa3piBaeT 3Tambl MPOCKTHPOBAHUS TIPEABAPUTEIBHON 00paboTKM Tpoduis ¢
MOCJIEAYIONINM MOJTydYeHHEM padboueil Mozenu. MoaenpoBaHue MO3BOJISIET UCCIEI0BATh KPUTHIECKUE YIACTKH
npoduis B mpouecce ux ¢GopMupoBanus. B crathe ucciemoBanuch Haubosee JeopMHpOBaHHBIE 00JaCTH
cpeiHel 4acTh Mpoduisl IMyTeM CpaBHEHHs PE3yJbTaTOB MOJICIMPOBAHUS W SKCHepHUMEHTOB. Koppersist
MEXKIy pe3ylbTaTaMd MOJCIUPOBAHKUS M JKCICPHUMEHTOB JIOKa3blBaeT OOOCHOBAHHOCTH YCTAHOBIICHHOM
YHCIIEHHOI MOJIEIIH.
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Introduction. In recent years aluminum profile is widely used in various fields such
as aeronautics and automobile industries to get light product. As one of main forming process
to obtain the profile part, bending becomes the major development direction of advanced
plastic forming technology. The materials science, mechanics and computer application for
manufacturing technology peristaltic the process of plastic forming technology and advanced
numerical simulation [1]. The development of advanced forming technology in the promotion
of science and technology, economic and defense modernization has an important role in the
process. In the process of plastic bending profile, the product generally desire to achieve
lightweight, high strength, high precision, high efficiency, low consumption and other
requirements [2]. For this 21% century the plastic processing technology [3], research and
development has advanced enormously, most developed for the automotive, aviation, and
aerospace industry and has bringing a broad application prospects [4].

Source of project. In factory, the manufacturing process of parts such as machining,
forming and welding will affect on the quality and service life of parts. Forming local of plate
parts such as excessive thinning caused defect thickness deformation and cracks. Affecting
the weld defects and temperature on the welding material properties and other factors such as
local forming and welding deformation, will not only affect the appearance, will change the
stress state and causing the error theory calculation model. So, the equation is; how to reduce
or avoid these defects? To study this forming bending process is a meaningful subject.

This paper is based on above background, thickness deformation of bending extruded
aluminum alloy profile, molded parts and analysis of the causes of defects is aim project
research, the forming process of form and position at the same time of aluminum alloy profile
into pieces to study thickness deformation on the part during the operation, explore and
elimination of defect provides the reference for the design and manufacture of molding parts.

The object of study. The goal of this study is to optimize the bending process
parameters and the profile section shape using numerical simulation. The simulation is
realized using the finite element method software ABAQUS. The main contents of research
work include ABAQUS, which uses to obtain an accurate model to work. The simulation
gives information about the location of damage areas on the profile after bending. Also
studied the evolution of thickness deformation along the profile, the middle section of profile
was targeted since it is the area the most deformed. And compared the variations of thickness
deformation between simulation and experiments results. There are similarities, but the values
from the experiments are not accurate enough, and the simulation suffers from edge effect.

Analysis of finite element simulation. Generally, finite element simulation process is
divided into the following;

Explicit algorithm. The explicit calculation also known as the central difference
method, acceleration and velocity has the following hypothesis;

X l

u, = F(upm - 2ut + ut+At) (1)
. 1
u, = m(ut—m - ut—At) (2)

The two above-described relations is substituted into the equation of motion to get
central difference method of recursive formula as follows;
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From above equation, at the current time only the displacement acceleration is related
to the displacement of the previous time, the only means of solving current moment without
iterative process [5].

Implicit algorithm. The implicit algorithm is relatively complicated, the widely used
method is Newmark, the relationship between acceleration, velocity and displacement as
follows;

|:|t+At:L.Jt+|:(1—5)ljl:+5at+At:|At , 4)
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Substituted into the equations of motion can be obtained recursive formula as

following;
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From previous equation, the displacement, velocity and acceleration at any time are
related to each other, this makes solving the equations of motion into a series of solving
nonlinear equations, must be achieved through an iterative and simultaneous equations [6].
There are two problems need to be solved in the process of solution: first, is not necessarily
can convergence of iterative process; second, simultaneous equations is possible to determine
solution without terrible appearance. Therefore, for solving nonlinear implicit algorithm
cannot guarantee the convergence. In addition, at each step of the calculation require iterative
solution for equation of static equilibrium, the need to occupy a considerable amount of
computing resources, disk space and memory [7].

