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Summary. The proposed calculation model for determining the resource of bearing frameworks of
sections of barbed field sprayers. With the help of this model, the calculation of the rod's resource for the maximum
amplitudes of the cyclic bending of its weakest elements was performed. It is shown that its resource decreases
more than 2 times compared to the normative one.
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Problem statement. Chemical protection of plants is one of the effective and productive
methods. However, it can also be very dangerous if the technology of application of the working
drug is disrupted. Among the requirements for quality spraying is the timeliness of the spraying
in accordance with the biological development of the plant, the pest, the progression of the
disease etc. That is why chemical protection machines are given a short time frame for carrying
out this technological operation. This means that, all other things being equal, a shift in the time
of chemical protection may significantly reduce its effect or be unnecessary at all. Moving on
to the chemical protection machines means they must be technically serviceable and ready to
work.

If analysis of failures of this type of machines is carried out, a significant part of them
are caused by failures related to loss of working capacity of metal structures, among which on
the first place — damage of frames of sections of wide-grip booms. Complex operating
conditions such as: field irregularities cause additional fluctuations of boom elements, causing
significant dynamic overloads, as well as operation of such metal structures takes place in an
aggressive environment, accelerates corrosive processes and contributes to reduction of service
life of such elements.

As can be seen from Figure 1 that the damage of the elements of the structure of the
sprayer can have different character — fatigue failure (Fig. 1, a, ¢) and due to improper operation,
which caused collision with the obstacle, which caused critical deformation of the frame
elements (Fig. 1, b).
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Figure 1. Examples of typicall frame elements damage of high boom width sprayers

Analysis of recent research and publications. Analyzing scientific publications
concerning high boom width sprayers, they are predominantly aimed at mathematical or
simulation modeling of oscillatory processes in them. In the end, the authors establish the stress-
strain state of the booms or elements of the sprayer frame [1, 2]. It is clear that there is a large
and integral part of research of chemical protection machines, but unfortunately it is not enough.
The basis of the design of machines for chemical protection of plants is to determine the
resource (residual life) of the elements of their metal structures, although information on
methods of investigation of the damage of elements of booms wide sweep sprayers is almost
absent. Professor T. I. Rybak made a significant contribution to the development of the theory
for determining the residual life of the sprayer frame structures [3].

The goal of the work. Construct calculation models to determine the resource (residual
life) of the elements of the bearing frames of the sections of the boom sprayers.

Presenting main material. As an experimental sample, a wide spreader boom of the
OPSH-15 scanner (Fig. 2) was used, for which the initial data on checking the advanced theory
of determining the residual life of the boom frames are known.

Figure 2. General view of sprayer «OPSH-15»

This sprayer in the classical view (Fig. 2) has a five-section boom with a grip width of
16.2 m. Of course, with this width of the boom grip, it is possible by increasing of forward
speed, but this in turn leads to an increase in the dynamic forces acting on the structural
elements.

Experimental studies have been established [3] (Fig. 3) that during the working process
there are cyclic oscillations of such boom with frequency f within one hertz f ~1 Hz. As a
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result, some of its elements experience tensile, compressive, and bending cyclic loads. The task
is to determine the resource of the boom (number of cycles of oscillation N =N, or real

operating time t =t,), upon which it will cease to perform its functional properties.

L L il

Figure 3. Fragment of oscillogram of experimental research of dynamic loading on boom metal
construction

As is common in engineering practice [4], the resource of metal structure is determined
by the lifetime of the weakest link, that is, one of its most loaded elements. According to the
modern theory of fatigue (mechanics of delayed damage of structural elements at variable loads
[4]), the resource of the structural element (number of oscillations N, or time t,) at variable

loads is determined as follows:

N* = Ninit + Nsubcr ’ t* = tinit +tsubcr : (1)

Here N, . t,, are periods of origin of fatigue crack; N — periods of its critical
growth. The calculation of the crack initiation period for such elements will be carried out on
the basis of relations o ~Ig N for the area of limited durability of the Weller diagram. On the

basis of the results of work [4] it can be concluded that this dependence in semi-logarithmic
coordinates will be approximately linear and analytically it can be represented as follows

subcr ! tsubcr

00, =Ig(N,N ™), o0," = lg(tet ). (2)

Here o,,N,, t,are characteristics of fatigue damage of materials within the area of
limited durability (10* < N <10"), determined on the basis of experimental studies. Then the
period of fatigue crack occurrence N, in the structural element, in which the external load

causes the amplitude of stresses varying over time o, will be determined from the results [4]
as follows:

= N, 107 ,t,, =t,1077° ,t, =2,8-10*N, h. ?3)

! Sinit

N

init

Based on the results of work [5] determination of the period N =N, of precritical
growth of corrosion-fatigue crack length | in the plate we reduce to the following equation

dl/dN = o, (1- R)* (K — K )IA- &) (K e — K01 (4)

