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Summary. Analytical and experimental investigations of the most loaded elements of the base frame of
PRT-9 solid organic fertilizer spreader are carried out in this paper. The residual operation life of the central
beam of the paired Z-shaped profile, as well as the lateral spars of the Z-shaped cross section are determined.
According to the results of studies, it was found that the residual operation life of these system elements differ
significantly. In order to achieve strength uniformity of the main frame elements, it is decided to weaken the central
beam by replacing the paired Z-shaped profile with a thin-walled tube of rectangular cross-section and strengthen
the lateral spars by replacing Z-shaped profile with a channel profile with the same height.
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Statement of the problem. The basic model of the structural system of PRT-9 solid
fertilizer spreader is not rationally designed in terms of its single parts durability. The residual

operation life of the central spar is T2/ T =11630/1771 = 6,57 tjmes greater than the operation
life of the lateral spars. This is a significant disadvantage.

Analysis of the available investigation results. Analytical and experimental
investigations of the stress-strained state (hereinafter SST) and methods for the estimation of
the operation life of agricultural machinery structural systems are reflected in numerous
scientific papers, particularly in paper [1]. Investigations of SST and calculation of the residual
life of solid organic fertilizer sprayer are carried out in papers [2], [3]. Analytical investigations
aimed at the determination of the critical crack length of the channels and thin-walled pipes
with rectangular cross-sections are given in [4].

Objective of the paper is to provide the same operation life of the central beam and
lateral spars of the structural system of PRT-9 solid organic fertilizer spreader.

Statement of the task is to replace the main profiles of PRT-9 main frame cross-
sections in order to equalize the stress-strain state in them.

Investigation results. The task to ensure the rational stresses redistribution in the
structural elements is the basis of the main recommendations for improving the carrier system
of PRT-9 fertilizer spreader. In order to reduce stresses in these cross-sections and relatively to
increase the residual operation life of the lateral spars it is proposed to replace Z-shaped profile
by channel 200x100x6, GOST 8278-83.

It is also recommended to replace the understressed central beam of the paired Z-shaped
profile by thin-walled pipe with rectangular cross-section 200x100x5, GOST 30245-2003.

Such combination of profiles makes it possible to balance the stress state of the
structural system elements. The formed closed profile of the central beam increases its corrosion
resistance as organic fertilizers do not get into the middle of the profile and after the profile
replacement there is no need in using the additional elements and welding for frame formation
and this increases the entire structure technological effectiveness.
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For manufacturing two longitudinal spars of the spreader frame it is proposed to use
cold-formed channels D200x100x6, GOST 8278-83 and for central beam — formed closed
profile 200x100x5, GOST 30245-2003. The application of the developed recommendations
provides the reduction of the structure metal consumption by 40 kg. Useful model patent
#92328 is acquired for the proposed solution [5].

It is recommended to replace the lateral spars of the improved structural system of PRT-
9 fertilizer spreader by bend channel.

For channel rolling of the standard series from #10 to #24 the array of correction

functions values (for O <€ <08 can be approximated by generalized curve (the first and the
second stage of crack growth) [4]:
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where €1 is the ratio of the crack area to the gross cross-section area of the channel.

Using dependence (1) at average 62 MPa operating stresses we construct the graph for
the dependence of stress intensity factor (hereinafter SIF) on the crack development in bend
channel (Fig. 1). From the graph we determine the critical crack length at which fracture occurs
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Figure 1. Graphical interpretation of crack development cross-sections made of bent channel:
a) determination of the critical crack length K. =71,5MPa Jm ;

0) the crack development in cross-section Ik,, = L1+ Ly =0,1395m.

Then we determine the residual operation life of the improved lateral spar of PRT-9
frame made of bend channel (Fig. 2), Taz2 = 2899

As the result of profiles replacement, the durability of lateral spars increased by T12/T1 =
2899/1771=1.64 times.
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Figure 2. Residual operation life of the improved lateral spar of PRT-9 frame

It is recommended to replace the central beam of PRT-9 fertilizer spreader structural
system made of paired Z-shaped profiles by box profile (Fig. 3).

SIF value at the crack tip of the bend-welded thin-walled element of the box profile is
determined by the following formula [4]:

K, = oz L-F(¢), )

where < are normal stresses in defect-free cross-section of the closed profile, MPa;
L is total crack length, L=Li+ L, L=L, L=glb+H-2t)
F(2) is correction function.

For closed box profiles the array of correction functions values can be approximated by
generalized function [4]:

Fyp(e)=0,793+0,186 ¢ +3,839 62— 20,474 £ +

(3)
+55,021 &* 67,186 > +31,823 &°

For the given cross-section see Fig. 3 under average 52 MPa operation stresses we
determine the critical crack length. Then we construct SIF dependence on crack development

l,, =0.2975

in box cross-section, m (Fig. 4).
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Figure 3. Development of angular crack in closed box profile

While investigating the residual operation life of the central beam of PRT-9 frame under
certain critical crack length, we obtain T22 = 4663 h (Fig. 5).
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Figure 4. Graphical interpretation of crack development in closed cross section:
a) determination of critical crack length K ¢, = 71,5 MPa+/m ;

b) crack development in cross section Ik,, =L1+Lp=0,2975M.
As the result of the carried out investigation of PRT-9 frame the durability of the central

beam of PRT-9 frame decreased by T2/T22 =11630/4663=2,49 times, making it possible to
bring into alignment the overall structural system durability.
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Figure 5. The residual operation life of the improved central beam

The results of the investigation of the residual operation life of the basic and improved
spreader structural system are summarized in Table 1.

