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Summary. We consider engineering methods for determining stress intensity factors for defective items
open structure bending. Characteristic under development boundary cracks Z-shaped profile. The mathematical
model and removed depending to calculate stress intensity factors for the two methods by nominal stress in the net
section and by changing the axial cross-sectional moment of inertia Z-shaped profile. Investigated subcritical
crack growth boundary, defined stress singularity in the vicinity of fatigue crack — stress intensity factors of the
first kind, including models V.V. Panasyuk for pure tensile and bend. Analytical determined correction functions
which account for changing the geometry of thin-walled structures with widespread fatigue crack on which the
recorded intensity ratios for thin-walled profile elements who perceive tensile strain and pure bending. Graphs
correction functions, having their approximation obtained generalized correction function Z-shaped profile
200x87x6 mm dimensions, which simplifies the calculation of residual life of structural elements of the system.
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Problem setting. One of the most dangerous factors that lead to failures of hardware in
agricultural production is the destruction of farm machinery basic load-bearing components
during the operational processes due to loss of strength caused by formation and development
of cracks under the complex influence of operational factors.

Increasing requirements for metal intensity and reliability of agricultural machinery
structural systems are associated with providing strength and durability of their units and
aggregates. The need for shortening the new technology design terms and the high cost of
experimental research increase the value of experiment-calculated methods of structures
durability assessment. Therefore, the development and justification of such methods is a
complex task that requires in-depth analysis of calculation theory issues on strength of
machinery load-bearing systems, as well as study and substantiation of new simulation models
of crack development and load distribution in load-bearing systems, which altogether is an
important scientific and technical task. Today the possibilities of agricultural machinery load-
bearing components operating life assessment methods are not fully used. This work is aimed
at the creation of a mathematical model of kinetics of edge cracks in thin structural elements of
machinery under cyclic loading.
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Mathematical model of edge crack development at bending thin-walled z-shaped profile

Analysis of recent research and publications. Development of analytical dependence
for determining the operational life of load-bearing units of agricultural machines at dynamic
loading of thin-walled elements with cracks and actual performance impacts are shown in [1,
2]. The work [3] shows analytical study to determine the stress intensity factor of some open
and closed thin sections which are used to determine the remaining operational life of the
system structural elements.

Research objectives are to:

- create a mathematical model of subcritical growth of boundary crack in thin-walled
cold-formed profiles of elements of Z-shaped cross sections of load-bearing metal machinery
structures;

- analytically determine the correction functions which take into account changing of
thin-walled structures geometry caused by the expansion of fatigue crack, and on this base find
the intensity factor for Z-shaped cross sections that receive tensile strain and pure bending
strain;

- build correction function graphs which take into account changing of thin Z-shaped
profiles geometry caused by fatigue crack expansion to flange and wall, do their approximation
and obtain the generalized correction function of 200x87x6 mm Z-shaped profile.

Task setting. Analytically determine the correction functions which take into account
changing of the geometry of Z-shaped cross-section in crack development process, namely for
flanges and walls. Build graphs of correction functions, approximate them and get generalized
correction function for 200x87x6 mm Z-shaped profile.

Research results. Upon building computer simulation models of stress-strain state of
load-bearing structural systems taking into account actual loading and using a modified method
of minimum potential energy deformation [4, 5], we identified dangerous intersections of likely
origin of cracks.

In open cross sections the area of probable beginning of the crack is the edge of the
intersection, where the stress concentrators caused by welded seams are located.

For a simulation model to determine the stress intensity factor K, let us select an edge
fatigue crack that develops in a thin-walled Z-shaped intersection of spreader spar frame.

To describe the growth of an edge crack consider a thin-walled Z-shaped profile (Fig. 1)
loaded with bending moment M as to the axis Y.
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Figure 1. Diagram to determine the geometrical characteristics of thin-walled profile with an edge crack:
a) schematization Z-shaped cross-section; 6) schematization Z-shaped cross section with an edge crack,
0-0: — trajectory shift the center of gravity in the development of cracks;

B) distribution of stresses in the defect-free cross-section

B ISSN 1727-7108. Scientific Journal of the TNTU, No 1 (85), 2017



Taras Dovbush, Mukola Stashkiv, Nadiya Khomyk, Natalia Rubinets

The influence of bending moment on the thin-walled profile will cause its horizontal
flanges to stretch and the vertical ones to bend. We can simulate with certain approximation
stressed state that occurs in the walls of a rectangular profile with a crack if we consider each
wall as a separate plate of the same thickness and width with a side crack at similar power load.

Solutions to problems of determining the stress intensity factor at the top of opening
mode fatigue crack can be similar to the dependences obtained in [6]:

- stretching
KV =6l .(1-eWL -7 x[1+01285 —0,2882% +1,525¢°|; 1)
- bend
K® =60 (- eVl 7 x[1122-14¢ +7,336° —13,08° +14&*], @)

where ¢ — crack length / flange width ratio, ¢ = %;

o and ¢®) —nominal stretching and bending strains respectively, MPa.
Tension ¢V and o® must be selected so that they fully meet the real picture of the

distribution of stresses in a section of flanges with crack. This task is to determine the stress-
strain state in cross section with a crack under the influence of bending moment M.

