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The article is devoted to the optimization of the technological process for the manufacture of aircraft parts by the
tightening method on CNC presses (Computer numerical control). The aim of the work is to create a control program
that provides the manufacturing of the details-sheaths of the required accuracy and quality according to the control
program in an automated mode. The method of creating control programs proposed in the article takes into account the
shortcomings of the S3F software, which is the apparatus for forming control programs for the equipment considered.
The method is based on the choice of the optimal loading scheme, under which the deformation program is created, the
values of the control coordinates of the press are calculated in accordance with the kinematic model of the press and,
as a result, a control program is formed. The mathematical module for creating control programs includes several
computational units using modern CAD/CAM/CAE programs. Calculations, analysis and visualization of the
tightening process were carried out using software-computational complexes MathCAD, ANSYS, T-LEX, NX, etc.
As a result, we obtain a control program that provides more accurate production of the part with a minimum amount
of finishing work. The presented method of calculation of the tightening process makes it possible, on the basis of the
details of the part, to determine the shape of the tightening punch, and also, if necessary, to adjust the existing
tightening punch in order to ensure a more precise manufacturing of the part.
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Paccmompen sonpoc onmumuzayuy mexHoI02U4ECK020 Npoyecca u320mosienus demanell 1emamenbHbix annapamos
Memooom obmsaxcku na npeccax ¢ YI1Y. Llenvio pabomul sagrsiemca cozoanue ynpasiaoueli npospammul, obecneyu-
sarouell uszomosgienue 0emanei-0ouusox mpedyemol MmoyHOCMuY U Kayecmed no ynpasianujell npospamvme 6 agmo-
Mamu3uposanHom pexcume. Ilpednodicennas Memoouxa co30anus ynpasiaouwux npospamm y4umleaem HeooCmamru
npozpammuo2o obecnevenus S3F, xomopoe saénaemcs annapamom @QOpMUposaHus YRPAGIAIOWUX NPOSPAMM Ol
paccmompentozo 0bopydoganus. Memoouka 0CHO8AHA HA BbIOOPe ONMUMATLHOU CXeMbl HASPYHCEHUS], NOO KOMOPYIO
€030aemcs npoepamma 0epopmMuposanus, pacciumvléarOmMcs 3HAYEHUs. YAPAGIAIOWUX KOOPOUHAM nPecca 6 COOmeem-
CmeUl ¢ KUHEMAMU4ecKol MOOeIbio npecca u 8 pesyiomanme Qopmupyemcs ynpagisowas npogpamma. Mamemamuue-
CKUll MOOYIb CO30AHUSA YNPABTAWUX NPOSPAMM BKIIOYAENn HEeCKOAbKO GbIYUCTUMETbHbIX OI0K08 ¢ NpuMeHeHuem
cospemennvix CAD/CAM/CAE-npocpamm. Pacuemul, ananus u euzyaiuzayus npoyecca 0OmsicKu npogoouiucsy ¢ npu-
MeHeHUueM npocpamMmHo-ebiuucaumenvruix komniexcos MathCAD, ANSYS, T-FLEX, NX u op. B pe3ynomame noiyyaemcs
ynpaeasAiowas npozpamma, obecneuugaiowas 6oiee moyHoe U3eomosieHue 0emanu, ¢ MUHUMATbHbIM 00beMOM 0080~
Oooynvix pabom. [Ipedcmasnennas memoouxa paciema npoyecca oOMAXCKU NO380AEM HA OCHO8E OAHHBIX O Oemanu
onpeodenums Qopmy 0OMAHCHO20 NYAHCOHA, A MAKHCe NPU HeOOXOOUMOCIU CKOPPEKTNUPOSA UMEIOWUTICA OOMANCHOU
NYAHCOH ¢ Yeavio obecneyenus bojiee Mo4HO20 U320MOGLEHUs Oemani.

Kniouesvie cnosa: oomsacuoii npecc, IV, ynpasnaowas npoepamma, cxema 0epopmuposanus, ucCmopus Hazpy-
JICeHUSL.
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Introduction. Implementation in production of the
equipment with the computer numerical control (CNC)
is the main objective of scientific and technical progress
in aircraft manufacturing industries. More difficult the
process of implementation and management of automa-
tion systems is being solved in procuring and forming
production [1]. Control of any technological process pro-
ceeds by means of change of parameters and the modes of
processing. Incorrectly selected modes can result in irre-
versible defects (tucks, gaps) and, as a result, spoilage of
details. Therefore, to find the best solution of the task of
manufacturing aircraft details with the lowest expenses
providing the given quality, optimization of technological
processes is necessary. This task is very important, how-
ever a question of optimization of technology is very dif-
ficult both from mathematical and practical point of view.