ABAQUS software. ABAQUS/CAE is a finite element software, used complex
system for modeling constraints and deformations [8]. It is composed of different modules;
every module helps to describe the system. It is widely used in the vehicle, aerospace and
industrial products. The product is popular with academic and research institutions due to the
wide material modeling capability and the program's ability to be customized [9]. ABAQUS
also provides a good collection of Multiphysics capabilities, such as coupled acoustic
structural, piezoelectric and structural pore capabilities, making it attractive for production
level simulations where needs multiple fields to be coupled.

Each complete finite element analysis depend on 3 separate stages;

I. Pre-processing or modeling: This stage involves creating an input file which
contains an engineer's design for a finite element analyzer.

I1. Processing or finite element analysis: This stage produces an output visual file.

I11. Post-processing or generating report, image, animation, etc. from the output file:
This stage is a visual rendering stage.

Bending forming simulation & experimental verification

Characteristic of the profile part. In this paper we will work on vehicle structure
profile as shown in the Picture 1, which made of aluminum alloy A6N01S with mechanical
properties as shown in the table 1.

113



ISSN 2409-9392

Table 1 - Mechanical properties

Picture 1 — Profile section size
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Modulus of Yield Poisson's Tensile Strength Strain Elongation
elasticity strength ratio strength coefficient | hardening %
E / MPa c0.2/MPa (Mpa) K (Mpa) Index n
66946 232.211 0.359 265.843 343.910 0.079 8 8

Many factors that affect the actual formation process, is not likely to be quite
successful consistent with the application of the program, it is very complex. From here, to
describe the process faster and more accurately, we choose the operation parameters is the key
to control.

In this paper, the attention is paid to forming process and influence of die radius,
therefore, in order to improve the computational accuracy and efficiency goals will use punch
only & die-punch as shown in the Picture 2, by Using ABAQUS/CAE software, apply
simulation process on the part such as (properties, assembly, step, interaction, load and mesh)
can find the optimization amount of thickness deformation of the profile due to bending
process for four types of radiuses ( R800 — R1200 — R1500 — R2000 ) mm.

10T

10n

of ﬁaot
Punch ==

Picture 2 — Methods of bending

In the Picture 3, shown the thickness deformation along the profile of experimental
results for all radiuses (R800 - R1200 - R1500 - R2000), where we can see from the graph
most deformation is done at the ends of the profile, and the maximum thickness deformation
for each radius is shown in the table 2, which notes that whenever die's radius increases, the
value of thickness deformation decreases.
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Picture 3 - Thickness deformation of experimental results for all radiuses

Table 2 - Experimental thickness deformation
Radius R (mm) 800 | 1200 1500 2000

Thickness Deformation (mm) 0.21 | 0.16 0.14 0.13

Comparison between thickness deformation of experimental results with thickness
deformation of simulation results for each radius in punch only & die-punch.
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Picture 4 — Thickness deformation for radius (R800) Picture 5— Thickness deformation for radius (R1200)
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Picture 6 — Thickness deformation for radius (R1500) Picture 7 — Thickness deformation for radius (R2000)
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By focusing on the previous graphs, in case of radius R800 most thickness
deformation done in the middle of profile. In bending process of radius R1200 and R1500,
max. thickness deformation is occur in the middle of the profile when using punch only, while
this deformation occur in the middle and ends of the profile in case of using die-punch. In
radius R2000, when using punch only a small amount of thickness deformation done in
middle of the profile, but in case of using die-punch the thickness deformation done at the
ends and middle of profile, this refers to the contact between the punch and profile during
bending process. In all cases, we note the amount of thickness deformation decreases
whenever bending radius increase whether using punch only or using die-punch.

