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MULTICRITERION OPTIMIZATION OF PRESS COLUMN
CROSS-SECTION

Purpose. Increase of the competitiveness is the important scientific and practical task in machine building. The
press is the stationary equipment, but reduction of weight of its elements, in particular — columns, reduces manufactur-
ing cost, facilitates transportation and installation, therefore assists in increase of product attraction at market rela-
tions. The purpose is to reduce press column weight without complication of technological process of its manufacturing
and without additional expenses for a concrete one-columned press by means of structure optimization.

Research methods. The mathematical model has been developed on the basis of formula of combined strength of
materials. The pure bending with tension results from operation of one-columned press. Multicriterion optimization has
been carried out by means of computer facilities. Calculation was carried out by means of the program written in lan-
guage Basic.

Results. The press 116330 with box-shaped cross-section has been chosen as a base variant. The optimal
geometrical dimensions have been determined for the offered T-shaped welded cross-section of a column.
Technological process of manufacturing of such column is simplified.

Scientific novelty. The T-shaped welded column cross-section has been offered for the purpose of modernization.
Such cross-section scheme is more perspective and technological. The following 3 criteria have been chosen at mul-
ticriterion optimization carrying out: equal strength with the base variant, the greatest uniformity of distribution of
stress by cross-section, the least area of cross-section. The main geometrical dimensions of cross-section have been
chosen as 4 variable parameters. It was considered, that thickness of metal sheet is discrete and standard.

Practical value. Multicriterion optimization that had been carried out provides reduction of column weight
approximately by 45 % for the modernized variant without increase in dimensions of cross-section. It gives the oppor-
tunity to reduce considerably the column manufacturing cost in comparison with a base variant, and also to facilitate

transportation and installation of the press.

Key words: press, column, cross-section, dimension, optimization, criterion, stress, equal strength.

Introduction

Increase of the competitiveness is the important
scientific and practical task in machine building. The
press is the stationary equipment, but reduction of
weight of its elements, in particular — columns, reduces
manufacturing cost, facilitates transportation and
installation, therefore assists in increase of product
attraction at market relations. The most natural way to
reach it is structure optimization. Optimization of press
column cross-section is rather complicated task just for
the one-columned presses.

Review

Various types of pess column cross-sections are
listed in the book [1]. Cross-section of box-shaped
welded column and T-shaped cross-section of casted
column are mentioned among them. However welded
T-shaped cross-sections are not described. The com-
parative analysis of different cross-sections is absent.
Problems of structure or parameter optimization of
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cross-sections are also not analyzed.

Optimization of hydraulic press flat frames by Finite
Element Method (FEM) is described in methodical rec-
ommendations [2]. But optimization of column cross-
section of the one-columned press is not considered as
well.

Optimization of a cross-section of box-shaped
column of the one-columned press is described in pa-
per [3]. But only thickness of forward wall and thick-
ness of back wall are used as the basic variable para-
metres. Column cross-section shape remains the same.

As a development of paper [3], optimization of
trapezoid column cross-section of the one-columned
press is described in paper [4] and the subsequent au-
thor's thesis abstract [5]. But column cross-section
shape remains constant in this case as well. There are
no comparison with T-shaped cross-section.

More modern researches are even less often de-
voted to optimization of column structure of the one-
columned press.

For example, calculations using both analytical
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method and FEM have been executed for a four-
columned hydraulic press under different loading con-
ditions in paper [6]. But the received results cannot be
applied to the one-columned press.

Optimization of 100 ton one-columned hydraulic
press frame by FEM standard tools is described in arti-
cle [7]. Quantitative change of structure geometrical
parametres as a result of more exact calculations allows
to reduce weight of a design slightly. But FEM stand-
ard tools do not give possibility of qualitative optimiza-
tion of the structure including its shape.

Thus, authors of this paper have not found in the
literature any attempts of multicriterion optimization of
T-shaped welded column cross-section of the one-
columned press. Correspondently, our paper is devoted
to solution of this problem.

Purpose

The purpose is to reduce press column weight
without complication of technological process of its
manufacturing and without additional expenses for a
concrete one-columned press by means of structure
optimization.

Research and its methods

The press I16330 with box-shaped welded column
cross-section [8] has been chosen as a base variant. The
correspondent cross-section for this base variant is
shown in scale at figure 1. Nominal load P=1000 kN
acts in a point 4 at distance 400 mm from the front
wall.

It is clear from the figure 1 analysis, that metal is
uniformly distributed by all walls of a column. On the
other hand, it is follows from the literary review, that
column cross-section optimization of the one-columned
press is usually connected with metal redistribution
between walls.

