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Abstract: Considering the long useful life duration of theegses, the reduction of their energetic
consumption during exploitation turns into an esggngoal. An important path for attaining this
objective is raising the rigidity of the press, aliniequals the consumed energy for the elastic oheftion

of the machine. The paper herein submits such aswéwtion of C-frame, achieved through casting and
being pre-tensioned. The C-frame of the Romaniamicpress PAI 25 was taken as reference, whose
general geometrical features were not modified. &loty the reference C-frame and the new constvacti
solution was accomplished within the design envirent ProEngineering WildFire 4. Both models were
subjected to the analysis with finite element, risg to Catia V5 R16, for determining their stressd
strain state. The new constructive solution, adégua pre-tensioning the front pillars of the mauhi
frame resulted from minimally modifying the referertonstructive solution. The front pillars wereywe
little modified in order to be tensioned througghiening with tension-rods. For the study of thaist
and deformation state, impelling and straining wattternal forces were stipulated in full accordwihe
real caseThe study was achieved for three values of thesppegn generated by every tension-rod.

The paper herein submits a few results obtainel mispect to raising the rigidity of the machinanfre
and to reducing the tension state within its batlypugh pre-tensioning its front pillars. The comga
analysis of the results clearly enhances the sopégyiof the new solution.

Key words: rigidity, pre-tensioned C-frame, mechanical prdsSA, stress state, strain state.

1. INTRODUCTION 2. STUDY DIRECTIONS

Human society’s sustainable development calls, Variegated types and constructive solutions exist f
among other things, both for preserving resourceisfar ~ the frames of the crank mechanical presses. THeout
efficiently using them. There is primarily aimed at of the paper herein considered as reference catistu
reducing material and energetic waste. solution, the frame of the crank mechanical pre&Sis2B,

Crank mechanical presses are machine-toolsa relatively frequent press in Romania, of highligya
commonly used in industry. Energy consumption inwith very good results in exploitation.
exploiting presses also appears as a consequertbe of The rise in the stiffness of the machine frame is
elastic deformation in the resistance structure,usually obtained following an increased consumptibn
consequently depending on the stiffness of the mach material [2]. At least three alternative actionediions
frame [1]. Furthermore, the durability of the toalsd the  have been further identified:
quality of the processing are significantly infleed by  « ribbing of the side walls of the machine frame;

the rigidity of the machine frame.  pre-tensioning of the machine frame;

Given the useful life of mechanical presses,. significantly reducing the distance between the
researches targeting the frame optimization aréy ful  working surface of the table and the axis of theebo
justified. They are pre-eminently envisaged to éase hole of the main shatft.
stiffness and to reduce stress; and likewise tomiie The paper herein submits a few results obtainetl wit
overall costs — of both production and exploitation respect to raising the rigidity of the machine feaamd to

Increasing frame stiffness directly causes a deerea reducing the tension state within its body, throymgé-
of press energy consumption, while diminishing thetensjoning its front pillars.

state of stress yields an increase in press quality

service life.
3. INFORMATIONS
A model 3D of the press PAI 25 was elaborated
‘CoirreSponding author: 500036 Bea, 29 Eroilor av. rigorously observing the real model, Fig. 1. Tosthi
lg');; gégi?;ﬂg' purpose, the ProEngineer Wildfire 4 environment was
E-mail addressegoan79@yahoo.corfi. Dan), resorted to [3]. In order to enhance, in Vvirtual

cioarar@unitbv.ro(R. Cioa), environment, the strain and deformation statéhef 3D
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Fig. 2. Discretized model of a PAI 25 press frame [5].

-frame of the press PAI 25.

Fig. 1. 3D model of the C

this one was renderedtipulated, Fig. 3b, in full accord with the reake.

model of the machine frame

In a first stage of the analysis, the strain and

discreet with tetra-hedron-type elements [4], Rig.

The new constructive solution, adequate to pre-deformation state of the machine frame was studiely,

tensioning the front pillars of the machine frarfigure

the pre-strain given by tension-rods.

considering

3a, resulted from minimally modifying the reference Relevant images in this respect may be found in&ig

constructive solution. The front pillars were vditfle

The study was achieved for three values of the pre-
strain generated by every tension-réek = 50; 62.5;

100 kN.

modified in order to be tensioned through tightgnivith
tension-rods. A bore hole was provided for eveliapi

In the second stage, the strain and deformatice sta

was studied for the new solution of the machinen&ra
without considering the pre-tensioning through imms

and the support bases were ensured for the scrésw nu
that achieve the strain of the tension-rods, wieelds to

the pre-tensioning of the pillars.

