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Abstract

In order to assess the strain-deformation condition (SDC) of the frame of tractor, the
method of tip element is suggested and rational calculation schemes of various complexities
(simplified, basic and adjusted) are developed.

The simplified scheme (consisting of 49 nodes and 53 elements) is based on the data of
experimental studies (Fig. 1). This model of tip element has a simple structure, provides
computational efficiency and allows a preliminary evaluation of the stiffness profile of the
frame. At the same time, the proposed simplified scheme does not provide high accuracy of
deformation and characteristics of strain distribution in frame elements.

With the help of basic scheme of tip element (consisting of 1250 nodes and 2200
elements) (Figs. 2, 3,4) it is possible to study the stiffness and strength of the tractor frame
individually or together under the influence of external or internal forces as well as to estimate
the effect on the characteristics of stiffness of spiral joints and boxes and on their strain-
deformation state and to check the proposed structure to reduce the mass of the frame.

The adjusted schemes of tip elements (consisting of 2300 nodes and 3270 elements)
(Figs. 5,6) are developed for correct equations of the frame and the distribution characteristics
of deformation and strain of individual elements as well as for the study of SDC transmission
of the tractor frame on a single circuit.

It is possible to estimate the strain-deformation state of the bearing system of the tractor
in case of any operating conditions with the help of compiled calculation schemes with great
accuracy.

Key words: carrying element, frame, strain-deformation condition, calculating scheme,
method of tip elements, simplified scheme, adjusted scheme, basic scheme, node, shaft
element, modeling, model of tip element, degree of looseness.
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Introduction

It is known that the development of a rational calculation scheme for the calculation
method developed for the assessment of the strain-deformation condition (SDC) of the frame
of the tractor is a very important task. At the same time, the calculation schemes are evaluated
according to the working time as well as the time of preparation and implementation of the
calculations. In this case, the main factor is the approximations and assumptions [1].

Taking into account the above mentioned, the method of tip elements is chosen.

Methods and materials

In order to justify the principle of making a rational calculation scheme of the SDC of
the frame of tractor, three tip element schemes have been developed: simplified (consisting of
49 nodes and 53 elements), basic (consisting of 1250 nodes and 2200 elements) and adjusted
(consisting of 2300 nodes and 3270 elements).

The simplified scheme for the preliminary analysis of the SDC of the tractor frame
under the influence of external loads was developed on the basis of data of experimental
research (Fig. 1). In this case, the shaft element with 12 degrees of looseness was chosen as
the tip element taking into account the effect of the lateral cut.
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Fig. 1 Simplified model of tip elements of tractor frame

The representation of this frame as a tip element of a shaft is based on the fact that it is a
prolonged structure (the ratio of the dimensions of the cross section of the frame to its length
is h/L = 1/6) to which the radial theory is applicable.

Here the connections of the power units are modeled rigidly. The spiral joints
connecting the gearboxes are modeled according to the developed model of tip element [2].

It became clear from the analysis of the frame shaft model that the proposed tip element
model has a simple structure, it provides computational efficiency and allows a preliminary
assessment of the stiffness of the profile of the frame. At the same time, the proposed
simplified scheme does not provide high accuracy of distribution of characteristics of
deformation and strain and their values in the frame elements.

With the help of schemes of tip elements (Figs. 2, 3, 4) it is possible to study the
stiffness and strength of the tractor frame under the influence of external or internal forces
taken separately or together and to check the proposed structure to reduce the mass of the
frame.

Adjusted schemes of tip elements (Figs. 5, 6) are compiled for the adjustment equation
of the frame and distribution characteristics of deformation and strain of individual elements
as well as for the study of SDC transmission of the tractor frame on a single circuit.
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a) b)

Fig. 2 Basic calculation scheme of
a) tractor semi frame and b) clutch box
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a) b)

Fig. 3 Basic calculation scheme of gearbox components
a) Gearbox, b) Rear axle (inner walls)

The quadratic element with six degrees of looseness in each node is chosen as the main
element for the description of the gearbox surfaces in the basic and adjusted schemes of tip
elements which ensures the minimum calculation time and high accuracy [3].

