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Abstract. The task of assessing the durability of the elements of the boom section of the clamp-forming
machine, made from a 45x45x5 mm angle is considered. This object is modeled by a plate with a crack.
Analytical relations are given and the stress intensity coefficients and their rate of change near potentially
possible crack-like defects are investigated. The criterion crack lengths are determined based on the results of
experimental studies.
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Reliable and safe operation of various equipment is anurgent problem. Planned operation resource
of the equipment is exhausted and in recent years there appear more more and more damages of
various nature. As it is known, the design of structural elements for their functioning in the present
conditions of operation loads is performed on the basic of continuum mechanics approach. However,
each structural element always possesses certain imperfections. Formed both at the stage of it’s
manufacture and at the stage of further functioning. In this connection, to provide reliable and trouble-
free operation of the equipment, quantitative approaches to assessment of the degree of the danger at
the detected crack like defects are necessary. [1]

Also, methods of express-analysis are needed, these methods, proceeding from the data of non-
destructive control or information, regarding the state of the studies surface of the material, will be
able to evaluate the particular defects and residual resource of structural element or structure in
general. [1]

In [1] the analysis aimed at determination of corrosion-cyclic crack resistance of profile steel (steel
3) of 45x45x5 mm angle of operated clamp-forming machine BYM-65M2B3-K type frame has been
carried out. However, the results of the research do not give a clear answer regarding further
evaluation or durability of this construction element. For such assessment the given paper contains
analytical relations for stress intensity factor (SIF) K; and their change rate dKi/da near a size crack tip
in the plate used for modeling of the investigation clamp-forming machine (fig. 1). Along with this, on
the basis of experimental research, presented in [2] critical values of crack depth were determined with
quarterelliptical corner crack.

K. =K, (¢ =m/2); where K,is function of a.

It should noted that the crack is set by various
ellipse like figures, by changing the relation of ellipse
axes of crack like defect of different geometry.

In the research corresponding dimensions less
F"E"* dependences for the considered cases form and

location on the basis of the given analytical relations

Fig. 1. Quarterelliptical corner crack: \/_
- ; C —itswi t dK a .
a — length of the crack; C — its width vt - L F(?j’ where t — size of
o da

structural element in the direction of crack propagation; ¢ — applied load,.

That is why, in further study of the result of research, we will introduce variable parameter (a/t)”
that characterizes the effective size of the defect.

It should be noted that characteristic feature of this dependences is that certain value of the
parameter (a/t)”, is always observed on them, starting from this value sharp increase of stress intensity
coefficient K, change rate takes place. This value(a/t)” was considered as characteristic one for
assessment of the strength and reliability of structural elements with crack like defects.

a

and constructed:



For determination of the characteristic values of the crack length in the studies of structural
elements experimental base and analytical relation, described by Paris power dependence, was used
dc

N C(AK)", where C and n — constant characterizing system "material-environment" (table 1).

Table 1. Constants of "material - environment" and the criterion values of SIF

System "material-environment" gonstants ofsystem mater||alr-]enV|ronment AK,, AK .
Exploited

AirR=0.1 2.50E-13 3.87 4.703 28.026
AirR=0.6 1.28E-11 2.76 2.106 25.729
Corrosion R=0.6 1.42E-10 1.88 0.83 32.714
AirR=0.75 1.99E-13 4.85 3.605 14.979
Corrosion R =0.75 4.71E-11 3.14 1.271 11.47

Values AKw and AKy given in the Table 1 were the base for determination of the characteristic
values an and as correspondingly. Along with these values obtained on the base of experimental data
processing, values of a* were calculated using the technique [8] that corresponds to characteristics
value (a/t)". Also, its should be noted that in the investigated angle of clamp-forming machine frame
45x45x5 mm it was taken into consideration is the parameter of 5 mm angle, all further calculations
are given for this case, when the crack propagates perpendicularly to the main axis of this parameter.

Assessments of the durability of the investigated element of the construction with potentially
possible crack like defects of various forms and geometry is performed on the base of the relations:

d T od
Nfcsz—a and N*:IWT(.)

ath
structural elements; N=, is calculated during this period crack like defects achieves characteristic size
a- starting from which the rate of SIF K, change rapidly increase.

mm are given in Table 2.

