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Purpose. Development of a design procedure of tooth bending durability upon incomplete tooth contact by a
finite element method and its application for research of a stress state of tumbling mill open gearing.

Methodology. Calculation of the stress state is carried out with the finite element method. At the first stage
the design model is formed. Further the construction and discretization of gearing geometrical model is done tak-
ing into account an axis misalignment angle. Displacements and stress in a tooth gearing upon incomplete tooth
contact are calculated. Received distribution diagrams of displacements and stress are used for calculation of tooth
bending stress.

Findings. The article is devoted to the development of a design procedure of tooth bending durability taking
into account gearing errors. The current state of the issue of tooth bending durability calculation upon incomplete
tooth contact is investigated. The factors having a significant impact on a gearing error are defined. It is shown that
the greatest impact on tooth gearing durability has an inclination angle of teeth in the plane of teeth contact. The
estimation of the value of total inclination angle of teeth of tumbling mill MILIPTY 4500 x 6000 is given. The de-
sign model for calculating the tooth bending durability upon incomplete tooth contact with the finite element
method is proved. Comparison of the results of calculation by the developed technique and by the engineering of
1SO 6336-1:2006, 6336-3:2006 is made. It is shown that the existing engineering technique does not consider the
features of large-sized tooth gearings stress state technique enough. The correction factors which allowing adapt-
ing an engineering technique for calculating tooth bending durability upon incomplete tooth contact are calcu-
lated.

Originality. Significant influence of the central plate on tooth bending durability is established. It is estab-
lished that upon incomplete tooth contact the load is distributed linearly along the theoretical line of the contact.

Practical value. The algorithm of a design procedure of tooth bending durability upon incomplete tooth con-
tact with the finite element method is developed. The quantitative estimation of tooth bending durability of tum-
bling mill MIIIPTY 4500x6000 open gearing is received.
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Introduction. Tooth gearings are the most com-
mon elements of machine drives. The existing tendency
of increase in individual unit capacity of tumbling mills,
tube mills and ball mills, as well as tube furnaces has led
to creation of the high-loaded tooth gearings with a

© Vinogradov B. V., Fedin D.O., 2016

ISSN 2071-2227, HaykoBui BicHuK HI'Y, 2016, N 3

torque on a shaft of about hundreds and thousands kil-
onewton per metre. Reliability of such machines essen-
tially depends on reliability of tooth gearings.

Practice shows that the common cause of large-
sized tooth gearings fatigue involves errors of gearing
design due to inaccurate determination of load capac-
ity of gearings [1]. Inaccuracy of gear manufacturing,
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elastic deformations of gears, shafts, supports and
teeth, wear of bearing brass, foundation subsidence
and face runout of a rim lead to nonuniform distribu-
tion of loading along the length of contact lines. To
calculate loading capacity of spur and helical gears ac-
cording to the AGMA [2, 3] and ISO [4, 5] standards
the Navier equation are used; the standards were ob-
tained in the assumption of uniform distribution of
load and correcting factors which consider the incon-
sistency between theoretical and real load distribution.
These correcting factors are obtained under operating
conditions of gearings of general mechanical engineer-
ing and they do not consider the loading conditions of
the heavy-loaded gearings precisely enough. The ap-
plication of modern computer aided engineering sys-
tems (CAE-systems) along with the methods of theory
of elasticity allows estimating the actual behaviour of
the computer model under operation conditions and
ensuring operability of a product without significant
time consumption and finance. However, the applica-
tion of design procedures on the basis of CAE-systems
is a knowledge-intensive process requiring careful
analysis of data and verification of results. Thus, the
development of a reliable gearing design procedure is
quite topical.

Analysis of the recent research. Due to the in-
tensive wear process and plastic deformations of teeth
working surfaces the running-in occurs during the op-
eration period. The running-in induces redistribution
of loadings across the gear width, conducive to their
alignment. However, occurrence of the variable com-
ponents of a gearing error leads to the failure of com-
plete load distribution. As a result, a shift of the line of
contact occurs (Fig. 1).

