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Summary. Step-by-step analytical and experimental investigations of the structural system residual
operational life using organic fertilizer spreader PRT-9 are developed in this paper. Increased requirements for
metal consumption indicators and reliability of solid fertilizer spreaders are associated with ensuring the strength
and durability of their components and units. The agricultural machine frame is the welded metal structure, made
mainly of thin-walled elements of open and closed intersections, operating mainly for bending and torsion. The
most common defects of such intersections are fatigue edge cracks.
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Statement of the problem. Increased requirements for metal strength and reliability of
agricultural machinery structural systems is related to ensuring the strength and durability of
components and units. The need to reduce the design time of new equipment, high costs of
experimental research increase the value of calculation and experimental of structure durability
evaluation. Therefore, the development and substantiation of such methods is the complex task
requiring the in-depth analysis of the theory problems for machine bearing systems strength
calculations, explanation of new calculation models for crack development and bearing systems
load.

Analysis of the available investigations. The results of theoretical and experimental
investigations of the residual operational life calculation for frame structures made of open and
closed intersections are given in papers [6, 7]. These investigations are insufficient to determine
the operational life of the constructive fertilizer spreader system PTR-9.

The objective of the paper is to develop step-by-step method for evaluating the residual
operational life of machine bearing system for solid organic fertilization.

Statement of the problem. The problem is to carry out the analytical investigation of
the stress-strain state (SSS) of the constructive system of solid fertilizer spreader with the
maximum load randomly distributed along the body space; to check the results experimentally;
to investigate the SSS risk of the bearing system dangerous section in field environment, and
to determine the average operating stresses during the process. Experimentally determine the
characteristics of the cyclic fracture strength of the material from which the profiles of the
structural system are fabricated as well as to determine the residual operational life of Z-shaped
transverse profile in dangerous section.

The results of the investigation. The resource of the operation of structural system
elements of the fertilizer spreader is determined by formula [5]:
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where o; — actual stresses in the investigated elements of metal structure;
Fz; — generalizing correction function for i-th cross-section of the investigated structural

element;
IKi — critical defect value defined by calculation — analytical method.

The determination of the actual stresses in metal structure elements is divided into two
stages. At the first stage, we carry out analytical investigations of the stress-strain state (SSS)
of structural system under maximum load. Let us show it on the example of the frame
calculation for the of organic fertilizer spreader PTR-9.

The distribution of organic fertilizers weight on the spreader body space has mainly
variable form both in transverse and longitudinal planes. To describe functionally the nature of
distributed load influence on the load-bearing capacity of the spreader elements is an important
task for design-and-engineering practice.

Let us consider and systematize the disturbing factors of uneven loading on PTR-9
spreader body space (Fig. 1).

Figure 1. Cycle counting of load distribution of load-bearing metal structure of fertilizer spreader PRT-9:
q(s) is distributed load;
1, II are lateral spars of Z-shaped cross-section;
111 is central spar with cross section made of two Z-shaped profiles;
1V are cross-beams of tubular cross-sections

The calculation of static structural system uncertainty of fertilizer spreader is carried out
according to the calculation scheme while applying the modified method of minimum potential
deformation energy [3, 4].

The distributed external loads g11(Ss), 012(S), 021(S), 022(S), 0s1(S), acting on the frame are
shown in the calculation scheme Fig. 2.
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Figure 2. Cycle counting of the structure system loading of fertilizer spreader PRT-9
Such internal force factors occur in the frame cross-sections:
Qu1, Quz, ..., Qa2 — transverse forces in the structural system elements;
Mi1, M1, ..., Maz — bending moments in the structural system elements;
Ka1, K1z, ..., Kaz — torque in the structural system elements

We reveal the static uncertainty and construct the bending moments diagram for
symmetric placement of organic fertilizers (Fig. 3) [5].
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Figure 3. Diagram character of the load on the frame and bending moments diagram of the spreader PRT-9
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At the second stage, we carry out experimental investigations focused on the
determination of stresses required to verify the analytical calculations reliability. These
investigations do not take into account the efforts caused by random disturbance sources:
machine movement by the field irregularities, the unevenness of the operating elements
movement associated with the implementation of technological process (fertilizer spreading).
To determine the real SSS of the fertilizer spreading system, it is necessary to determine
additional dynamic loads from the fertilizer weight on the trailer. They occur as the result of
vertical accelerations.

The following flow chart was used: loading of organic fertilizers from the pile; motion
along the field with nominal load; motion along field with fertilizer spreading; motion along
the field with empty body during the experimental investigations.