, where Niz — number of load cycles prior to destruction of

Table 2. Data for calculating of the durability of clamp-forming machineframe angle

System "material - a, a* Ay N* N

environment” mm MM loadcycles loadcycles
AirR=0.1 0.33 2.9 2.55968E+9 2.58262E+9
w | AirR=06 0.06 2.76 1.32074E+9 1.33582E+9

E g Corrosion R =0.6 0.01 2.18112 3.14 6.31235E+8 6.5642E+8
g1 |AIrR=075 0.2 1.87 1.2519E+9 1.25295E+9
= 8 | Corrosion R=0.75 0.02 1.42 4.53023E+8 4.53771E+8
AirR=0.1 0.44 4.79 3.16376E+9 3.40914E+9
w | ArR=06 0.08 4.44 1.6599E+9 1.75638E+9
= g- Corrosion R = 0.6 0.01 1.89196 4.99 8.17629E+8 9.16876E+8
§ I | AirR=0.75 0.26 2.66 1.64067E+9 1.66308E+9
S &8 | Corrosion R=0.75 0.03 1.95 5.36172E+8 5.44873E+8

From the results, obtained in the table, its seen that corrosion environment greaten influences the
durability of the investigated structural element.

On the basis of experimental research criterial value of SIF for the steel 3, used for manufacturing
of clamp-forming machine frame angle 45x45x5 mm is determined. Applying analytical relations for
SIF characteristics value of crack like defects length, that may take place in the considered frame
construction are calculated. Engineering calculations for assessment of the given object durability are
suggested and presented with modelled crack like defects on the base of load cycles number.

REFERENCES
1. Polishchuk, L. Life time assessment of clamp-forming machine boom durability [Text] / L. Polishchuk, O. Bilyy, Y.
Kharchenko // Diagnostyka. —2015. — Vol. 16, Issue 4. — P. 71-76.
2. Dmytrakh, 1. M. Fracture Mechanics and strength of materials Reference manual. Vol. 13: Workability of materials and

structural elements with sharp-tipped stress concenraators. / 1. M. Dmytrakh, L. Tot, O. L. Bilyi; V. V. Panasiuk (Ed.). —
Spolom Publ., 2012. — 316 p.

Bilyy Orest, PhD. Techn. Sc., Research Professor., Centre for Corrosion Research of Autonomous
University of Campeche, Campeche, Mexico, e-mail: orebilyy@uacam.mx.

Polishchuk Leonid, Doctor of Technology, Professor, Head of Department of Industrial Engineering of
Vinnytsia National Technical University, Vinnytsia, Ukraine, e-mail: leo.polishuk@gmail.com.

Luis Roman Dzib-Perez, PhD. Chem. Sc., Research Professor., Centre for Corrosion Research of
Autonomous University of Campeche, Campeche, Mexico, e-mail: luirdzib@uacam.mx.



mailto:orebilyy@uacam.mx
mailto:leo.polishuk@gmail.com
mailto:luirdzib@uacam.mx

AHAJII3 JEAKUX NIOKOJIXEHDb CTPIUIM BYPTOYKJIAJJHUKA

AHoTanisg. Pozenanymo 3a0auy OYiHKU MIYHOCMI elleMeHmis Cmpiiu O0YpmoOyKIAOHUKA, 6USOMOGIEHUX 3
kymuuka 45x45x5 mm. Leu 06exm moodento6ascs 3a 00nomozorw niacmunu 3 mpinyuror. Hasedeno ananimuuni
CRIGBIOHOUICHHS. MA 00CHIONCEHO KOeqiyieHmu IHMEeHCUBHOCMI HANPYICeHb MA WEUOKICIb IX 3MIHU NOOAU3Y
NOMEHYIUHO MONCIUBUX MPIUUHONOOIOHUX Oepexmis. 3a pe3yibmamamu eKCnepuMeHmAanbHux 00CNi0NCeHb
BUSHAYEHO KPUMEPIATbHI O08HCUHU MPIUJUH.
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