For the study of the strain and deformation staterods, but only the strain given by the maximallyréttied

Fn = 250 kN.

technological force, the nominal orig:

impelling and straining with external rdes were

Fig. 3. 3D model of the C frame of the press PAI 25:
a — variant with pre-tensioned pillars;- forces load and constraints.
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Fig. 4. Deformation and tension state in the pre-tensidreade, only given by the pre-tensioning force.

Finally, in the third stage of the study, the tensand  to diminishing the energy consumption during the
deformation state of the machine frame was analyzedmechanical-press exploitation, consequently to cidu
considering the real strain of the machine frameden  the elastic deformation of the machine frame.
operating conditions of the mechanical press, incwh  consequently, there were pre-eminently recordedatfo
situation the machine frame is solicited both by fe-  qy,gieq cases, the elastic yield of the machinedran
tensioning force given by the tensmn-ro_ds, andtlhmy . the direction of the pressing axis, identical witie
maximal technological force. Relevant images irs thi vertical which intersects the axis of the bore haofidhe

respect may be found in Fig. 5. ) ,
The study of the strain and deformation state wad"&n shaft, drawn through the median plan of the
done by resorting to CATIA V5R16 [6]. machine frame. Relevant values of the yield ofrtfaehine

The conducted research has been primarily orientedfame are also grasped in Table 1, and a suggestyh is
towards finding constructive solutions, which shibidad ~ offered for some of them, in Fig. 6.

Fig. 5. Deformation and tension state in the pre-tensidraede, also solicited by the maximally admittechteological force.
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Table 1
Values of theyield on the direction of the pressing axis, for the pre-strained frame, with rib-deprived walls
Level of pre-strain Yield on thedirection of the pressing axis[mm]
[KN] only Fy only F; Fp & Fy
Fp =50 8, =0.0120185 6 = 0.0663775
Fp=62.5 3, =0.01502825 8 = 0.078505 8 = 0.0654575
Fp =100 8, = 0.0240085 8 = 0.0558075

images of the deformation and tension states opthe
tensioned and wall-ribbed machine frame, with 10°
backwards tilted ribs, are shown in Fig. 7.

0.09 - For the variants of pre-strained and wall-ribbed

Displacement between shaft and frame table
of pretensioned C-frame

008 | 00763225 machine frame, with 10°, backwards and frontwdtddi
0.07 | 0.0663775  0.0654575 ribs, relevant values for the yield of the frame given
E 006 ] ] 0.0558075 in Tables 2 and 3, and in Figs. 8, a and b, thevelaown
= 005 | suggestive graphical representations for someeshth
g The frame frontal columns being constantly subject
g 004 compression through the tie-bars, the decreaseeqfre-
2 0037 compressed frame elastic deformation is signifiyant
0.02 reduced compared to the corresponding elastic
0.01 4 deformation of the frame used as reference.
0 ‘ ‘ ‘ ‘ Lateral wall ribbing [5, 10, and 11] also contribsito
BO B50 B62.5 B100

increasing frame stiffness, however to a lesseregteg
than frontal column pre-compression by means of tie
bars. Other lateral wall ribbing schemes [7], li®@ss-
ribbing, tilted or not (Fig. 9) are likely to yielsimilar
results in pre-compressed frames.

In regard to quality, more important than the restlic
The first enunciated study direction, raising the elastic deformation is the qualitative improvemaerit

stiffness of the machine frame through the ribbofdts stgte _Of stress distribqtion in .the pre-f:pmpres‘same
side walls, had previously constituted the objecam W|th.r|bbed walls, partlcu[arly in the critical @& Thus
extended study, whose positive results were party@ximum stress value is reduced by nearly half, as
rendered public [9]. Within the study herein, focused highlighted by simple comparison of the state afs in

on a pre-tensioned machine frame, it has been diaemé.he pre-compressed frame, Fig. 5, with that ofrtiezely

opportune and necessary to see whether and to whélpbed one, Fig. 10.
extent the combination of the two solutions briag®ut
the accumulation of their effects.

As the provision of the ribs with 10° tilt, regazrdé
whether they are towards the back of the machimedr
or towards its front, yielded the best results,sthe
variants were combined with the constructive soluif
machine frame with pre-tensioned front pillars. Baene
three values of the pre-tensioning force were kagtin
the case of the rib-deprived machine frame andwlige,
the same maximal level of the value of the techgickl
force. The results are identical to a great exteatevant

Configurations

Fig. 6. The total yield of the pre-strained rib-depriveanfie,
depending on the various pre-tensioning values.

