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IRSTI 73.41.39
B.B. Togizbayeva, B.T. Sazambayeva, A.B. Kenesbek, A.S. Kinzhebayeva

L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
(E-mail: baglan099@mail.Tu, a.sazambaeva_ t@mail.ru,
anuar_kenesbek@mail.ru,kinaizh@gmail. com,)

Calculation method of the working body of a hydraulic excavator

Abstract: This article discusses the method of calculating the design of a hydraulic excavator
with an additional working body in the form of a milling cutter for cutting hard rock, spent asphalt,
frozen soils. The review, collection and analysis of patents, copyright certificates on the designs
of technical solutions for multifunctional structures of the working body of a hydraulic excavator
were made. The general provisions of digging are considered, cutting forces are determined with
simultaneous use of the bucket and cutting disks. A patent has been filed for a working equipment
of a single-bucket excavator that includes, as an additional organ, a disk milling cutter that allows
simultaneous destruction and excavation of asphalt concrete during the stripping works. Computer
simulation of multifunctional working equipment of single-bucket hydraulic excavator was carried
out. It was determined that the modernization of the working body through the introduction
of cutting disks will improve the performance and quality of excavation work performed by the
excavator.

Keywords: Working equipment, excavator, milling cutter, arm, hydraulic, handle, single-bucket.

DOI: https://doi.org/10.32523,/2616-7263-2018-125-4-75-80

Introduction. Moxuo aymepoBaTbAt the first stage, the review of technical solutions for multi-
functional structures of the working body of a hydraulic excavator is performed. Thus the collection
and analysis of patents, copyright certificates on the construction equipment of the single-bucket
hydraulic excavator are being performed. We have reviewed more than 40 patents and designs of
cutters for cutting soil, RU2 255 180 C1 IPC E02 F3/40 04.10.2011 E02F3/40 Patent Ne2488661.
The invention relates to mining machines used in the excavation of mineral deposits using the
open method. The working equipment of the cable career excavator includes a arm, a handle, a
pressure mechanism, a rocker arm and a bucket. Patent Ne2491389 09.08.2011 E02F3/40 Working
equipment of a career excavator. The invention relates to working equipment of the excavation —
loading machines designed for the excavation and loading into vehicles or dump of minerals. Work-
ing equipment of a career cable excavator contains a arm, a handle, a bucket, etc. Patent Ne2431020
20.08.2010 E02F3/40. The invention relates to mining machines used in the excavation of mineral
deposits by the open method, and more specifically to hydraulic mining excavators with working
equipment such as a back shovel. The device includes a frame with a working body, made in the
form of a hollow rod, and a hydraulic system. The device is equipped with a capacity for explo-
sives and batch-pump dosing. The hollow rod is equipped with a shield reflector. Patent Ne2453093
A01C5/06, E02F3/40 13.05.2010. The device includes a frame, a support wheel, a working body,
a container for a liquid and a hydraulic system. The working body is made in the form of a hol-
low rod. The device is equipped with a metering pump with a safety valve and measuring wheel.
Patent Ne2453094 A01C5/06 E02F3/4013.05.2010. The device includes a frame, a working body
and a hydraulic system. The working body is made in the form of a hollow rod mounted on a
ball joint and equipped with a guide shield. Patent Ne2468559 13.05.2010 A01C5/00. The present
invention relates to a sifting, crushing or mixing bucket, made in the form of an excavator bucket or
bucket loader. The bucket contains a bottom plate, side walls and working drums. Patent Ne2519141
E02F3/4021.01.2010 E02F3/40. The invention relates to a sifting, crushing or mixing bucket, made
in the form of an excavator bucket or bucket loader. The bucket includes a bottom plate, side walls
and working drums. Patent Ne2516356 02.12.2009 E02F3/40. The invention relates to mining and
construction. It provides a reduction in the volume of earthworks in the excavation of trenches for
pipelines, as well as the quality of installation, reliability and durability of pipeline operation, the
formation of slopes of trenches. The obtained information on hydraulic excavators on the materials
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of technical journals allowed us to identify a number of promising designs, such as «Erkat milling
cutter» - a hydraulic disk cutter for cutting narrow trenches and cable channels with a maximum
width of up to 40 cm, an ERW 1000 rotary cutter on CAT 336DL penetration trenches for con-
struction of foundation pits, road milling cutter NFO-400, NFO-500, EM-600, EM-1000, VEM-121,
MTC-108.047, OF-400, FD-567, NO-83, road milling cutter Wirgten W100, W120F, W2000.