There are a lot of scientific works which are devot-
ed to the theoretical and experimental study of the ef-
fect of gearing error on the stress state of gearing.
Among them works [1, 6—10] can be pointed out.

Applying FEM, Hani A. [6], and later Lias M.,
Khan M. [6] showed the essential effect of a misalign-
ment on bending stiffness of the rigidly fixed tooth.
Thus incomplete contact was simulated by the appli-
cation of non-uniformly distributed loading according
to the parabolic law. Shuting Li [8, 9, 10] experimen-
tally investigated the non-uniformity of load distribu-
tion on tooth width of small module ring gears (the
torque is 294 N - m) in a transmission and has also
shown that the load distribution along the line of con-
tact is close to the linear one (Fig. 2). With the use of
FEM the design procedure of a solid gears stress state
upon incomplete tooth contact is developed. It is
shown that a skew corner in the tooth contact plane ¢;
influences the stress in the tooth root the greatest
(Fig. 1). The dependence of the maximum bending
stress on a distortion corner ¢; has linear character.

Sanchez, Pedrero and Pleguezuelos used the ana-
Iytical model which considers nonuniform distribu-
tion of loading along the length of the contact line.
The model is based on the potential energy of the elas-
tic strain and linear strain of teeth. Considering the
load distribution law, the model allows defining the
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Fig. 1. Specification of components of a gearing er-
ror:
A — the plane tangent to a working surface of tooth;
S — the plane of teeth contact; PO — the contact line
in the absence of gearing errors; PO, — the contact
line at parallel shift of axes; &, — parallel shift of
axes; €,, €3 — Skew corners of axes in the planes A

and S respectively
Contact Patch
F/b
AT g
7
Lo Actual load
— ] distribution
< A
I Panmmn
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Z distribution

Fig. 2. Load distribution along the line of tooth
contact upon complete and incomplete contact:
F — normal force, b — width of tooth; z — longitudi-
nal coordinate

position and value of the maximum bending stress in
the tooth root.

The works listed above are devoted to the research
of small module ring gears of the general mechanical
engineering. In work [1] it is noted that the gears of
complex design are used in large-sized tooth gearings;
their stiffness is considerably non-uniform across the
width of the contact line. Elastic deformations of a
gear contribute significantly to the size of a skew cor-
ner of teeth. Experimental studies were conducted re-
garding the non-uniformity of loading distribution
along the length of contact lines in a spur gear open
tooth gearing of mill MILIPTY 4500 x 6000 at Mikhay-
lovsky mineral processing plant with use of strain gage
equipment. The results have shown, that even after the
teeth running-in, the considerable non-uniformity of
loading distribution is observed. With the width of a
gear of 800 mm before and after running-in, the length
of the loaded part of tooth has made 395 and 702 mm
respectively. Linear nature of loading distribution is
observed simultaneously. At the present time there is
no reliable design procedure of estimating stress state
of large-sized tooth gearings which allows considering
the above-stated features of loading.

Objective of the study is the development of a reli-
able design procedure of calculating the stress state of
large-sized tooth gearings with the use of FEM which
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allows considering the non-uniformity of loading distri-
bution along the length of contact lines due to gear cou-
pling misalignment and elastic deformation of gears.

Statement of the problems. To reach the stated
objectives of the study, the contact interaction prob-
lem of ring gear and pinion is solved. The present task
features the discrepancy of theoretical contact lines of
ring gear and pinion teeth which results in considera-
ble stress concentration in local area of working sur-
face and tooth root. The complex design of the gear
rim causes significant 3D deflected mode and possi-
bility of stress concentration in a rim body. To succeed
in achieving the purpose, it is necessary:

- to construct a three-dimensional geometrical
model of ring gear and pinion;

- to set an exact relative position of ring gear and
pinion taking into account the calculated value of a
skew corner of teeth;

- to make a rational FE discretization of the geo-
metrical model considering the expected places of
stress concentration;

- to apply the constraints and calculated loading;

- to carry out the calculation and to compare the
results of the calculation to those of experimental stud-
ies, than to confirm adequacy of the developed design
procedure.