The way, earlier used in paper [9], has been ap-
plied, which allows to receive qualitatively new struc-
ture by quantitative optimization.

That’s why the T- shaped welded column cross-
section has been offered for the purpose of moderniza-
tion. The correspondent calculation scheme is shown at
figure 2. If the central wall would be divided on two
parallel parts, this calculation scheme would be appli-
cable as well for box-shaped column cross-section, and
for trapezoid cross-section too. Thus, according to the
theory of qualities [10], optimization by this calcula-
tional scheme allows to compare automatically few
cross-sections.

More than that, such T-shaped welded cross-
section scheme is more perspective and technological.

The main geometrical dimensions of cross-section
have been chosen as four variable parameters: cross-
section height H, forward wall width B, back wall
width b, wall thickness /.

It was considered, that thickness of metal sheet is
discrete and standard. That’s why the following thick-
ness combinations listed in table 1 have been used [11].
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Figure 1. Cross-section for the base variant

Table 1 — Thickness combinations
h, mm 0, mm
10 4
12
14
16
18
20

R[N | N

Such approach has allowed to reduce number of
variable parametres to four and to simplify calculations
[12].

Centroidal moment of inertia of a cross-section
increases together with its modulus [13]. Consequently,
rigidity of a structure increases together with its
strength. That's why the following three criteria have
been chosen at multicriterion optimization [14]
carrying out:

- equal strength with the base variant,

- the greatest uniformity of distribution of stress
by cross-section,

- the least area of cross-section.

The pure bending with tension results from opera-
tion of an one-columned press. Hence, tangent stress is
absent, and normal stress in the point 2 at figure 2 (cen-
tre of inertia C of cross-section) would be less than in
the point 1, therefore it would be neglectable. Taking
into account character of distribution of normal stress
by cross-section, in terms of design it means, that first
two criteria would be realized under the following con-
dition: normal stresses in the point 1 ¢; and point 3 a3
at figure 2 have to be approximately equal by modulus
to one another and to the maximum normal stress for a
base variant omax.
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b

Figure 2. Calculation scheme

The mathematical model has been developed on
the basis of formulae of combined strength of materials
[15].

Area F of the cross-section:

F=(B+b)-h+(H-2-h)- 0

(1)

Statical moment S, of the cross-section:
h? h H
S =B-—+b-h-(H-——)+(H-2-h)-6-—
N 2 ( 2) ( ) 5
()

Coordinate of centre of inertia of the cross-
section:

e=S./F 3)

Centroidal moment of inertia /. of the cross-
section:

3 9.3 2
Iw:Bh+5(H 2-h) +B-h- yc_ﬁ N
’ 12 12 2

2 2
+b-h-(H—yc—%j +(H—2~h)-5~[%—ycj +

b-n
+ . 4
D “4)
Normal stresses:
oy=P-(a+y.)-y./1.+P/F, )

0_3:P'(a+yc)'(yc_H)/Ixc+P/F’ (6)

Thus, mathematically criteria of optimisation are
reduced to following conditions:

- 01 have to be less than g,,,, no more than on 3%;

- 03 by modulus have to be less than ¢, no more
than on 3 %;

- area F have to be minimal in comparison with
area Fy of a base variant.

Multicriterion optimization has been carried out
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by means of computer facilities. Calculation was car-
ried out by means of the program written in language
Basic. Results of calculations are listed in table 2.

Table 2 — Results

h, mm H, mm B, mm b, mm F/Fo
10 1854 1328 140 0,491
12 1718 1112 120 0,519
14 1554 970 118 0,544
16 1590 844 98 0,545
18 1546 760 96 0,546
20 1360 698 98 0,591

All these variants satisfy to three criteria of opti-
mization listed above. The variant with wall thickness
h=18 mm has been chosen finally taking into account
one more additional criterion: overall dimensions of the
base and modernized variants have to be approximately
equal.

Results

Thus, the optimal geometrical dimensions have
been determined for the offered T-shaped welded
cross-section of a column. The correspondent column
cross-section for the modernized variant is shown in
scale at figure 3.

It is clear from comparison of figure 1 and figure
3, that overall dimensions of column cross-sections of
base and modernized variants are comparable by value.
Hence, the modernized press can be installed on the
same working space.

Also the modernized variant has equal strength
with the base variant according to problem statement. It
has been confirmed by check design.

4

400

292

1546

Figure 3. Cross-section for the modernized variant
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It is visible at figure 3, that the central wall is too
thin to be divided into two parts. Hence, the T-shaped
column cross-section has advantage in comparison
with trapezoid one.

A back wall serve additionally as a stiffening rib
for the compressed part of a structure.