4. DISCUSSION

Through the pre-tensioning of the front pillars, an
alternation of the strain in their area is ensured:
compression when the machine does not develop
technological force and stretch when the techno#dgi
force exceeds a certain value. It is preferable tfe
adopted pre-tensioning force to determine equalegabr
as close as possible to the maximal compressionlzavd
out strains that appear in the front pillars.

Table 2
Values of theyield on the direction of the pressing axis, for the pre-strained frame, with leftwardsribbed walls
Level of pre-strain Yield on thedirection of the pressing axis[mm]
[KN] only Fy only F, Fp & Fy
Fr =50 8p = 0.01206725 8 =0.065725
Fp =625 3, =0.015177 3 =0.0794175 5 = 0.063795
Fp =100 3, = 0.02476825 5 =0.055115
Table 3
Values of theyield on the direction of the pressing axis, for the pre-strained frame, with rightwardsribbed walls
Level of pre-strain Yield on thedirection of the pressing axis[mm]
[KN] only Fy only F, Fp& Fy
Fp =50 3, =0.0119945 5 =0.06675
Fr=62.5 8, = 0.01497925 8 =0.07865 8 =0.063875
Fp =100 8, = 0.023929 8 = 0.05525
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Fig. 7. Deformation and tension state in the pre-tensidrade, with ribbed to the right,
also solicited by the maximally admitted technotadjiforce.

Displacement between shaft and frame table Displacement between shaft and frame table
of pretensioned C-frame with 10DEG_L of pretensioned C-frame with 10DEG_R
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Fig. 8. The total yield of the pre-strained frame, depegdin the various pre-tensioning values:
a - rib-walled frame at 10° to the lefi;- rib-walled frame at 10° to the right

In order to ensure the pre-tensioning of the frontthe pre-strain, is significantly lower than thelgief the
pillars of the machine frame, a bore hole is pcatti reference machine frame. It should be however strks
within them, which obviously leads to a slight retion that the values submitted in Tables 1, 2 and et
of their resistance, of 2 + 3 %. Mounting and tensig the magnitude in relation to an origin which cop@sds
the pre-strain tension-rods subsequently changes thto an initial state, of non-strain, of the machirame.
state of facts. For the correct evaluation of the rigidity of theep

It apears that ribbing the side walls in the maehin strained machine frame, its state subsequent t@ite
frame with pre-strained front pillars unexpectetigds  tensioning of the front pillars must be “frozenhet new
to a slight diminution in rigidity. This result s®mewhat position of zero must be identified and the yiele do the
surprising considering that ribbing the side walteved  strain with the technological force must be detesdiin
to be a solution with positive effects in relatimmthe  relation to the former. This value truly charactes both
reference constructive solution [5]. the rigidity of the pre-strained machine frame atxd

The total yield of the pre-strained machine frame exploitation energy consumption. The studies will
simultaneously charged with the pre-straining aittl e~ continue in this respect and will be completed by
technological force, observes the principle of $hken of  analytical models for calculating the elastic defation
effects. The overall resultant yield, linearly degent on  of this constructive solution of machine frame.
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Fig. 9. C-frame with cross-ribbed lateral walls.

Through pre-straining the front pillars of the miaeh
frame, the general tension state which manifestgsin
body is considerably improved in relation to the
reference constructive solution. This is an impurgain
in quality, with obvious effects, which manifesteea is
the rise in stiffness is minor.

(5]

5. CONCLUSIONS

The energy consumption in exploiting presses also
appears as a consequence of the frequent elast'[%]
deformation of the resistance structure; it coneatiy
depends on the rigidity of the machine frame. [7]

The rise in the stiffness of the machine frame is
usually obtained following an increased consumptibn
material. A possible alternative solution is raigithe
rigidity of the machine frame and reducing the tems
state which manifests in its body through pre-temisig
its front pillars.

The total resultant yield, measured as magnitude in
relation to an origin that corresponds to an ihitate, of
non-strain of the machine frame, is significantbyveér
than the yield of the reference machine frame anehily
dependent on the pre-strain.

Through pre-straining the front pillars of the miaeh
frame, the overall tension state manifested irbitdy is
considerably improved in relation to the reference
constructive solution.

(8]

(9]
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Fig. 10. State of maximum stress in a non-precompressed
C-frame with tilted-ribbed lateral walls.
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