Problem statement. To manufacture aircraft parts
from sheet procurement by the tightening method at air-
craft factories, the presses of cross (Loire T 600, Loire
FET 1500/6000) and longitudinal (Loire FEL 2x500)
tightening of the French firm ACB are used (fig. 1).

Control of parts of the press can proceed both in man-
ual and in automated (according to the controlling pro-
gram (CP)) mode. The S3F software which allows to cre-
ate control program on the basis of geometry of a detail
and physicomechanical properties of material which it is
made of, is delivered to the enterprises of the aviation
industry together with the equipment.

FEL 2x500

The S3F software is CAM/CAE module which auto-
matically creates control program in the press CNC lan-
guage on the basis of the built-in kinematic model (KM)
of the press. Such method of forming of control program
is automated, rather simple and fast. However details
formed according to the control program on the basis
of the S3F software do not always provide details of the
required quality. The reason of such results is a number
of restrictions of the S3F software:

— irrespective of a detail form only one option of
tightening according to the scheme U-P is applied (a bend
with the subsequent stretching);

— it is difficult to get control program for aircraft parts
having difficult geometry (low technological effective-
ness);

— algorithms of search of initial position of the press
operating parts and their further movement aren’t optimum;

—the deformation model of procurement in use is
simplified and doesn’t allow to predict puckering;

— the program doesn’t help to define necessary defor-
mation (it is set by the user);

— doesn’t allow to correct a trajectory of the operating
parts of the press movement.

Two versions of the solution of a problem of increase
in accuracy of production of the required detail form are
possible:

— creation new control program (correction of a trajec-
tory of procurement movement);

— creation new or correction of the available tightening
punch.

FET 1500

Fig. 1. Tensoning presses

Puc. 1. OOTsKHBIE TPECCH
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As there is no possibility of correction of KM in the
S3F software, development of new KM of the press and
the mathematical module for forming control program
taking into account complexity of geometrical forms of
aircraft parts is required. Such KM will give the complete
idea of interconnection of movement of parts of the press
[2; 3].

The KM in the form of analytical dependences allows
to define a necessary combination of values of move-
ments of controlling parameters of the press which will
provide more accurate trajectory of tightening of sheet
procurement on a punch surface.

Approbation of a trajectory of tightening, distribution
of deformations and tension, identification of dangerous
sites (zones of possible gaps, formations of folds and
puckering) allows the use of CAE software products —
ANSYS, MARK, etc.

The KM, realized geometrically in CAD system,
allows to define by a graphic method a trajectory of the
parts of the press movement on trajectories described by
an evolvent. A graphic method is effective to apply only
to simple forms of details (an ellipse, the cylinder, a circle).
However such search of a trajectory of the movement
does not guarantee exact production even for simple
forms. Therefore it is convenient to use a graphic method

Determination of a detail accuracyﬁ v

3D (a punch and a
detail contour)

as addition to analytical methods and as means of visuali-
zation of a tightening process. To increase accuracy of
production of aircraft parts it is necessary to create control
program by use of various schemes of loading and opti-
mization of process of tightening. In fig. 2 the scheme of
possible ways of realization of process of creating control
programs for tensioning presses with CNC is presented.

In fig. 2 the solid lines show an option of control pro-
gram creation using the S3F software. The dash lines
show an option of creation of control program based on
a combination of analytical calculations and finite and
element modelling. The second option includes several
computing units. The dotted lines show an option of crea-
tion of control program using graphic programs which is
approved by means of finite and element modelling [4].

The analysis of schemes of loading when tightening.
As it was stated above, the program of deforming accord-
ing to the diagram of U-P is used in the S3F software. The
process of B-S is characterized by the fact that a procure-
ment is initially bent on a punch and then in a curved
status is exposed to stretching. The frictional forces be-
tween a procurement and a punch which appear in the
course of stretching reduce the calibrating deformations
and exert the negative impact on the process of forming as
the detail springing increases.

I
A detail/part [#=A detail correction ' [ I :
I ) [ :
Material .
14 I :
| :
A control S3F I (I .
A press CNC [ (CAE/CAM- | .
program .
module) v + | .
A A :
L :1 - — Mathematical module :
» KMs3F I :
% 1 ' ;
| | | KMpress .
Deformation I :
model I I :
I I | - - :
The calculation | | d r;)grarri.o .
module of a | | eformation :
trajectory | —p»| CAE-module :
search l I ; X
| | Calculation of a final form of a | .
. < . .
I procurement (springing) .
I KMcap :
Transfer of a trajectory of tightening . :
under control of a press coordinate v v .
................................................... CAD-module ¢ -