Theoretically, thin-walled profile of Z-shaped cross-section collapses when the total
length of the crack reaches the size (see. Fig. 1)

L=L+L,+L, 3)

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

Common expressions that describe the change of coordinates of the center of mass z,
and axial cross-sectional moment of inertia I, at the crack spreading are determined by the
formula [3] (see. Fig. 1):
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Axial moment of inertia of a zero-defect Z-shaped cross-section
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3 2 3 3 2
|Y:b b +b.t1.[h] +u+b b +b't1'(hj' (6)
12 2 12 12 2

Determine the stress-strain state of intersection at each stage of crack development
considering that a thin-walled rod (Fig. 1a) accepts pure bending (rotation of axes does not
occur).

The first stage of the crack. Geometric characteristics of cross-section at L =L,

L,=L,=0:

2
ho(b—L)t+ "t

b = b~tl+(b—L)-tl+h-t2;

(7)

b't13 1 3
= +—((b-L)t+
Yi 12 12( ) 1
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b-t+b-L)t+h-t,F  *[2 b-ty+(b-L)t+h-t,

h®-t,

+

ht, |
h(b—L)-t, + 22

+

(8)
2 .2 2
he(b—L)-t,+ "t

bt +(b-L)t +h-t,

+(b-L)-t-|h

Nominal strains in a profile flange are determined from the equation [3]

Gﬁfﬁn - M(h—_z%) 9)

I Yll
Substituting (7) and (8) to (9) we obtain
2
he(b—L)t, + "
bty +(b—L)t, +h-t,

M| h

(t)

nom

oty
b-t,-]h-(b-L)t, +
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b'—t1+i(b—L)~tf'+h by, 2

12 12 12 (b-t,+(b-L)t,+h-t,)
2 (10)
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For a defect-free profile maximum coordinates of the center of mass z. =h/2, then
M e oo b then L £(2b+h). Substituting obtained dependences and
I, 2 2b+h

expression (10) in the stress intensity factor equation (1) we obtain the stress intensity factor
expression in the case of a crack development in a Z-shaped thin-walled profile flange.

O

KO _M h

ST, 7-L - F(e), (11)

Y

where F (&) —dimensionless correction factor for the change in the geometry of the thin-walled
profile flange at the propagation of a fatigue crack in it.

F(e)={h-(12,2-0° +18,3-b? -h+915-b-h? +1,525 - h®)x
x(2:b-t,+h-t,)-(6-b-h?-t, +2-b-t2 + h®-1?)- (0,78 + £)x
x[h+b-(2-2-£)-1-h-£]-(0,84-097 - £ + £ )} +

+{(2-b+h)4~(h+t1)~{b2-tf-[hz~[12—24~g]+4-t12-(—1+5)2}+
+h2-{h2 -tz-('[2—4-t1~8)+t13~8-[—1~t2+tl-8j:|+ (12)
+b-h-t1-{h2-{tz-(8—8-5)—12-t1-5}+

The second stage of the crack. Geometric characteristics of Z-shaped cross section at

L=b+L,, L,=0:

— (b+h_|—)2’t2 .
e T o bt+b+h-L) 4] (13)
h?.t2)°
b-t-[h-(b-L)-t +
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+h-t,.| —— 2 + 14
2 b-t+(b—L)-t,+h-t, (14)
2 2
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bt +(b—L)t,+h-t,
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Nominal stresses in the wall of a thin-walled Z-shaped profile are determined from the
equation [3]

M-(h-L,-z )
(b) _ 2 Cs
nom — I ' (15)

Yai

O,

Substituting (13) and (14) to (15) we obtain

O_(b) :M- h—L— (b+h_|_)2-t2 -
rom > 2.(b-t,+(b+h-L)-t,)
bt 1

h2.t2)’
ot b~t1-(h-(b—L)-tl+ > ]
+—((b-L)t+—2

12 12 12 (b-t,+(b-L)t,+h-t,)

+

h’t
ho hb-L)t+ 22

212 bt+(b-L)t+h-t,

(16)

+h-t

2

h?.t?

h-(b—L)-t,+
+(-L)t- h

bt +(b-L)t+h-t,

For a defect-free Z-shaped profile maximum coordinate is z. =h/2, strain o =

M
I Y

N |

and if ¢ =

T then L = ¢(2b +h). Substituting obtained dependences and expression (16) in
+

equation (2) we obtain an expression of stress intensity factor for the case of a crack in the wall
of a thin-walled Z-shaped profile

M h
K.(b)=—'§ [z-L,-F,(e), (17)

Iy

where F,(g) — dimensionless correction factor for the change in the geometry of thin-walled
wall profile at the propagation of fatigue crack in it.