Table 1

Comparison of the level of stress and durability in the most loaded sections of PRT-9 spreader carrier system

Basic modification Improved modification

Frame element
Cross-section
characteristic

Stress, MPa
Residual operation life
resource, hours
Cross-section
characteristic
Stress, MPa
Residual operation life
resource, hours

Z-shaped profile, Cold-bend channel
200x 87%6 66| 1771 200x 100x6 62 | 2899
Central Paired Z-shaped profile, 29 | 11630 Square pipe 59 | 4663

beam 200%87x6 200x 100x5

Spar

Conclusions. The spreader structural system is improved by replacing the profiles of
carrier elements. The results of the proposed replacement: the resource of the spars operation
life is increased, but that of the central beam is decreased. Hence, the operation life resource of
the central beam of the spreader frame relatively to the operation life resource for lateral spars
is 1.61 times.
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YIOCKOHAJIEHHSI KOHCTPYKTHUBHOI CUCTEMM IPT-9 HA
OCHOBI PIBHOMIIHOCTI EJIEMEHTIB PAMHA

Tapac Jooym; Hagis Xomuk; I'anna llboub; AnaTtoiii {oBOymn

Teprnoninbcokuu HayionanrbHuu mexHivHuu yHigepcumem imeni leana Ilynios,
Tepnoninw, Yrkpaina

Peztome. Koncmpyxmusna cucmema 6y0v-aKoi Mawunu, 6 mMoMy Yucii U CilbCbKO20CHOOapCbKOi,
CKAAOAEMbCSL 3 BENUKOI KIMbKOCMI DIZHUX MEMANMHUX eleMeHmis GIOKpUmo20 ma 3aKpumozo NonepeyHozo
nepemumie, sAKi 3’€OHaHi 36apIOBAHHAM. BUKOHAHO AHANIMUYHO-EKCNEPUMEHMANTbHI 00CHIONCEeHHs HAUOLTbUU
HABAHMAJICEHUX ~ eJleMeHmie 0a3060i pamu poskuoaua meepoux opeaniynux o0oopug I[IPT-9. Busnaueno
B3AMUUKOBULL pecypc pobomu YeHmpaibHoi 6anku cnapenozo Z-nodibnozco npoinio, a makxoxic 600KO8uUx
JIOHJHCEPOHIE Z-n00ibH020 NOnepeuHo2o nepemuny. 3a pe3yrbmamamu 00CAI0HCEHb CIMAHOBIEHO, WO 3ATUUKOBE
pecypcu pobomu yux elemMeHmie cucmemu cymmeso GiopisHaomvci. Lle — pezynrbmam 3HAUHO20 HANPYHCEHO-
O0ehopMmisHO20 cmaHy OOKOBUX JIOHICEPOHIE I NOMIMHO20 HeOOBAHMAICEHHS YEHMPATbHOIL 6AKU, WO € OCHOBHUM
HeO0ONIKOM KOHCMPYKMUSHOI cucmemu. [ 00CAcHeHHs DIBHOMIYHOCMI OCHOBHUX e/leMeHMi8 PaMu SUpIUEeHO
nociabumu  YewmpanoHy OaiKy 3aMIHOW CRApeHo2o Z-nodibHo2o npo@ino  MOHKOCMIHHOW mpyOor
NPSAMOKYMHO20 NONEPEYHO20 NePemuny i NOCUIUMU OOKOBI JOHIICEPOHU, 3aMiHugwiu Z-noodibHuil npogine Ha
weenepnull maxoi dc sucomu. /s pekoHcmpyiosanoi pamu 00CaiodiceHo ii HanpyoiceHo-0epopmisHuil cman Ha
OCHO8I BU3HAYEHHS KPUMUYHUX 008#CUH MpiwyuH. TaKodc BU3HAUEHO 3aTUUKO8UL pecypC pOOOMU KOHCHO20 i3
3aMiHeHUX eleMenmie KOHCMPYKMUBHOI cucmemu. 3a pe3yibmamamu 00Ci0*CeHb 6CMAHOBNEHO, WO 3ATUUKOBUL
pecypc pobomu Hecyyux enemenmis pamu supieuagca. Hasedeno nopieuanvhuill ananiz 00caioxHceHs 3a1UUK08020
pecypcy pobomu 6a3080i ma YOOCKOHANEHOT KOHCMPYKMUBHUX CUCTHEM PO3KUOAUA MBEPOUX OP2AHTUHUX 00OPUB.

Knrwouogi cnosa: koncmpykmugna cucmema, HanpyiceHus, pecypc pobomu.
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