Formulation of the problem. A review of the examined structures allowed us to discover that
many production corporations are working to expand the technological capabilities of machines for
earthworks, including single-bucket excavators, to update the structures and increase their efficiency.
Review and analysis of information on the designs of working equipments allowed us to make an
application for a patent of the working equipment of a single-bucket excavator, including as an
additional organ, a disk cutter, which allows simultaneous destruction and excavation of asphalt
concrete during the stripping works. The task of the invention was to simplify the design and
increase the efficiency of soil excavation. The presented invention also allows to increase the stability
of the movement of the excavator when notching asphalt concrete and to ensure the transfer of the
adhesion weight to the tines of the circular knives, easing the load on the tines of the bucket.

Research methods. At the second stage of work, computer simulation of a multifunctional
working equipment of a single-bucket hydraulic excavator (SBHE) was carried out, Figure 1.
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Ficure 1 — Computer model of multifunctional working equipment of a single-bucket excavator

Calculation of the proposed stress-deformed working equipment of a hydraulic excavator, which
discusses methods and ways of geometric modeling that consist in the interactive creation of a 3D
model of a working body of a hydraulic excavator consisting from next structural elements: bucket,
handle, arm, cutting disks and hydraulic cylinders. Synchronous geometric modeling is based on
the integrated application of methods for the boundary representation of volume bodies, variational
parametrization.

The geometric model clearly defines the structure of the entire working body, contains important
information resources necessary for the entire process of creating a product, which is created by
filling in new data.

To create a geometric model of the working body, the numerical values of the parameters that
were applied in the primitive models were used. In the process of dialogue construction of a geo-
metric model of the SBHE working body, exact conjugations are obtained using the conjugations
of primitives between each other «bindings». «Bindings» include the characteristic points of vector
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geometric objects (the ends, the midpoint of the segments, the center of the circle, the intersection
points, etc.), Figure 2.
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F1GURE 2 — Mesh overlay on the SBHE working equipment

The availability of informational software in the form of libraries and databases containing ready-
made standard geometric elements made it possible to build a working object of a hydraulic exca-
vator in SolidWorks. During the simulation the definition functions, the relationship between the
parameters of the arm, handle, bucket and milling cutter were took into account.

Calculation of the design with the initial set of parameters:

1. Setting the initial set of parameters for constructing a model of the operating element of the
HE (arm length, handle, arm width, handle, bucket width, bucket capacity, cutting disk radius,
hydraulic cylinder parameters, height and radius of digging, etc.);

2. Setting the type and properties of elements (material of the arm, handle, bucket and disks);

3. Setting material properties (Young’s modulus, modulus of elasticity, yield strength);

4. Setting the conditions for fixing (fastening the bucket to the handle, the handle to the arm,
the cutting disks to the bucket, etc.);

5. Application of concentrated shear force (to the attachment point of the bucket, handle, arm);

6. Solution;

7. Representation of the deformed form of the working body. Determination of deflection in the
center of the arm and assignment of its value to the parameter;

8. Record of the log-file to the database.

Probabilistic analysis of the construction:

9. Specifying a file with describing the calculation of the parametric model of the construction
(analysis file);

10. Setting input random parameters for probabilistic analysis;

11. Setting the output parameter for probabilistic analysis;

12. Selection of method of random variation of parameters;

13. Performance of probabilistic analysis;

14. View of the characteristics the output parameter distribution (the average value and the limits
of the confidence interval corresponding to a given confidence probability);