The strain gauges were installed in zones of the greatest predicted stresses determined
during the preliminary analytical static load investigation of the bearing metal structure, as well
as the result of statistical data processing concerning the investigated elements failure during
operation. The sensors were glued on sections along the stress action direction line. Taking into
account the symmetry of the spreader PRT-9 frame relatively to the longitudinal axis, the strain
gauges were placed on the right side of the machine [5].

According to the results of analytical investigations of the fertilizer spreader PRT-9
frame [5] the sections, where maximum internal force factors, and respectively, the stress were
defined, because of the gauges installed in these sections. The proposed schematic diagram of
gauges location on the spreader PRT-9 carrier frame is shown in Fig. 4

Figure 4. Schematic diagram of strain gauges and acceleration sensor location on the fertilizer RTR-9
spreader frame

The experimental SSS definitions of the trailer spreader for organic fertilizers FRT-9
was carried out under operating conditions during the flow chart: loading of organic fertilizers
from the pile, aggregate motion along the field road and directly along the field during fertilizer
transportation and spreading, as well as returning to the pile in idle mode (Fig. 5).

For the reliability of indicators obtained during the experiment, we compare the strain
gauge readings with analytical results in static mode. In this case, the strain gauge readings take
into account the stressed state caused by technological load. Stress components from the metal
structure weight and technological cargo are obtained as accumulative values.

The results of experimental frame SSS investigations proved that the calculation and
experimental data under static load differ up to 7% [5].
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Figure 5. TRT-9 transporting test mode and strain gauge location

The results of experimental investigation during the flow chart performance show the
load changes of different frequency and amplitude indicating complex multifrequency random
phenomena (Fig. 6). Harmonics of the main frequency toneis 1 ... 3,5 Hz.
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Figure 6. Oscillogram of stress change in the organic fertilizers spreader element in crossing # 2:
I is the spreader motion without organic fetilizers (tz=~13 min, 01 =20 MPa); Il is loading of organic fertilizers

load (t;~6,5 min, Oop =15 MPa); 111 is the spreader motion to the field (tz= 3,5 min, o3¢ =118 MPa); IV is

organic fertilizer spreading (t4=19 min, Tlep =85 MPa)

Let us determine the average normal operating stress for section #2 of the structural
system of organic fertilizer spreader PRT-9 by the formula
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In numerical form

20.13+75- 118 - 1
Cepe = 0-13+75-6,5+118-3,5+85 9:66 MPa.
13+6,5+35+19

As the result of analytical investigations [5], the generalized correction function for Z-
shaped cross-section is obtained:

F, =1-2,586 - +132,249 - £2 —1628,850 - £° + 5035,670 - £* +
+54508,249 - £° —579311,0- % +2,457.10% . ¢/ —5753.10% . 8 + (3)
+7,786-10% . £2 —5,724.108 . £10 4+ 1.775.108 . £11.

For Z-shaped thin-walled profile with dimensions 200x87x6 mm, the corrective
functions in graphical format are shown in Fig. 7
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Figure 7. Dependence of the function FZ on the defect value for Z-shaped thin-walled section
with dimensions 200x87x6 mm

According to the processing of experimental investigation results, we obtained the
characteristics of cyclic fracture toughness of the material (Steel 10), the sections of fertilizer
spreader structural system were made of:

K =715MPavm; € =875-10"* micycle-(MPav/m)™ n =294,
where K¢ — the critical SIV value at which the sample failure occurs;

n —the inclination angle tangent of the kinetic diagram rectilinear part for fatigue failure of the
frame material to the abscissa;
C — characteristics of the material due to which the material specific properties at the crack top
in the weld seam area.

Side spares of the spreader PRT-9 bearing system are made of Z-shaped cross-sections
with dimensions 200x86x6 mm. For the average operational stresses 66 MPa, the diagram of
SIV dependence on the crack development (Fig. 8) was built and the crack length at which the

material failure occurs is determined, l, =01135m.
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Figure 8. Graphical interpretation of the boundary crack development in Z-shaped cross-section
of PRT-9 frame side spare

Having solved equation (1) at n=294: C=875-10""% m/cycle-(MPavm)";
o = 2,3 Hz; we get the residual operation life of PRT-9 frame side spar in dangerous section
(Fig. 9).
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Figure 9. Residual operational life of the side spar of PRT-9 frame
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Thus, the calculating operational life of the side span of PRT-9 frame the frame is

Ty =1771 hours.