Substantiation of the analytical model. In the
present study the open tooth gearing of tumbling mill
MIIPTY 4500 x 6000 is investigated. The geometrical
model of a tooth gearing is constructed according to
drawings of the manufacturer and the data are present-
ed in Table 1. At the same time such features of the
design as chamfers, mounting holes and the neigh-
bouring teeth are excluded, as being insignificant. The
form of ring gear 2 (Fig. 3) is limited by 120° rigidly
fastened segment, the pinion 1 is the solid cylinder with
one degree of freedom. The diameter of a pinion land-
ing surface 3 is no more than 2/3 of the pinion diame-
ter. The torque is applied to landing surface 3 and its
value is presented in Table 2. The longitudinal plane of
symmetry of the ring gear tooth 4 coincides with the
longitudinal plane of symmetry of the gusset 5.

To bring the geometrical model in accordance with
the analytical model, the pinion is rotated according to
the misalignment angle y calculated beforehand in the
contact plane S. Contact plane .S passes through the
theoretical lines of contact the working surfaces of the
gear rim and pinion teeth. At the same time teeth
touch each other at point P — the extreme point of the
contact line of on the working surface of tooth.

Discretization of the model is carried out by splitting
the model into tetrahedron finite elements. Since the
big gradient of stress is expected in the area of the con-
tact line and point P, the grid compaction is carried out
in the specified area to ensure the calculation accuracy.
The contact type is contact with friction (the friction
coefficient is 0.05). Recommended SAPR — FreeCAD,
the grid generator — GMSH, the processor and the
post-processor — Calculix being the free software.

Results of calculations and their discussion.
The maximum misalignment angle is calculated by
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Table 1
Key geometrical parameters of gear pair
Parameter Symt?ol, MILPTY 4500 x 6000
unit pinion ring gear
Number of teeth 4 28 252
Tooth width b, mm 800 800
Pitch diameter d, mm 700 6300
Pressure angle a,’ 20
Normal module m, mm 25
Axle base a,, mm 3511
Table 2
Initial data on the load of tumbling mill MILIPTY
4500 x 6000
Parameter Symbol, unit | Value
Rotational frequency of pinion n;, rpm 150
Torque T, xN-m 159,155
Gear-ratio u 9

Fig. 3 Geometrical model of gearing:

1 — pinion; 2 — ring gear; 3 — landing surface of
pinion; 4 — gear tooth; 5 — gusset

Petrusevich formula

Ymax = Vs Vas (1)

where y; is the misalignment angle, caused by face
runout of ring gear; y, is the misalignment angle,
caused by manufacturing and assembling errors.

Misalignment angle y;, caused by face runout of
ring gear is calculated on the basis of the technical
specifications of the manufacturer, NKMZ, according
to which the face runout Ay, for ring gears with di-
ameters d, = 5—8 m should not exceed 1.2—2.0 mm.
Then, assuming Ag,,.« = 1.2 mm and d, = 6300 mm
(Table 1)

vs=1.2/2 3150 = 0.190 - 102, ©)

Misalignment angle y,, caused by manufacturing
and assembling errors, is calculated as
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Fig. 4. Analytical model:
1 — pinion, 2 — ring gear; a,, a, — axis of rotation of
ring gear and pinion; S — contact plane; P — pitch
point; T — torque; y — misalignment angle

Yo =T 1547, 008 (o0, )+ ¥2sin’ (o, ), (3)

where vy, ., is ratio of total alignment error of tooth to
working tooth width of pinion and ring gear respec-
tively, making 0.052 - 1073; Y7, are skew angles and
axis misalignment respectively, which can be assumed
as 0.3 - 1073 according to the assembling tolerance; a,,
is axle base (Table 1).