Similar three-sided elements were used to describe the curved parts of the frame
gearbox components which made it possible to easily approximate the broken and curved
surfaces of the structure of gearbox.
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When making the basic calculation scheme, the joints of edge nodes, frame and the
wings of semi-axis are presented by the shaft tip elements and the joints of the clutch, the
gearbox and the rear axle are represented by the smooth tip elements (Figs. 2, 3, 4).
In adjusted schemes of tip elements the semi frame, the rear axle and semi-axis are
represented by more complete, precise and smooth tip elements. Cup bearings are also
represented by tip elements (Figs. 5, 6).

Fig. 4 Basic calculating scheme of gearbox components
a) Rear axle (view inside), b) Rear axle (view outside)

Fig. 5 Adjusted calculation scheme of tractor semi frame (a) and
gearbox of rear axle (inner walls) (b)

As a result the calculation scheme is made for the whole structure.
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a) b)

Fig. 6 Adjusted calculating scheme of gearbox components
a) Rear axle (view inside), b) Rear axle (view outside)

Research results

It is very important to best divide the walls into elements when making calculation
schemes. The dimensions of these elements in different parts of the calculation scheme are
chosen taking into account the shape of the structure, the type of load, the boundary
conditions and expected degree of accuracy of the calculation [1].

For example, to ensure the correct modeling of the load distribution and voltage
distribution of the cup bearing holes under the valves they are evenly distributed over a
smaller network. In this case, the size of the network element is agreed with the characteristics
of the whole wall partition and is determined based on the degree of accuracy of the
calculation. Taking into consideration that the forces on the cup bearings are transmitted
directly from the rolling bodies, it can be assumed that the most accurate results will be
obtained if the cup bearing supports and the rolling bodies are divided into an equal number
of tip elements. However, such a division would require a large number of tip elements,
which would lead to an increase in the calculation time or rounding error. This type of
division is acceptable only in the case of accurate calculations of strains and deformations in
the localized zones of the holes with an accurate calculation scheme.

It is advisable to divide the schemes into 10-12 elements when studying the contours of
holes using the basic calculation scheme. In this case, the error of the forces transmitted on
the cup bearing supports will be less than 4% [4].

It should be noted that the abrupt change in wall thickness of the gearbox in the network
of tip element is taken into account by equating the element boundaries with the thickness
transition boundaries.

The radii of the welded parts are not taken into account as it will lead to unjustified
crushing of the net. Coupling of gearboxes, clamps, ears as well as cup bearings and covers in
base-adjusted schemes is done with tip shaft elements [3].

The structure of the tractor frame is not proportional to the vertical plane, due to which
there are bearing supports and covers on the side wall of the gearbox and clutch. Besides, the
estimated values of the loads also do not ensure the symmetry of their application points.

Conclusion
For the study of SDC of the tractor frame and its elements, rational calculation schemes
of tip elements with different complexities (simplified, basic, adjusted) have been developed.
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They are intended to give a quantitative-qualitative assessment of the stiffness and strength
characteristics of the frame.

From the analysis of the shaft model of the frame, it became clear that the proposed
model of tip element has a simple structure, provides computational efficiency and allows a
preliminary assessment of the rigidity profile of the frame.

With the help of compiled calculation schemes, it is possible to estimate the strain-
deformation condition of the tractor bearing system in case of any operating conditions with a
high degree of accuracy.
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USR 82 vuuuhCh Sruusnrpr crutuubh <UC4UNHYU3hL
UhbUU3bh buunhuL

Jwpnuwiywu 4.U.', Cwynpju U.U.2
'Cuywuypwth wqquyhti wgpwpuyht hwdwuwpwb
2Cnphh pbputininghwywt hwdwuwpwb