Table 3 - Max. Thickness Deformation of Simulation Results

R800 R1200 R1500 R2000
Max. Punch Die- Punch Die- Punch Die- Punch Die-
Thickness Punch Punch Punch Punch

Deformation | 0.1204 | 0.1390 | 0.1045 | 0.1450 | 0.0697 | 0.0664 | 0.0430 | 0.0519
(mm)

S, Misas
. (Avg: 75%)
5, Mses | 42.812e+02

42.833+01
| B 5755001

008: Job-13.0d>  Abaqus/Explict 6.12-1 Thu Oct 30 13:37:40 China Standard Time 2014

Step: Step-2
Increment  60131: Step Time = 1.0000€-02

ncr
r X Primary Var: S, Mises
Deformed Var: U Deformation Scale Factor: +1.000+00

008: Job-m3.odb  Absqus/Explicit 6.12-1 Mo -

Step: Step-2

Increment  60174: Step Time = 1.0000€-02
z X Primary Var: S, M

Deformed Var: U

isas
far: U Deformation Scale Factor: +1.000+00

Picture 8 — Cross section in the middle of profile (R800)  Picture 9 - Cross section in the middle of profile (R1200)
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Picture 10 - Cross section in the middle of profile (R1500) Picture 11 - Cross section in the middle of profile (R2000)

When cut the profile from the middle, we notices clearly a distortion in the middle
area during bending process as shown in the figures 8, 9, 10 and 11. The amount of distortion
is greatest in case of R800 and this amount becomes less when bending radius becomes
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bigger. Also this distortion causes irregularity in the external shape of the profile, this may
cause problems during final assembly.

Conclusion. In this paper, permits to visualize the bending process of extruded
aluminum profile, to know the problems that occur after bending process of the profile, such
as thickness deformation and also, when cutting the profile from the middle, notes the
presence of distortions in the internal shape of the profile due to bending process, this
distortion increases whenever the radius decreases. Through the comparison between the
experiments and simulation results, we can conclude that the optimization design which
includes all the suitable parameters and in line with the actual manufacturing process of the
profile, where faces less problems to obtain the best values of thickness deformation, when
using die-punch of radius R1200.

Recommendation. Recommend to use ABAQUS software, its provide very
convenient ways for modeling the profile. The simulation had to give us information about
the location of critical area on the profile after bending process. It also helps to save money,
time and effort to obtain the optimization results, which could be applied to the actual product
in the industry.

To avoid distortion in the middle of the profile, we recommended to change the inner
design of the profile with add support columns which help to reduce the amount of
deformation taking into account that the weight and outer design of the profile are not
changed.
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naHoi poOOTHM € onTMMizalis TapaMeTpiB IPOLECY BHUIMHY IITAMIIOBAHOTO ajiOMiHi€EBOro mnpodiiro, ska
pealtizoByBajacs YHCCIbHUM MOJICIIOBAHHSAM 3 BUKOPHCTAaHHSIM IporpaMHoro 3adesneucHus ABAQUS.

IIporpamue 3abe3meueHnss ABAQUS 3acHoBaHe Ha MeTOJIl KIiHIEBHX €JIEMEHTIB JIJIi BUKOHAHHS
BIpTyaJIbHUX BUIIPOOYBaHb 3 BUKOPUCTAHHIM PEaiCTUYHOTO MOJIEIIOBAHHS, 110 JOTIOMAarae CKOpOTUTH BUTPATH
W dYac Ha pO3pPOOKYy TMPOAYKTY, a TaKOX INIBHIIATH HATIHICTE BUPOOIB, IO BUIYCKAIOTECI Y
MammHOOyIyBaHHI. MoOZIETIOBaHHS J03BOJIIE€ 3HAXOAWTH Ta MOCHIDKYBaTH KPUTHYHI ITUISHKA Tpodiaio B
npoueci ix QopmyBaHHsa. Bukopucrannsi mnporpamuoro kommuiekcy ABAQUS  no3Bonuiio  3aidcHUTH
Bi3yaJi3ailiio Mpolecy BUTMHY alOMIHIEBOTO MPOQLIIO, TOCHIUTH Ae(eKTH, 10 BUHUKAIOT y MPOLECi BUTHHY
npodinto. Po3risHyTo HaiiOiibmn nedopMoBaHi 007acTi CepelHbOI YaCTHHU MPOMUI0 MUIIXOM IMOPIBHSIHHS
pe3yJbTaTiB MOJIEIIOBaHHS i excriepuMeHTiB. Kopersiist Mk pe3ysibTataMu MOJCIIOBAHHS i eKCIIEpUMEHTIB
JIOBOJIUTH OOTPYHTOBAHICTh BCTAHOBJICHOT YUCEIBLHOI MOJICII.