15. Determinination of the output parameter sensitivity relative to the input parameters.

Results. Under the existing conditions for fixing and loading the working body of the SBHE by
specified longitudinal and transverse forces applied to the working body of the SBHE, the calculated
(Figure 3) case - (a), the deplanation of the section will be different, which will lead to the appearance
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of additional, normal and tangential stresses that can reach values comparable to the main bending
stresses. By changing the cutting force (Load factor) and the movement of the bucket, we obtain the
loading of the arm, when the disk is in the upper position, the Figure 3 shows the stress-strain state
of the bucket. After the model has been created and all necessary adjustments have been made,
further actions have been taken: first, the model is fixed, the model is divided into finite elements
(FE), the breakdown step is 200 mm and then transferred to the 3D calculation part, the means of
which perform calculations; secondly, the loads acting on it are set: the weight of the bucket with
the ground, digging, cutting forces, the diagram shows conventionally the reactions arising in the
elements of the equipment - handles, arms, and the weight of these mechanisms is taken into account;
an assessment of its stress-strain state is made. The load map allows to analyze the distribution of
various internal reactive power factors (forces and moments arising in the elements of the structural
model. Using the dialog settings, it shows the results of the components and normal stresses in the
X and Y axes of the local coordinate system of the structure.
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FiGUrRE 3 — The density coefficients of the voltage distribution of the working body: (a)-loading of the working body of
the SBHE; (b)-bucket loading of the SBHE; (c¢)-loading of the milling cutter of the SBHE

Conclusion. The paper discusses the change in the design of the working body by introducing
cutting disks that helps to reduce the digging effort and increase the amount of excavated cargo.

The general provisions of digging are considered, cutting forces are determined with simultaneous
use of the bucket and cutting disks.

The application for the invention of the working body of a hydraulic excavator was made. The
results of a patent search were presented.

The stress-strain state of the working equipment of a hydraulic excavator with an additional
working body - a cutting disk - was determined, maps of loads and acting forces were constructed.

The general provisions on safety, ensuring human life in the operation and repair of the loader are
considered, environmental and fire safety is mentioned.

Therefore, the modernization of the working body through the introduction of cutting disks will
improve the performance and quality of excavation made by the excavator.
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T'uapaBINKaJbIK, 9KCKOBATOPABIH >XYMBIC OPraHbIH ecenTtey d4ici

AnHoTanusi. Bepinren makasiasga KaTThl KBIHBICTHI, [MaiilajbIHFaH ac(ajbTIThl, MY3/aThLIFAH TOIBIPAKTHI KECy VIIiH
JKOHFBIII KECKIIl TypiHJe O6oJiaThlH KOCBIMINA >KYMBIC OpPraHbl 6ap I'HJPaBJIMKAJIBIK, SKCKOBATODBIH KYDPBIJIBIMBIH €CENTey
o/ici KapacThIpbLIaabl. ['MIPaBINKAJIBIK, SKCKOBATOPIBIH >KYMBIC OPTraHBIHBIH KOIl (DYHKIIMOHAJIbI KYPBLIBICTAPbl OOMBIHIIIA
[aTeHTTEPiHe, aBTOPJIBIK KYQJIKTEPiHe II0JIy, *KIHAY »KOHE TaJl/lay KacaJsblH/Ibl. Ka3yiblH »KaJIllbl epexkesepl KapacThIPbLIIbI,
IIOMIII IIeH KeCy AUCKTEPAiH Oip Me3riine maiifanaHy Ke3iHae Kecyre CaJIbIHFaH KYIITEPl aHBIKTAJIAbI. APpIIy »KYMBICTapBIH
OpbIH/ay Ke3iHje acdajbTOOeTOHIbI CHIHIBIPY/bl KOHE YHFBUIIBIPDYAbI Oip Me3rijiie »kacayra MYMKIHIIK OepeTiH KOCBIMIIA
OpraH - JUCKTIK *KOHFBIIITHI KOCATHIH Oip IMOMIINTI SKCKOBATOPABIH *KYMBIC *KabIbIFbIHA TaTeHTTEeyre Oepiimi. ['uapaBirKkasibIK,
Oip meMimTi SKCKOBATOPABIH KO (DYHKIMOHAJIHI XKYMBIC OPTraHbIHBIH KOMIIBIOTEPJIIK MOJIE/IbEY] »KacaJbliHAbl. Kecy TucKTepin
€HTi3Y apKbLIbI >KYMbBIC OPraHbIHBIH MOIEPHU3AIUSICHI 9KCKOBATOP/IBIH OPBIHIANTHIH 2KEP 2KYMbBICTAPBIHBIH CAIaChIH XKOFapJaTyra
MYMKIiHIIK 6epesi.

Tyitin cesmep: skcnepr XKyieci, XKaHFBIPMAJIBI SHEPTUs KO3/1€Pi, TUOPUATI SJIEKTPOCTAHITUS.