Conclusion. Analysis of analytical and experimental investigations of the bearing

system of solid organic fertilizers PRT-9 spreader at its complete loading indicates the
disadvantages of the frame structure, i. e., unsatisfactory stressed state. Due to the experimental
investigations of fracture toughness it is determined that in terms of brittle fracture, zones of
the weld seam thermal impact are dangerous. As the result of Steel 10 material investigations,

the following characteristics of fracture toughness K¢, =715 MPavm; C=875.10712 m/cycle
(MPaym)"; n=2,94 were determined.
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VIIK 539.3

METO/IUKA OHIHIOBAHHA 3AJIMIIIKOBOI'O PECYPCY
POBOTHU PAMHUX CUCTEM

Tapac doBOym; Hagis Xomuk; Anarodaiii loBOyur; bornan lynenn

Teproninbcokull HayioHAIbHUL MeXHIYHUU YHIgepcumem imeni leana Ilynios,
Tepuonins, Ykpaina

Pe3ztome.  Po3pobneno  nOKpOKOGi — AHANIMUKO-EKCNEPUMEHMANIbHL  OOCHIONCEHH — OYIHIOBAHHS
3anUUWKO8020 pecypcy pobomu KOHCMPYKMUGHOI cucmemu Ha npukiadi poskuoaya opeauiynux 0oopue I1PT-9.
Iiosuwenns gumoe 00 NOKA3HUKIE MEMALOEMHOCHI U HAOIHOCMI pO3KUOAyie meepoux 006pus nos’ssane 3
3a0e3neueHHAM MIYHOCMI Ui 008208I4HOCHI IXHIX 8y31i8 ma acpezamis. HeoOxionicms cxkopouyenHs mepminie
NPOEeKMYBAHHs HOB0I MEXHIKU, BUCOKI 8UMPAMU HA NPOBEOCHHS eKCHePUMEHMAIbHUX O0CTIONCEHb NIOBUUYIOMb
8A20MICHb PO3PAXYHKOB0-EKCHEPUMEHMAIbHUX MemO00i6 OYIHIOBAHHA 008208iuHOCMI KOHCmpYKyil. Hadiinicme
i 006208iUHICING MODINLHUX CiTLCOKOZOCNO0APCHKUX MAUWUH MACOB020 BUPOOHUYMBA BUSHAUAEMbCS, 8 OCHOBHOMY),
miynicmio ix mpumkux pam. Cnputimaiody OUHAMIYHI HAGAHMAJICEHHSA 810 X00060I YACMUHU MAWUHY, 4 MAKOIC
610 3MOHMOBAHUX HA HIUL CULOBUX I (DYHKYIOHATIbHUX YCMAHOBOK, Yi KOHCMPYKYIL RPpAy0ioms Y #COPCMKUX YMOBAX
YUKITYHO20 HABAHMAICEHHS, WO HACMO NPU3B0OUMs 00 iX nepeduacHozo pyuHyeanns. Biomosu mpumxux ay3uie
MOOINbHUX CibCbKO2OCNO0APCHKUX MAUIUH, GUKIUKAHI 3APOOICEHHAM MA POCMOM 6MOMHUX mpiwun. Tomy npu
NPOEKMYBANHI MA PO3PAXYHKY YUX KOHCMPYKYIU OOYINbHO OYIHIO8AmMU iX MPiuHOCMIUKICMb GUKOPUCMOBYIOUU
nioxoou Mexawiku pyunyeants. Taxi OOCHIONCeHHS He € 3aMIHOI0 MPAOUYIUHUX MemOoOi6 PO3PAXVHKY, d €
8aNCIUBUM O00AMKOBUM 3AX000M, WO O03BOJIAE KOPEKMHIULe OYIHUMU OYIKYB8AHULL 3aNac MIYHOCMI U pecypCHi
MOHCIUBOCIT KOHCMPYKYTL, 8ubpamu mamepian i onmumMaibHi KOHCMPYKMUGHI PIULEHH OKpeMux oemarneti ma
8Y371i8 3 MOYKU 30pY IX MPIWUHOCMIUKOCMI, PO3POOUMU NPAKMUYHI PEKOMEHOAYil 051 NONEPeON#CeHHs BMOMHUX
PVIHY8aHD i 30inbuieHHA mepmiHy ekcnayamayii mawun [2, 4]. Pama cinbcbKo2ocnooapcbkoi Mawunu — ye 36apHa
MEMAnoKOHCMPYKYisl, BUCOMOBIEHA, 8 OCHOGHOMY, 3 MOHKOCMIHHUX €leMeHMI8 GIOKpUMUX [ 3aKpumux
nepemunie, AKi npayiooms NepedadiCHo Ha 32U ma Kpyuenns. Halnowupeniwumu oepexmamu maxkux nepemumis
€ BMOMHI Kpatiosi mpiuunu.

Kniouoegi cnosa: pecypc pobomu mawunu, Hanpysicenns, mpiujuna, Hebesneunui nepemun, nonpagoyHa
QdyHKYIs.
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