Fig. 2. The diagram of process of creation CP for presses with CNC

Puc. 2. Cxema mponecca co3nanus YII st mpeccos ¢ UITY
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Technological capabilities of tensioning presses with
CNC also allow to realize other schemes: S-B (stretching
with the subsequent bend), S1-B-S2 (preliminary stretch-
ing, the subsequent bend and the additional calibrating
stretching), and also their combinations BS-S (a bend
with stretching and the additional calibrating stretching),
etc. The process S-B is also characterized by the fact that
deformation of stretching uniform on section is originally
created, and then at preservation of constancy of the
stretching force the bend on a punch of the corresponding
curvature is made. Process of S1-B-S2 is a combination of
two types of difficult loading of S-B and B1-S to various
ratio of sizes of preliminary and additional stretching. In
the course of BS-S there is a rounding by a procurement
of a working surface of a punch along with procurement
stretching, at the same time tension during all process
of forming has to increase monotonously in all sections of

HC.

procurement, so that the forming should occur without
unloading. At the same time the angle of coverage of
a punch surface by a procurement increases gradually in
the process of providing abutment beginning from punch
top that promotes reduction of friction forces [5; 6].

In fig. 3 diagrams of deformations and tension for
various schemes of tightening and the corresponding
charts of deforming are shown.

Formulas for determination of resultant tension for
different schemes of loading at the description of a single
deformation curve in the form of linearly-stage function
of a type are given in table:
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Fig. 3. Diagrams of deformations and tension, charts of deforming
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The choice of tightening scheme depends on a detail
form. Also a technologist faces a question of setting
values of initial parameters of tightening process. Therefore
when developing technological process it is necessary
to carry out the analysis of all schemes of deformation
and to choose an optimal variant to manufacture a detail
with the least error [7-10].

Definition of a terminating form of a detail for
various schemes of a loading. The developed mathe-
matical module allows to calculate analytically a termi-
nating form of a detail using various schemes of tighten-
ing. The analysis of results of calculation will allow to
choose the most optimal variant of a detail manufacture.

Input data for calculation is the geometrical amount of
sheet procurement: H — thickness of a sheet and B — sheet
width; ROnar — the external radius of a bend; E, o,, 6,
and 6 — mechanical characteristics of material; €,cr1 — the
relative deformation of preliminary stretching and €pacr2 —
the relative deformation of the calibrating stretching (fig. 4).

For implementation of calculations we break a sheet
section by height into a set of elementary strips: M —
number of elementary strips in 1 mm; N — quantity of
elementary strips by section height; Ah — height of an
elementary strip (a step of splitting section of a sheet).

For each elementary strip we determine yj coordinate,
width by and radius py. We calculate tension o,,; and effort
P, of preliminary stretching. We define the intense-
deformed state (IDS) of a sheet after preliminary stretch-
ing o, we calculate deformations of a bend &, and the
sheet IDS at a bend after stretching €1, and Gy,

Using a bisection method we find the radius of RO and
the position of a neutral layer H0. We calculate the mo-
ment of inertia of JO relating to neutral axis. We define
the IDS of a closing stage of the process of P.

S1-B-S2 — the calibrating stretching after a sheet bend
with stretching — &p1,p2 and o102 We calculate the bend-
ing moment of M, and the calibrating effort of Pj,. We
find change of the layer curvature passing through the
center of gravity Ayct, we determine residual tension G
after unloading and the moment of residual tension relat-
ing to the center of masses Mz,,. We calculate a layer
curvature Y., passing through the center of gravity after
unloading and then we get detail radius after unloading
of Rnar [11].

In fig. 5 the algorithm of definition of a detail form
after tightening is presented.

The algorithm in fig. 5 is the solution of a problem of
definition of terminating position of procurement — detail
form. However, if the detail form the complicated (non-
technological) then to get a detail without deviations,
without completion due to change of the loading scheme
only, is not always possible. In such cases it is possible to
increase accuracy of manufacture of a detail for the ac-
count of a punch correction. Searching for the anticipated
form of a punch is the solution of the inverse task pre-
sented in fig. 5. The unit of the program of calculation of
a punch form correction enters the mathematical module
of searching for optimum parameters of technological
process of tightening [12—15].

Formulas of determination of resultant tension
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End table

Scheme

Calculated formulas
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Fig. 4. The position of procurement in the process of tightening
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Fig. 5. An algorithm of definition of a detail after tightening (beginning)
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Fig. 5. An algorithm of definition of a detail form after tightening
(continuation)
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Fig. 5. An algorithm of definition of a detail form after tightening
(end)
Puc. 5. Anroputm omnpezeneHust GOpPMBI IETANH ITOCIIE O0TSIKKH
(oxoHUaHHE)

Conclusion. The offered method of creating control  of which calculated parameters of process of tightening

programs is universal for tensioning presses of aviation are transformed to values of controlling coordinates of
assignment. The difference are the KM presses by means  a press which are reflected in a control program. Creating
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such control programs allows to make details of high
accuracy in an automated mode and also to exclude or
minimize the amount of finishing work.
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