Discussion

The quantity of welded seams decreases in the
modernized variant in comparison with a base variant.
The quantity of cuts at manufacturing of metal blanks
also decreases in comparison with a base variant. It
provides certain technological advantages.

Column cross-sections of modernized variant
worse works at torsion in comparison with base one.
But torsion loads are neglectable for the press column.

Conclusions

Multicriterion optimization that had been carried
out provides reduction of press column weight
approximately by 45 % for the modernized variant
without increase in dimensions of cross-section.
Technological process of manufacturing of such
column simplifies. It gives the opportunity to reduce
considerably the column manufacturing cost in
comparison with a base variant, and also to facilitate
transportation and installation of the press.

Authors of this paper plan to research influence of
displacement of a load from an axis on results of opti-
mization of press column cross-section in future.
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Mema pobomu. Iliosuwenns KOHKYPEHMOCAPOMOICHICMb € BANCTUBUM HAYKOBUM | NPAKMUYHUM 3A60AHHSM Y
Mawunobyoyeanni. Ilpec € cmayionapnum oOIAOHAHHAM, ajle 3MEHUEeHHS MACU 1020 elleMeHmis, 30Kpema — KOJIOHU,
SHUICYE cobigapmicmsb, noe2uLye mpancnopmy8anHs ma MOHMAd C, MOMY CAPUAE 3POCMANHHIO NPUBAOIUBOCTI 8UPOOY
6 pUHKO8UX ymosax. Memoio pobomu € 3MmeHueHHs. MACU KOJOHU npeca 6e3 YCKIAOHeH s, MEeXHON02iuH020 npoyecy it
8U20MO8IeHHA ma 6e3 000amKo8UX UMPAn.

Memoou Oocnidocentsn. Mamemamuuna mooderv 06yia noby006aHa HA OCHOGI 3ANENHCHOCMEN CKAAOHO20 ONOpY
mamepianig. /s 00HOKOJIOHHO20 Npeca npu HABAHMAICEHHT MAE Micye Yucme 3eUHAHHs 3 po3mseantim. bazamoxpu-
mepianbHy onmumizayito 6yno 30IUCHeHO 3a OONOMO2010 KOMN TomepHux 3acobis. Pospaxynok euxonysascs 3a 0onomo-
2010 npo2pamu, Hanucanoi Ha mMoei Basic.

Ompumani pesynemamu. B axocmi 6azosoeo eapianmy 6yno obpano npec 116330 3 xopobuacmum nonepeyHum
nepepizom. /s 3anpononosanozo T- 06paznozo 36apHo20 nonepeuHozo nepepisy KoaoHu Oyio 6USHAYEHO ONMUMALbHI
2ceomempuyni pos3mipu. Texnonoeiunuil npoyec 6Uc0MOBIEHH MAKOI KOJIOHU CHPOULYEMbCAL.

Hayxoea nosusna. 3 memoio mooepuizayii oyno 3anpononogano T- 0bpasnuil 36apruil nonepeunuil nepepis Koio-
nu. Taka cxema nonepeynozo nepepizy € Oinbli NepCneKMugHow ma mexnonoziunor. Ilpu npogeedenni bazamoxpume-
pianvroi onmumizayii Oynu obpani nacmynni 3 Kpumepii: pigHOMIYHICMb 3 OA306UM 6APIAHMOM, WOHAUDLILUA PIGHO-
MipHicmb po3n00iny HANPYIHCEHb 3a Nepepi3oM, WOHAUMEeHUIA NIoWa NonepeyHo2o nepepisy. B axocmi 4-x eapitiosanux
napamempie 6ynu 00pami 20106HI 2eOMeMPUYHI POZMIPU NONEPedHO20 nepepizy. Bpaxosyeanocs, wo moswunu 1ucmie
€ OUCKpemHUMU Ma CIMAHOAPMHUMU.

Ipakmuuna yinnicme. Ilposedena bazamoxpumepianvha ONMUMI3ayis 0aia MOJNCIUGICMb 3HUSUMU MACY KOIOHU
MOOepHI308aH020 sapianmy npubauszHo Ha 45 % be3 30inbulenns eabapumis nonepeunozo nepepizy. Y nopieHsauHi 3
OasosumM 8apianmom ye 0ac MONCIUBICHb NOMIMHO 3MEHWUMU coDIBapmicmb KOJIOHU MA NOJNe2UUmy MmpaHcnopmy-

B8AHHS I MOHMADIC npeca.

Knrouosi cnoea: npec, konoua, nonepeunuti nepepis, pomip, onmumizayis, Kpumepii, HANPYICeHHs, PIGHOMIY-

HiCMb.
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