B.B. Torus6aesa, B.T. CazambaeBa, A.B. Kenecbek, A.C. Kun>xebaeBa
Eepasutickuti Hayuorarbrvili yrusepcumem umenu JI. H.lymunesa, Acmana, Kaszaxcman
MeTtoauka pacdera pabo4dero opraHa rupaBJInYECKOTO SKCKaBaTopa

AnHoTanusi: B paHHOW crarhbe paccMaTpUBAETCs METOJMKA pacdeTa KOHCTPYKIUUA THAPABINYECKOrO 3IKCKaBaTOpPa C
JIONOJIHUTENLHBIM PA0OYNM OPraHoM B BHje hpe3bl /Ui HAPE3aHWs TBEPAOH HOPOAbI, OTPabOTAHHOrO acdasbTa, MEP3JIbIX
rpyaToB. IIpoussesenbr 0630p, COOp U aHAIU3 MATEHTOB, ABTOPCKUX CBUJETEJIHLCTB 10 MHOTO(MYHKIIMOHAJIBHBIM KOHCTPYKIUSIM
pabouero oprana ruIpaBJInIeCcKOro 9KCKaBATOPa. PaccMOTpeHbI 061Iue MOI0KEH sl KOIAHNS, OIIPEIEJIEHbl YCUIIs PE3AHUs IIPU
OJTHOBPEMEHHOM HCIIOJIb30BAHUYU KOBIIA U PEXKYIIUX AUCKOB. [lojana 3asiBKa Ha maTeHT pabodero obopy10BaHUsT OJJHOKOBIIIOBOI'O
9KCKABATOPA, BKIIIOYAIONIErO B KAYECTBE JIOMOJHUTEIHLHOIO OPraHa JIUCKOBYIO (bpe3y, MO3BOJISIONLYI0 OJHOBPEMEHHO MPOBOIUTH
paspyllleHne U SKCKaBaluio acdasibToOeTOHA IIPU MPOU3BOJICTBE BCKPBIIIHBIX paboT. [IpoBe/ieHO KOMIIBIOTEPHOE MOJETUPOBAHIE
MHOTOMYHKIMOHAJIBHOTO pabodero 060pYI0BAHUS OJHOKOBIIOBOIO THIPABINYECKOIO SKCKABATODPA. DBIJIO ONpEIEseHo, YTO
MoOJlepHM3alusl pabodyero opraHa IyTeM BHEJPEHUs] PEXKYIIUX JUCKOB IMO3BOJIUT IMOBBICUTH IPOU3BOIUTETBHOCTD U KAYECTBO
BBINOJIHIEMBIX 9KCKABATOPOM 3€MJISHBIX PAbOT.

KuaroueBrsle ciioBa: pabodee 000py/I0BaHUE, IKCKABATOD, dpesa, CTpesa, MUIPaBIndeCcKuil, DyKOsIThb, OJITHOKOBIIIOBBI.
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Yucnennoe nuddepennupoBanne pyHKIMil B KoHTeKcTe KoMnbioTepHOTo
(BBIYMCIINTEIHHOTO) HOIIEPEYHUKA

AHHOTaMA: B pamMKax KOMIBIOTEDHOIO (BBIYMCJIUTENHHOIO) IOMNEPEYHUKA  IIOJHOCTHIO
perena 3amada npubmkennoro muddepeniiupoanns (HYHKINN, TPUHAIIEKAINX KIACCAM
CoboJieBa 110 HETOYHON WHQOPMAIUN, IIOJIYYEHHO! OT IIPOU3BOJIBHOIO KOHEYHOI'O MHOXKECTBA

Tpuronomerpuyeckux koaddunuenro Pypwe-Jlebera muddepennupyemoit dyukium... [100-200
CJIOB].

KuaroueBbie cioBa npubiimkennoe mgudepeHnupoBanne, BOCCTAHOBJICHUE [0 HETOYHO

uHbOpMALUH, [peJe/bHAs OTPEITHOCTh, KOMIIBIOTEPHbINH (BBIYUCUTENBHBIN) HOIepevHuK. [6-8
CJIOB/ cJt0BOCOYETAHUI]|.

Bsegeune

TekcT BBEIEHUSI. ..

