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Abstract. Currently engineers use computer-aided desigrs tmokimulate processes and systems.
This allows to reduce time and material costs angrove design quality. The article presents
bending process simulation results using CAD SieniX.

MOJIEJIUPOBAHUE IIJIACTUUYECKOM JJE@OPMAIIUU JINCTOBOM
3ATOTOBKMU B NIPOLUECCE 'MBKHA C UCITOJIb30OBAHUEM CPEJICTB
ABTOMATU3UPOBAHHOI'O MPOEKTUPOBAHUSA
bypkoe I1.B., Bonocamoea T.M., Knazeeéa C.B.

KuaroueBble cjioBa: MOJCIMPOBAHUC Mpolecca THOKH, Aedopmanus TUCTOBOU 3arOTOBKH, CHCTEMa
ABTOMATH3MPOBAHHOTO MPOEKTHPOBAHNSI.

AnHoOTamusi. B HacTosliee BpeMsi HMHXKCHEPHI HCIOJB3YIOT CPEACTBA ABTOMATH3UPOBAHHOTO
MPOEKTUPOBAHHUS [IsSi MOJICITUPOBAHHS ITPOIIECCOB U CHCTEM. JTO MO3BOJISIET COKPATHTH BPEMEHHBIE
U MaTepualbHBIC 3aTPaThl M MOBBICHTH KA4eCTBO MPOCKTHPOBaHUSA. B cTaThe NpUBEICHBI
Pe3yNIbTaThl MOJAEIMPOBAHMUS Mpoliecca TnOKu ¢ ucrnonb3oBanueM CAIIP Siemens NX.

One of the modern industry requirements is low-e/@sbduction technology
using. So using of various types of material prewgs treatment (OMT) is very
effective in production. OMT is widely used in maageas of industry, such as:
mechanical engineering, aircraft construction, lshilgling, car building, and many
others [1]. Depending on the type of productiontenal, reliability, shape and size
of products, pressure processing is divided iniingy bending, pressing, drawing,
forging, stamping [2].

The main purpose of the work is bending processilsition and sheet metal
deformation model development. It is used in rolinfing production to analyze
static and dynamic processes occurring duringiplasaterial deformation.

Simple model of sheet bending machine is built etiog to the hydraulic
three-roll machine W11.AA25.90x3000 dimensions. Thachine is intended to
bend a sheet up to 3000 mm wide. It is designedbémding metal sheets into
cylindrical, conical and other structures.

Geometric models of rolling sheet and bending meehvhich includes the
presser and support rolls were designed in Mod@&iegiens NX application.

The resulting assembly is a master-model. It desigto support parallel
development in the NX applications. Application alas associated with the
geometry of the master-model i.e. when the mastateais changed all details are
update automatically [3].

For engineering analysis based on the finite elénmethod (FEM) the NX
Advanced Simulation application was used. All aggtiions are represented in NX
integrated uniform environment [4]. Using speciatiztools Modeling application
allows to adapt the CAD geometry design to perfdéimte element analysis. It
includes a wide range of tools for pre-and postessing models and supports
basic solvers for multiphysical calculations [5].
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The main steps of the work to prepare and simulatse-roll sheet bending
machine are the following.

1. Preparing a geometric model of parts and assesnbl

2. Idealized assembly model design.

3. Discrete model design.

4. Material assignment.

5. Setup solution options and execution of thecseteanalysis type.

6. View and analyze results.

During hydraulic three-roll machine model developtnand research three
experiments were performed.

1. Only the upper roll is pressed down relativahe Y-axis and the lower
rolls are rotated clockwise around the X-axis (Aiy. The obtained nonlinear and
plastic deformations are shown in Fig. 2.
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Fig. 2. Nonlinear and plastic deformations for3 s
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2. The upper roll is pressed down relative to thaxis, the lower right roll is
pressed up relative to the Y axis and the lowds rale rotated clockwise around
the X axis. The obtained nonlinear and plastic ae&tions are shown in Fig. 3.

gib1_verh15-ugol : Selution 1 PeaynsTat gib1_verh15-ugol : Solution 1 Peaynsrar
Subcass Nonlinear Implicit, ﬂpmpame»—me 27,3.701 cex Subcase - Nonlinear Implicit, Mpupauwerie 27, 3.701 cex
Mo Misecy THas w15 - Mo anemer N i, Cransp
Ce\-«eme ofonouim Caepxy Cevenne ofonouin : Ceepxy
Muh. : 1.635E-005, Makc. : 6.474E-003, EAnHuubl = Mm/vMm Mun. : 0.000E+000, Makc. : 5.948E-003, EauHuysl = LienbHbii
M - Mo ysnau B it - Mo yanam

I 6.474E-003 I 5.948E-003

5.936E-003 5.452E-003

5.398E-003 4 957E-003

4 461E-003

4.322E-003

3.783E-003

m 3.245E-003 ‘:‘ 2.974E-003

2.707E-003 2 ATBE-003

2.169E-003 1.9683E-003
1.631E-003 1.487E-003
1.093E-003 9.913E-004

5.545E-004 4.957E-004

1.835E-005 0.000E+000

e
¥

S Epuiiet = LiensHeii

Fig. 3. Nonlinear and plastic deformations for3.¥ s

3. It is taken into account for upper roll pressdavn relative to the Y axis
the bottom right of the roll up relative to the Xisrotation of the lower rolls about
the X axis clockwise the left lower pressure rgivard relative to the Y axis and
rotation of the lower rolls about the X-axis counteckwise. In the last experiment
the reverse movement of the sheet part is mod€&ligd 4). The resulting nonlinear
and plastic deformations are shown in Fig. 5.

gib1_verh15-M : Solution 1 Peaynsrar gib_verh15:M : Solution 1 Pesynstar
Subcase - Nonlinear Implicit, Mpupaiierue 53, 6.000 cek Subgase - Nonlinear Implicit, Mpupatuerne 53, 6.000 cex
Tepeneinietme - Mo yanam, Benuuna Bpauerue - Mo yanaw, Beriia
MuH. : 15.00, Mae. : 311.67, EAdrmiss = it MK : 0.000E+000, MaKc. : 2.282E-004, EQuHiMLS = rpanycst
Hecbopmauys : Mepemeuierve - Mo yanam BenuinHa Aecpopmanus : Mepemerienie - Mo yanam Benuinsa
I 311.67 I 2.292E-004
I 266.94 2.101E-004
262.22 1.910E-004

237.50 1.719E-004

1.528E-004

w 1.146E-004

9.549E-005
7.639E-005
i 8917 i 5.730E-005
I 64. I 3.820E-005
Ina?z I19105 05
15.00 4 0.000E+000 f
-9 s
EQuHILb! = MM EAMHULS! = rpaaycsl

Fig. 4. The displacement and rotation at the ndoles= 6
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Fig. 5. Nonlinear and plastlc deformations for@ s

The experiments demonstrated that sheet part bmhawas revealed at
different positions of the right edge of the patative to the lower right roll. If the
edge did not reach the line of intersection of Yi&X plane with the right roll then
"chewing" of the sheet part was observed. Therdfoeepart should be placed with
a certain offset relative to this line (Fig. 6).

Fig. 6. Sheet part location relative to the lowght roll
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