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Summary. There was studied engineering methods for determining stress intensity factors for complex
symmetrical cross-sectional flank open at the edge of the crack by the action of stretching and bending effort.
Analysis of specific stages crack propagation edge coupled Z-shaped flanks was carried out. Mathematical models
and change depending obtained axial cross-sectional moment of inertia dual Z-like flank and intensity ratios
derived by two methods — through nominal tension in the net — the intersection and in the development of boundary
cracks were built. Analytical analysis proved the stress intensity factor for thin-walled coaxial elements Z-shaped
flank, which perceive tensile strain and pure bending; correction functions which account for changing the
geometry of the cross section in the development of cracks. A generalized correction function coupled, symmetric
Z-flanks similar size 200x87x6 mm, which simplifies the calculation of residual life of structural elements of the
system was obtained.
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Problem setting. The assessment of tensile strength of construction elements at
acceptable stresses or acceptable rates for strength margin results in their excessive weight due
to increased usage of metals. The evaluation of tensile strength of bearing elements due to their
crack resistance is currently considered to be more up-dated. The essence of the method
assumes they determine the cycles’ number before crack origination at certain stress with
further investigation of its propagation in particular material.

Analysis of the latest researches and publications. The issues [1, 2] define the
durability of bearing elements in agricultural machinery under dynamic stresses upon thin-
walled elements with cracks and real operation influence. The definition of stress intensity rate
in some open and closed bends being used to determine the stress margin was presented in [3].

Research objective is to create the mathematical model of under-critical boundary
crack propagation in thin-walled cold-bent flanks of dual symmetric Z-shape cross-cut
intersections between bearing elements as well as to define analytically the correction functions
accounting the alteration of thin-walled flanks geometry at fatigue crack propagation. It will
allow determining of stress intensity rates for dual symmetric Z-shape cross-cut intersections
being under tensile and flexure strains, making graphs of correction functions accounting the
alteration of geometry of dual symmetric Z-shape cross-cut flanks during fatigue crack
propagation along the wall by its approximation as well as obtaining of generalized correction
functions for dual symmetric Z-shape flanks with dimensions of 200x87x6 mm.

Tasks assume analytical determination of correction functions accounting the alteration
of geometry of dual symmetric Z-shape cross-cut intersections under stress propagation, in
particular for the shelf and wall as well as making graphs of correction functions, their
approximation and obtaining of generalized correction functions for dual symmetric Z-shape
flanks with dimensions of 200x87x6 mm.

Research results. The creation of calculation models for stress-strain conditions of
bearing construction elements due to real stress and modified method of minimum of strain
energy potential [4, 5] facilitated identification of dangerous intersections of probable crack
origination.
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Mathematical model of boundary crack propagation at bending of symmetric thin-walled flanks

The open-end cross-cut intersection assumes its boundary to be probable crack origin
where the stress concentrators are located due to available welded joints.
As calculation model to define the stress intensity rate K, we will select the boundary

fatigue crack that propagates in thin-walled dual symmetric Z-shape intersections inside the
central side rail of solid fertilizers dispenser of [TPT-9-type.

The central side rail of solid fertilizers dispenser of ITPT-9-type is made of two Z-shape
cross-cut intersections joint by plates. The scheme of cross-cut intersection of the side rail is
displayed on Fig. 1.

For the selected frame of axes (Fig. 1a) we determine the geometric parameters for no-
defect cross-cut intersection:

2-b-h-t1+h2~t2+a-(h+t21+t23)t3 1)
Z. = ;
Co 4.b-t,+2-h-ty+a-t,

bt} h?-t hY’
I, =2-{ 12ti +b-tl-(zco)2}+2-{ 122 +h-t2-[zCO —Ej }L

3 3 2
+2.{b12tl +b-t1'(h—ZCO)2}+a12t +a-t3-(h+%+t§—2c0] : (2)

Let us accept the fracturing of cross-cut intersection of dual Z-type flanks starts from
the boundary crack in the shelf of a cross-cut intersection (Fig. 1b). The crack propagates along
the shelf towards the wall and the next shelf.

Theoretically the thin-walled flank of Z-shape cross-cut intersection will lose the
bearing capability when the total crack length reaches (Fig. 1b):

L=l +L,+L, 3)

where L, —the length of boundary crack at the first stage of its propagation
(0<L <b; L,=L;=0);
L, —the length of boundary crack at the second stage of its propagation
(0<L,<h; L =b; L,=0);
L, —the length of boundary crack at the third stage of its propagation
(0<L,<b; L =b;L,=h).

To describe the propagation of the boundary crack we will investigate the thin-walled
cross-cut intersection, which consists of two z-shape flanks under the condition the crack
propagates only in one of them (Fig. 1). The investigated flank is stressed only by M yaw
moment against Y axis. At pressure of yaw moment upon the thin-walled flank its horizontal
shelves will be expanded but the vertical wall will be under flexure strain. The stressed

condition in Z-shape cross-cut intersection with the crack can be approximately modeled as
separate plates of the same thickness and width with the boundary crack at the same stress.
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Figure 1. Scheme to determine the geometrical characteristics of thin-walled flank with an edge crack:
a) schematization of two Z-shaped cross sections;
b) schematization of two Z-shaped cross sections with an edge crack;
0-0; — trajectory shift the center of gravity in the development of cracks

The general expressions describing the changes in axis of mass z. and I; centroidal

moment of inertia at cross-cut intersection consisting of two Z-shape flanks during the crack
propagation:

Zc :{(h—LZ)-tZ-hJ;L2 +(b—LS)-tl-h+a-t3-(h+%+tE3j+
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According to the formulae we determine the stress-strain condition of the dual Z-shape
cross-cut intersection on the each stage of crack propagation keeping in mind that the thin-
walled cane operates only in bend direction (there is no rotation of frame of axes).