F,(¢) = <28-[2-b-(3-h2 A+t )+ h3-t2]-(—1+5j x

x (050 -1,069 - £ + £2)- (0157 + 0,134 - £ + £% )

x(b+h—(2-b+h)-g—{t2 -{m h—(2b+h)-g}2}+
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J>+ +(h+tl)-{b~tf+t2 ~{b+h—(2-b+h)-g}3}+

-3

{2-{b-tl+t2-{b+h—(2-b+h).g}}

+3-b2-tf-tz-[b+h—(2-b+h)-g

+ +{b-(tl+t2)+t2 -{h—(z-b+ h)-g}2}+

, (18)
4
+3-b2-tf-tz-{b+h—(2-b+h)-g} + +{b-t1+t2-{b+h—(2-b+h).g} }

For thin-walled Z-shaped profile with dimensions of 200x87x6 mm correction
functions in graphical form are shown in Fig. 2.
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Figure 2. Dependence functions F for defects &
Z-shaped thin-walled profile with dimensions 200x87x6 mm

We approximate functions F,(¢) and F,(¢) (see. Fig.2) and obtain a generalized
correction function for a 200x87x6 mm Z-shaped cross-section

F(¢)=1-2,586 -5 +132,249 - &* —1628,850 - £* + 5035,670 - &* +
+54598,249 - £° —579311,0 - £° + 2,457 -10° - ¢’ —5,753-10° - &° + (19)
+7,786-10°% - £° —5,724-10°% - £™° +1,775-10° - &™.

Conclusions. The mathematical models of edge crack development at bending of a thin-
walled Z-shaped profile element have been devised. Conducted research resulted in obtaining
the dependencies to determine stress intensity factor K and correction functions by which we
can determine stress-strain state of metal Z-shaped cross section elements at each of the stages
of development of cracks during bending. Using these dependencies enables us to determine
operational life of frame structural elements and make suggestions for its improvement.
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MATEMATUYHA MOJIEJIb PO3BUTKY KPAWOBOI TPIIIIUHU ITPAU
3I'MHI TOHKOCTIHHOTI'O Z-NIOAIBHOI'O NPO®LIIIO

Tapac JoBoym; Mukoaa CramkiB; Hagis Xomuk; Harauisa PyGinenb

Teproninbcokutl HayioHaIbHUL MeXHIYHUU YHIgepcumem imeni leana Ilynios,
Tepnonins, Ykpaina

Pe3tome. Posensinymo indicenepni Memoou SU3HAUEHHsSI KOeQIyicHmie iHMeHCUBHOCMI HANPYX CeHb Oist
Odepexmuux enemenmis 6i0Kpumoz2o npoinio npu seuni. Ilpoananizosano xapaxmepmi cmaoii po3eumxy Kpatiogoi
mpiwunu Z-nodibHozo npoghimo. Ilobydosano mamemamuyni MoOeni ma UEEOEHO 3aNeHCHOCMI O/l PO3PAXYHKY
KoeqiyicHmie IHMEHCUBHOCMI HANPYICeHb 3d 080MA MEemOOAMU Yepe3 HOMIHANbHI HANDYICEHHS y Hemmo-
nepemuHi ma uepe3 3MIHYy O0CbO8020 MOMeHMY IHepyii nonepeurHoeo nepemurny Z-nodibHozo npoiuo.
Jlocniodceno dokpumuuHull picm Kparosoi mpiyuru, U3HAYEHO CUHSYIAPHICIb HANDYICEHb 8 OKOIL GMOMHOL
MpiUHU — KOepiyicHmu IHMeHCUGHOCMI HANPYICEHb Nepuiozo poody, epaxogyiouu modeni B.B. [lanacroka ons
po3mszy i yucmoeo 3euny. AHANIMUYHO GU3HAYEHO NONPABOYHI (PYHKYIL, 5K 8PAX08YIOMb 3MIHY 2eomempil
MOHKOCMIHHUX NpOoQinie npu NowuUpeHui 6moMHOI MpiWuHU, HA OCHOBI SKUX 3ANUCAHO KoepiyicHmu
IHMEHCUBHOCTNT HANPYIICEHb OJIS1 eleMEHMI8 MOHKOCMINH020 npo@inio, AKi cnputimaroms degopmayii posmsey i
uucmozo 3euny. Ilobydosano epaghiku nonpasounux @yuxyin. Ilposiswu ix anpoxcumayito, OmMpuUMaHo
y3azanbHeny nonpasouny @Qyukyii Z-nodionoeo npoghino posmipamu 200x87x6 MM, axa cnpowye po3paxyHox
3AIUUKOB020 pecypcy pobomu elemMenmie KOHCMPYKMUSHOI cucmemu.

Knrouoei cnosa: xoeghiyicum inmencusHoCmi Hanpyicernsb, NONPABOYHA QYHKYIA, O0BIHCUHA MPIWUHU.
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