JUts migBUIIEHHS MIITHOCTI AQNFOMIiHIEBOTO TPO(MITI0 PEKOMEHJIOBAHO 3MIHUTH HOTO BHYTPIITHIO
KOHCTPYKIIi10, TIPH IIbOMY Bara i Ju3aifH MpoQ1uIio 3aJHIIHINCS HE3MIHHUM.
amoMiHieBHiT npodink, npoiec BUTMHY, YHceIbHe MOIeIOBAHHS, MporpaMHe 3ade3nedennss ABAQUS
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[IpocTtpancTBeHHOE 1ehOPMUPOBAHUE THOKUX
KOHCTPYKIIUM, COCUHAIOIINX CYyTHO-HOCUTEIb U
MPUCOCTUHEHHBIN O0BEKT

[TpuBOAMTCST METO/ YMCICHHOTO PEIIeHNUS 3a]au KoJieOaHHUsT THOKOTO COEAMHSIONIETO 3B€Ha MOPCKOTO
Ha3HAYCHUs, OCHOBAaHHBIH HAa COBMECTHOM IIPHMEHEHHHM METOJa MPOJOJDKEHUS 10 TapaMeTpy W MeToja
Herotona-Kanroposuua. Onmcansl criocoObl TPHIOKEHUSI TMHAMUYECKUX HAarpy30K W MOCTAHOBKH I'DAHWYHBIX
ycioBuid. [IpuBeneHsl pe3yabTaThl peLLEHUs 3a0auu.
ynpyroe aeopMHpOBaHHe, THOKUI 31eMeHT, YHCJICHHbIC METObI

A.JO. JIucux, KaH]. TeXH. HAYK

Iepsomaiicokuii nonimexuiynui incmumym HYK im. aomipana Maxaposa, m.Ilepgomaiicek, Ykpaina

IIpocTopoBa nedopmanisi rHyYKHX KOHCTPYKIIH, sIKi 3’ €IHYIOTH Cy/IHO-HOCiii U IpHETHAHMIT 00’ €KT
Po3ristHyTO METO YMCIOBOTO PO3B’A3aHHS 337adi KOJMBAHHS THYYKOI CHOITYYarouoi JJaHKH MOPCHKOTO

NpU3HAYCHHs, MOOYJIOBaHUN Ha CyMICHOMY 3aCTOCYBaHHI METOJY MPOJOBXKEHHs 10 TapaMeTpy 1 MeToxy

Herorona-Kanroposiua. Omucani crocoOu J0JaBaHHS JWHAMIYHHUX HAaBaHTa)KCHb 1 MMOCTAHOBKH T'PAHHMYHHX

ymoB. HaBenieHi pe3ysibraTu pillieHHs 3a/1a4i.

npy:kHa Aedopmanisi, THyYKHA eJIeMEHT, YHceJIbHI MeToan

IlocTanoBka npobaemsl. [IpoGiema TpaHCHOPTUPOBKU HEPTE- U Ta30MPOIYKTOB C
cynna-nocutenss (CH) x npucoenmnenHomy oObekty (I1O) crama B mociemHee Bpems
0COOEHHO aKTyaJlbHOM. JTO 00ycCiIaBiIMBaeT HEOOXOAUMOCTh pPa3padOTKHU U CO3/1aHUS HOBBIX
TUMOB TUOKMX KOHCTPYKIMH, TMOBBIIIEHUS WX TMPOYHOCTH U HAAECKHOCTH. Takum
COEJIMHSIOLIUM 3BEHOM MOTYT OBITh TMOKHE apMUPOBAaHHBIE IIJIAHTH, THOKKE TPYOOIPOBOIbI
HOCTOSIHHOM KE€CTKOCTH, THOKHE OaHJa)KUpOBaHHbIE TPYOOIIPOBOJIBI U T. 1.
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