We will accept that at the first stage of crack propagation L=L,, L, =L; =0, then axis

of mass and centroidal moment of inertia can be defined due to the formulae:
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The normal stresses in cross-cut intersections of the flank can be determined according
to the formulae:
- in non-cracked intersection

oy = ; (8)
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- in cracked intersection

M 'ZC
ol -t

9)
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On the given stage of cross-cut crack propagation the relative parameter is determined

as g = L . Due to (2, 5-9), we get the dependency for stress intensity rate:
b+h+b
K =6 (- WL 7 -(1+01285 - 0,2885 +15252,°); (10)
K =of) iz R, (1)

where F,(g;) —non-dimensional coefficient of geometry alteration for the shelf of thin-walled
flank during crack propagation.
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Let us investigate the second stage of crack propagation inside the mentioned-above
intersection. The geometric parameters are:
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Having applied the dependence for definition of normal stresses in cross-cut intersection
of non-cracked flank (8), cracked cross-cut intersection (9), geometric parameters (13) and (14)
and due to (15) and (16) we will get the dependence for definition of stress intensity rate of

normal fracture K *):

Kl(b) :Grgg?n '(1_52)2\/77’ L, x

x b,zzz ~14-£,+17,33-(5,) —13,08-(s,)’* +14(s, )4]= o’z -L -F(e,), (17)

where F, (g,) — non-dimensional correction coefficient accounting the geometry alteration for
the wall of thin-walled flank during fatigue crack propagation.
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slaty—2-ht, (~1+g,))+2-b-(t, +t,—2-t,-5,) [ +
+24-b-t,-{[h—{2-b-h-t,+1/2-a-t;-(2-h+t, +1;)+
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+{2-b-t1 +a-t3+2-t2-[b+h—(2-b+h)-gz]}2]}. (18)

The correction functions in graphic design for the dual Z-shape thin-walled flank are
shown on Fig. 2.
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Figure 2. Dependence functions between F;(¢;) and defects ¢ for dual
Z-shaped thin-walled flank with dimensions 200%87x6 mm

Having approximated the functions F(g) and F,(g,) (Fig.2), we will get the

correction function of dual symmetric Z-shape cross-cut intersection with dimensions
200x87x6 mm.

F(e)=1192+1,362 - —8,747 - s> — 42,105 - &> +1686,130 - £ —

—9652,620-£° +23140,7-£° — 23508 - & + 4462,25- £ + 5242 86 - £°. (19)

Conclusions. The authors elaborated the mathematical model of boundary crack
propagation during the flexure strain of thin-walled element of dual symmetric Z-shape flank.
There were obtained the dependences for stress intensity rate and correction functions that can
be applied to determine the stress-strain conditions for metallic bearing elements of dual
symmetric Z-shape intersections at each stage of crack propagation during flexure strain. The
obtained dependences can help to define the stress margin of frame construction and suggest
the ways to upgrade it.
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MATEMATHUYHA MOJEJIb PO3BUTKY KPAWOBOI TPINIUHUA ITPU
3I'MHI CUMETPUYHUX TOHKOCTIHHUX ITPOPILJIIB

Tapac Jooyw; Hagis Xomuk; Anarouii {losoym; Harauia PyOineuns

TepHoninbcokuul HAYiOHATLHUU MeXHIYHUU YHigepcumem imeni leana [lynros,
Tepuonins, Ykpaina

Pe3ztome. Pozensinymo indicenepHi memoou 8usHa4enHs Koe@iyicnmie iHmeHCUBHOCHI HaANpyicets OJis
CKIAOHUX CUMEMPUYHUX NONEPe HUX Nepemunie GIOKpUmo2o npopino npu po3sumky Kpamuosoi mpiwunu 3a Oii
3ycuns pozmazy ma 32uny. Ilpoeedeno amaniz xapaxmepuux emanie po3no8ClOONCeHHs Kpauogoi mpiujunu
cnapenux Z-nodibnux npoginis. [1o6yooeano mamemamuyni MoOeni ma OMPUMAHO 3AeHCHOCE 3MIHU 0CbOBO2O
MoMeHmy iHepyii nonepeyHoeo nepemumny cnapenoeo Z-nodionoco npo@ino, eugedeno KoegiyicHmu
[HMEHCUBHOCMI HANPYICEHb 3a 080MA MEeMOOAMU — Yepe3 HOMIHANbHI HANPYJICEeHHs 6 Hemmo-nepemuti ma 6
npoyeci po3sumky Kpauoeoi mpiwunu. Anarimuyno eueeden: Koepiyicnmu iHMeHCUBHOCMI HANPYICeHsb OJis
eneMeHmi6 MOHKOCMIHHO20 CRapero20 Z-nodibHo2o npoghinio, axi cnpulimaioms degopmayii po3msey i Yucmozo
32UHY;, NONPAOYHi (DYHKYIL, AKI 6PAX0GYIOMb 3MIHY 2eoMempii NONEPeyHO20 NEPpemuHny 6 Npoyeci po3euUmKy
mpiwuny. Ompumano y3aeanbHIO4y NONPAGOUHY (DYHKYIIO CNApeHux Ccumempudnux Z-nooionux npoqbuzze
posmipamu 200x87x6 MM, siKa cRPouye po3PAXYHOK 3ANUUKOB020 PECypCy pobOmu eleMeHmi8 KOHCMPYKMUGHOT
cucmemu.

Knrouosi cnosa: xoeghiyicnm iHmeHcugHOCII HANPYICEHb, NORPABOUHA DYHKYIS, O0BHCUHA MPIWUHUL.
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