Spwywnph  opowtwyh jwpjwownbdbnpdwghnu  pdéwyh (L) qlUwhwwndwu
twywwwyny wnwowpyynwd £ dbpowynp wwppbipph dbennp,  Ywqddbp L wwppbp
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pwpnnueyniuttph - (wwpqbigjwsd, pwquiht, 6Gangnpndwd) nwghntwy  hwaywplwihu
utubidwubip:

Mupqtigywd ufubidwu (Yuaqddwsé 49 hwugnyghg U 53 wwppbphg), Ywaqdyb| &
thnpduwlwu hbnwgnunnieiniuubph nyjwubph hhdwu Yypw (uy. 1): dbpowynp wmwppbipp
wju  dnnbp nwh wwpgq Ywnnigwop, wwwhnynd £ hwodwpyh owbpwunpynieiniu L
huwpwynpnieiniu £ wwihu Yuwwpb] 2powtwyh Ynonniejwu punypwanph bwfutwlywu
guwhwuwnw: Uplunyu dwdwuwy wnwowpyynn wwpgtigywsd ufubidwt sh wwwhnynwd
opowuwlh  wwppbipnd nEdnpdwghwih W wpnwubph pwotudwt punyewagph W npwug
dtdnipyniuubiph pwpdp d2gpunnie)nil:

Jdbpowynp wwppbph pwquiht  (Yuqdwd 1250 hwugnyghg W 2200 wnwppbphg)
ufudwubipp (UYy. 2, 3, 4) oqunypjwdp huwpwynp £ nwunwWuwuphpb] mpwyunnph 2powtwyp
Ynawiniejntutl nu wdpniejnlut wnwudhtu, Ywd Jdhwuht gbipgpwé wpuwphtu W ubipphu
ndtiph  wgnbignypjwu  nbwpnd, puswybu  twb  qUwhwwb]  wwwnbuwwnuhbph L
wwpnipwywipu - dhwgniejniuubiph - Ynonngjwt punipwgph  wignbignyeniup,  npwug
lwnpywoéwntpnpdwghnu  Jphdwyh dpw, uwngl opowtwyh quugwsdh ujwgbigdwu
uywwwyny wnwownyynn Yunnigwdpp:

dbpowynp wnwpptiph 62gpnywd (Yugdgwsd 2300 hwugnyghg b 3270 wnwppbphg)
ufubdwubipp (uy. 5,6) Ywquynwd Gu opowtwyh b wnwudhtu mwpptiph nE$npdwghwip
W jwpnudubiph pwofudwt punypwapp  G2gpundwd  hwywuwpnwdubph, huswbu twl
dhwutwlwu upubdwh  Jpw  wnpwlunph  opowtwyh b wpwuudhuhwih Ld-h
nwnwuwuhpnyejwu hwdwn:

Ywguywd hwodwnplwjhu ufubdwubiph oquniejwdp, dtd Gogpwniniejwdp, huwpwynp &
guwhwuwnb wpwywnph Ypnn hwdwlwnpgh jwpjwdwntbnpdwghnu yhdwyp guuluguwsd
owhwagnpdwlwu wwjdwuubph nbwpntd:

Pwtuwgph pwnbp. Upnn wwpp, 2powtwl, (wpjwéwntdnpdwghnu  yhbwy,
hwoqwpywihtu upubidw, ytippwynp wwppbiph dbenn, wwpgtigwsd ufubidw, 6G2gpnywsd
ufubidw, pwquwihtu ufubidw, hwugnyg, &nnwjhu wwnp, dnnGwynpnid, ybpowynp wmwppp
dnnb|, wquunipjwl wunmhbwu:

COCTABJIEHUE PACYETHOM CXEMBI PAMbBI
TPAKTOPA MT3 82

1 2
Bapnansn B.A.', Axkonsin A.C.
'Hayuonansnoi aepapuuiii ynusepcumem Apmenuu
*[IIywunckuii mexnono2uueckutl yHusepcumen

st oneHKW HampspbkeHHO-aegopmupoBanHoro coctosiaus (HIAC) pambl TpakTopa
MPEUIOKEH METOJl KOHEYHBIX JIEMEHTOB M COCTABJIEHBI PALMOHAJIBHBIC PACUETHBIE CXEMBI
Pa3IUYHOM CIIOKHOCTH (YIPOITIEHHBIE, 0a30BbIC, YTOYHEHHBIE).