Imax
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Here &= po,*, p is the regular part of stresses at the tip of the crack; o, — sequence
/K K — Critical value of voltage

by cyclic load; The value K, that would be the lower threshold value

of stress in the zone of the front-end; R =K

Imin Imax ?

intensity factor K, .
Kimax fOr the short crack, based on [4] is determined through K, for the large as follows

Ky = Kg/(1-¢%). (®)

As follows from [5] the value K, is not constant and depends on the load level &, that

is, at all levels of crack propagation it will be different.
Equation (4) with corresponding start and end conditions

N :O' I(O):IO' N = Nsubcr’I(Nsubcr) :I* (6)

and makes a design model for determining the period N = N, . of subcritical growth of fatigue
straight crack regardless of its size (excluding physically small cracks). At that, critical crack

length | =1, is determined by KRT criterion [5]
o,(L) = . (7

Here o,(l,) is the maximum per cycle of crack opening at its top at average voltage o,
,and ¢, its critical value.

Figure 4. Scheme of rectangular pipe loading

Evaluation of life (residual life) of the most loaded bending element of the closed profile
boom. Rectangular and circular pipes are used in most cases among the closed profile beam
elements used in wide-spread sprayer booms. Consider the most loaded bending element of the
boom, which is a rectangular pipe with a 3 section of 40x25x3 mm, which is subjected to a
cyclic bend (Fig. 4).

As it is known [2] from in-situ studies of boom elements at constant dimensions H, h,t
of pipe cross-section the maximum amplitude of stress change in it for this bend can be
different:

140 < Ao <180 MPa, R=01, H =40 mm, h=25mm, t=3mm. (8)
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The task is to determine by the relations (3)—(7) the resource N = N, (residual resource
N = N, ) of the considered beam element of the closed profile.

In order to perform such calculations, you must define the characteristics of the material
0, Ny, t,, K, K, .. To this end, on the basis of the results of the works [4, 6], Weller's

diagram and Kinetic diagram of fatigue crack growth in Article 3 were identified and

constructed (see Fig. 5).
Using the least squares method, equations (3), (4), and the data of these diagrams

unknown constants o,, N, ,K ., K, ,a, we will find as follows:

N, ~6,3-10° cycles, a, ~ 4,51-10"° (cycle) *(MPa) 2, K . ~96MPa/x , R=0,1,

. ©)
o, ~88,23MPa, K; ~12,81IMPaJm, o, ~ 375MPa,o_, ~175 MPa.
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Figure 5. The diagram of Veller (a) and diagram of fatigue crack growth (b) for St. 3

In addition, a value 1, is included in the ratios (6). This value is quite small in order of
size of the structural parameter of the material. But for practical calculation, it is possible to
select a value |, of at least one millimetre for the born crack to be considered macroscopic and
to use the calculated model (4) and (6) lawfully. In such a case, the value N, is calculated to

be slightly understated, that is, the obtained error will go to the shelf life margin.

Since the amplitude Ao of stress variation in the beam element according to (8) is
different, in order to establish the life of safe (non-destructive) operation of such a boom, we
will calculate for the highest value Ao, Ao ~180 MPa or the same, cyclic bending of the

analysed element by some moment M ~ 6,4-10™* MPa-m?®. For this purpose, on the basis of
ratios (3) and (9), we find that the period N, of fatigue crack origin will be approximately equal
to

N, =6,3-10° cycles or t, =1750 h. (10)

In the future, we believe that a straight surface crack with depth I, = 0,001 m was formed

in the pipe. According to operational data, the most common defects in such beams are fatigue
transverse cracks of the following two types: surface crack (Fig. 6, a) complex crack, occupies
completely one of the walls and part of the other two (Fig. 6, b).
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Figure 6. Schemes of loading of rectangular pipe are with cracks:
a) the pipe with the superficial rectilinear crack; b) the pipe with the complex crack

During this period of resource exhaustion of the beam element of the rectangular profile
of the frame structure can be represented as such. First, a surface crack occurs in the period

N,.. (Fig. 6, a), then such a crack propagates in the period N

suber

configuration (Fig. 6, b), and finally, a crack of such a complex configuration will reach a
(@  causing complete damage of the beam element in question.

suber !
Thus, the life of a rectangular beam element can be determined by the following
formula:

before the complex

critical size in the period N

N, = Ninit + Ns(jgcr + Ns(jb)cr . (11)

The value N, is determined using formulas (9), and other components of formula (10)

are determined using mathematical model (4)—(7) using results [5]. On the basis of this we will
get

N @

subcr

= 60568 cycles aco t&Y  =16,82 h; N~ 415 cycles., a6o t2 ~7min.  (12)

subcr subcr subcr

Setting (9), (11) to (10) we will find that the life of the boom t, will be equal to
t, ~1767 h. (13)

Conclusions. Using the basic provisions of modern theory of material fatigue, a
calculation model has been built to determine the resource of load-bearing frames of sections
of boom field sprayers, which are made of St. 3. Using this model, the boom life is calculated
at maximum amplitude of cyclic bending of its weak elements, which is t, #1767 h. Compared
to the known data [7], where the standard service life of the sprayers is 7 years, and their annual
load is 550 h, and for the maximum amplitudes of oscillation of the boom elements accepted
here, it will work about 3.2 seasons, does not correspond to the standard service life of the
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sprayers. This means that it is necessary to reduce (eliminate) vibrations of boom elements, as
it is proposed in [8] or to reduce weight of boom section frames using lighter materials. One
example of such a modification was the installation of OPSH-15 seven-section booms on the
sprayers, which had extreme sections made of basaltoplastic composite [3], which significantly
unloaded this structure, but without minimizing the fluctuations of the boom, especially
extreme sections, it was not possible to achieve the necessary service life of its operation.