AmTopam He ciiejlyeT MCHOJIb30BaTh HecTaHgapTHble nakerbl LaTeX (ucmosbdyiite ux Jjnimb B
cilydae KpaiiHeil HeoGX0MMOCTH )

3aroJjioBoK ceKnuun

1.1 3arojioBOK moaceKnuu
OkpykeHwus.

Teopema 1. ...

Jlemma 1. ...

IIpennoxkenue 1.

Onpenenenne 1. ...

Caencrsue 1. ...

3ameuanwue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemot.

,H oKas3aTeJabcTBo. Tekcr JOKa3aTeJIbCTBa.

2. ®opmyibl, TAOJIUIIBI, PUCYHKU

. _ P . (V)
On(en; DN)y = 0n(en; T5 F; DN )y = (Z(N>71wrjlvi")eDN ON (8N, (l 780N>>Y, (1.1)
e On (en; (1M, on))y = on(en; T F; (1) on ) )y =
= s [T O e (10 () WD () +00)
feF Y

()

|7N <1(r=1,...,N)

Tabsurbl, pUCYHKH HEOOXOIUMO pacoJiararh mocje ynomuHanus. C KaxKJo# WLTIocTpanueil moiKHa
cJIeJ0BaTh HAJIINACh.

3. Ccbuiku u 6ubauorpadus
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Tasnuua 2 — Hazsanue Tabiuibt

IIpoctrie He npocteie
2,3,5,7,11, 13, 17, 19, 23, 29 | 4, 6, 8, 9, 10, 12, 14

PucvHok 4 — HazBanue pucyska

Jtst cChITOK Ha yTBEp2KJeHusi, (POPMYJIBI U T. 1. MOYXKHO HCIIOJIL30BATh MeTKu. Hampumep, Teopema 2,
Dopmyana (1.1)

s pykosojcrBa o IATEX u B KadecTBe mpuMepa opopMIeHNsT CCBLIOK, CM., HanpuMmep, JIpBockuii C.M.
Habop u Bepctka B makere ITEX. Mocksa: Kocmocurdopm, 1994.

Crmcok JuTepaTypbl OQOPMIISIETCS CJIELYIONUM 0OPA30M.
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u Teopus npubsmkennsa dynknuit: Tesucsl mokmanoB Mexaynaponuoit kondepeHuy, nocssiierras 110-geTuio
co must poxaenusi akagemuka C.M.Hukonbckoro, Mocksa, Poccusi, 2015. — Mocksa, 2015. —C.141-142. - Tpyasl
KoH(epeHInit

4 KypmykoB A.A. AHrHOIIPOTEKTOpHAS ¥ MIIOJIUIUIEMIYecKasi aKTUBHOCTE JieykomusuHa. —Aamarsr: Bacray, 2007.
—C. 3-5 - raszeTHbI€ CTATHU
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http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenus: 08.01.2017). - 3JIeKTPOHHBINA >KypPHAJ

A.2K. »Ky6anbimesa ! , H. Temiprammes ! , A.B. Yrecos 2

1 JL.H.ymunes amuvindazo, Bypasus yammols yrueepcumeminiy, meopusivolk MAMeMamuKa HCone eoLivlmy ecenmeyiep
uncmumymot, Acmana, Kasarxeman
2 K.2Ky6anos amvmdaev. Axmebe onipaix memaexemmin yrnusepcumemi, Axmobe, Kasaxcman

Kowmnsbiorepaik (ecenreyim) auamerp MoHMaTiHIHAe DyHKUMANAAPABLI caHABIK AuddepeHnuanaay

Ansoranus: Komnbiorepnik (ecenteyim) guamerp monMmoTiHinge Co6oJieB KIAChIHIA YKATATHIH (DYHKIUIADIBI OJIAPIbIH,
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A.Zh.Zhubanysheva ! , N. Temirgaliyev ! , A.B. Utesov 2

1 Institute of theoretical mathematics and scientific computations of L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan
2 K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan

Numerical differentiation of functions in the context of Computational (numerical) diameter

Abstract: The computational (numerical) diameter is used to completely solve the problem of approximate differentiation
of a function given inexact information in the form of an arbitrary finite set of trigonometric Fourier coefficients. [100-200 words|

Keywords: approximate differentiation, recovery from inexact information, limiting error, computational (numerical) di-
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