VYnpouieHHas cxema (cocrosimas u3 49 y3noB u 53 37€MEHTOB) COCTaBJI€HA HA OCHOBE
TAHHBIX IKCIEPUMEHTAIbHBIX HCCIeAOBaHUN (puc.l). DTa MoOJenb KOHEUHBIX 3JIEMEHTOB
UMEET TPOCTYIO CTPYKTYpPY, OOECHeuMBaeT ONEpaTHBHOCTh pacueTa M JaeT BO3MOXKHOCTD

IIPOU3BECTH MPEABAPUTENBHYIO OLIEHKY XapaKTEPHUCTHUK >KECTKOCTH paMbl. B To ke Bpems
90



MACHINE INDUSTRY AND LOGISTICS
npeyiaraeMasi yIpoIleHHass cxeMa He 00eCleYMBAET BBICOKYIO TOYHOCTh XapaKTEPUCTHUKH
nedopMaluu 1 pacpeeeHns HallpsDKEHUH B DJIeMEHTaX pambl U UX BEJTHUHKH.

C momortipio 0a30BBIX CXEM KOHEYHBIX JIEMEHTOB (cocTtosmux u3 1250 y3moB u 2200
anemMeHTOB) (puc. 2, 3,4) MOXHO HCCIEAO0BAaTh KECTKOCTh M MPOYHOCTh paMbl TPAKTOpa IO
OTJIEIbHOCTHU WJIM BMECTE IMOJ1 BO3/ICHCTBUEM BHEIIHUX U BHYTPEHHUX CHJI, a TAK)XKE OLIEHUTh
BIIUSTHUE XapPaKTEPHUCTUK >KECTKOCTH KOpPOOOK mmepenad u pe3bOOBBIX COCTUHEHUH Ha HX
HANPSDKEHHO-1e()OPMUPOBAHHOE COCTOSIHHE, TMPOBEPUTH KOHCTPYKIHIO, MPEAaraeMyro c
[EJTbI0 YMEHBIIICHHSI MaCChl PaMBbl.

YTouHEHHBIE CXEMBI KOHEYHBIX 3JeMeHTOB (coctosmue u3 2300 y3moB u 3270
a7eMeHTOB)  (puc.5,6) COCTaBIAIOTCS Il  YTOYHEHHUS] ypPaBHEHUH  XapaKTEPUCTHK
nedopMauu U pacrpeiesieHUs] HANpsSHKEeHUH paMbl U OTIENbHBIX 3JIEMEHTOB, a TaKXkKe IUIs
n3ydeHus pamel Tpakropa u H/IC TpancMuccuu Ha €IUHOM CXeMe.

C nomouIb0 COCTaBICHHBIX PACUETHBIX CXEM, C OOJIBIION TOUHOCTHIO MOXKHO OLIEHUTh
HaANPSOKEHHO-e()OPMUPOBAHHOE COCTOSIHIE HECYIIEH CHCTEMBI TPAKTOPA B JIFOOBIX YCIOBHUSIX
IKCILTyaTaIuu.

Knrouesvie cnoea: Hecymuii OdJIEMEHT, paMa, HAMpsHKEHHO-ACPOPMUPOBAHHOE
COCTOSTHUE, pacyeTHasl CXeMa, METO/I KOHEUHBIX AJIEMEHTOB, YIPOIICHHAs CXeMa, YTOUHEHHAs
cxema, 0a3oBasi cxema, y3el, CTEp)KHEBOH 3JEMEHT, MOJCITUPOBAHUE, MOJAEIh KOHEYHOTO
DJIEMEHTA, CTEIEHb CBOOOIEI.
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