In addition, the result of the calculation shows that its life is mainly determined by the

period of origin of the fatigue crack, as well as slightly in comparison with the standard almost
2 times.
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BIIJIMB AMIVIITYAU KOJIMBAHDb HA PECYPC HECYUYHUX
KAPKACIB CEKIIIM IITAHTOBUX OBITPUCKYBAYIB

Anapii baoiii; Mapis baoii

Tepnoninbcokuu Hayionanrbhuu mexHivHuu ynigepcumem imeni leana Ilynios,
Tepnoninw, Yrkpaina

Pesztome. Ximiunuii 3axucm pociun — ye 00UH 3 HAUNOWUPeHiuux ma 0i€eux 3acobié 3axucmy pociun.
Takuii memoo nopso 3i c8o€io eheKmueHICmI0O Modice bymu HaA0Mo HeOe3neyHuUM OJisl HCUBUX OPSAHIZMIE Mmda
exonozii 6 yinomy. Biowocna besneunicmes 0aH020 Memoody nojasede, nepuil 3a 6ce, y 4imKomy OOMPUMAHHI
HAYKOBOOOTPYHMOBAHUX 6UMOZ U000 30ilicHeHHA makoi mexHonoziunoi onepayii. Ceped 6umoz, Kpim
00MPUMANHS HOPMU A PIBHOMIDHOCTNI BHECEHHA XIMIUHO20 npenapamy, € mepminu npoeedeHHs 0ONPUCKYBAHHSL.
Tobmo maxi mawiuny (ONpucKy8ayi) nOGUHHI 6YMuU MEXHIYHO CNPABHUMU MA 20MOBUMU 00 pobOmMU, W00 y cImuci
MepMIHU RPOGeCmuU XIMIUHUL 3AXUCII.

Y pobomi euxonano ananiz ocHogHUX mexHiuHux HecnpagHocmel 0ONPUCKYBAUI8, 0e 6CIMANHOBNIEHO, WO
ceped npuyun Guxody 3 1ady oONpUCKY8ayié 8azome Micye 3aUMaAe PYUHYBAHHS KAPKACI8 WUPOKO3AXEAMHUX
wmane uepe3 GUHUKHEHHS GMOMHUX Mpiwun abo Oaui eleMeHmu 3a3HAIOMb KPUMUYHUX NepesaHmadlCcenb,
HANPUKIA0 nNpu CnigyOapsHHA 3 HEPYXOMOK Nepeuiko0oio 6HACTIOOK HenpasuivHoi excnayamayii. I[lo
CMOCYEMbCA AHANIMUYHO20 OOCNIONCEHH pecypcy pobomu KapKacié wimawne WUpoKoi po32opmKu, mo 3d
aHanizom JaimepamypHux oOdicepesl maxa IiHgopmayis npakmuuyno eiocymus. Tomy 6 pobomi no6yoosaro
PO3PAXYHKOBI MO0 01l BUSHAUEHHS PECYPCY HECYHUX KapKACi6 CeKyil WmaHzo8ux noibo8ux 0ONPUCKy8ayie, AKi
sucomoaneni 3i Cm. 3, Ha OCHOGI NO0JICEHb CYHACHOT meopii emomu mamepianie. Ilpu 3acmocysanni yici mooeni
no6yoosano diacpamy Bennepa ma diacpamy pocmy emomnoi mpiwunu ora Cm. 3 i npogedeno pospaxynox
pecypcy wmaHeu 3a MAKCUMAIbHUX AMAIIMYO YUKIIYHO20 32uHaHHA i1 Haticrabwux enemenmis. Bukxouawno
NOPIGHAHHS 3 BIOOMUMU HOPMAMUBHUMU OAHUMU MA 3DOONIEHO BUCHOBOK NPO HEBIONOBIOHICIb ICHYIOHU020 DecypCy
KapKacie cexyii wimaneu 00 HOpMamueHo20. 3anponoHO8aHO WIIAXY GUPIEHHA 0aHOi npobaiemu.

Kniouosi cnoea: obnpuckysau, Kapkac wupoxko3axeamuoi wmaueu, pecypc pobomu, YukiiuHe
HABAHMAIICEHHSA, AMNIIMYOA KOIUBAHb, NOBEPXHEBA MPIWUHA.
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