Substituting the selected values in the formula (3),
we get

Y, = \/+y§2 +v2 cos’ (o, )+ sin’ (0, ) =

=12:0.052:10°) +(0.3-10°)?-0.940 +(0.3-10°)*0.342 =
=0.309-107,
then, substituting the received value in (1), we get

Y= Vs + Ya= 0.309 - 1073+ 0.190 - 10-3=0.499 - 103,

The results of the solution of the contact problem
of gearing are presented in Fig. 5—6. In Fig. 5 a three-
dimensional diagram of equivalent (Von-Mises) stress
is presented, it occurs in a body of ring gear at value of
misalignment angle ¥ = V,ax-

The form of the contact patch presented in Fig.5
gives evidence of incomplete tooth contact due to skew
angle. Stresses are distributed non-uniformly in rela-
tion to the central web of the ring gear. In Fig. 6 the
curves of equivalent (Von-Mises) stress in tooth root
are presented. Line 1 corresponds to complete con-
tact; line 2 corresponds to incomplete contact. It is
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Fig. 5. Equivalent (Von-Mises) stress in a ring
gear of open tooth gearing of mill MIIIPTI'Y
4500 x 6000 under y,,,= 0.499 - 103

o, MPa
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80 /

60 /

e
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Fig. 6. Equivalent (Von-Mises) stress 6 in the root
of dangerous tooth of ring gear with length of b of
open tooth gearing of mill MIIIPTI'Y 4500 x 6000:
1 — Y= 0; 2 — Y1ax= 0.499 - 107%; 3 — linear interpo-
lation of line 2

shown that upon incomplete contact of tooth the
stresses in tooth root are distributed according to the
law which is close to the linear one. The calculated
facewidth b, is of 550 mm.

Table 3 presents the results of gearing stress calcu-
lation. Data achieved by using ISO 6336-1, 6336-3 and
FEM calculation technique are presented below.

Face load factor (root stress), K, is calculated on
the basis of tooth root equivalent stress diagrams ob-
tained using FEM by formula

c
K= —(:F“; ;
where 6, and op, are the maximum and average
values of equivalent normal stress in tooth, MPa. Then
face load factor (contact stress), Ky, is defined ac-
cording to [5].

Calculation of maximum tooth stiffness per unit
facewidth (single stiffness) of a tooth pair is done by
formula

¢,=F,/(6xb),

where F,, is normal force, kN; 8 is displacement along
the contact line in the direction of the line of action, um.
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Table 3
Results of stress calculation of open tooth gearing of
mill MIIPTY 4500 x 6000
Calculation technique
Parameter Complete Incomplete
contact contact
FEM | ISO | FEM 1SO
Face load factor (root 1.075 1 2.69 3.79
stress), Kp (2.76)
Face load factor 1.081 1 2.90 4.19
(contact stress), Ky (2.98)
Maximal tooth root 38.42 | 76.49 | 99.60 | 289.70
stress, 6, MPa (105.4)
Mesh stiffness, 6.30 | 12.50 | 6.30 | 12,50
¢,, KN/mm x um (6,30)

Table 3 shows that the data obtained by the method
of ISO 6336-3:2006 have overstated values of stress in
case of complete and incomplete contact. The reason
lies in the overstated value of mesh stiffness c,. The
method of stiffness calculation does not consider the
flexibility of gear body properly. This, in turn, results
in the overstated value of face load factor K. Factor
Cr, which considers the effect of tooth form on mesh
stiffness [5], does not consider the presence of cutouts
in web and gussets (Fig. 3). The results of FEM calcu-
lations show that factor Cjy is to be multiplied by the
correction factor of 0.5.

The data obtained confirm the experimental data
obtained by B.Vinogradov [1]. He showed the mis-
match of calculated stiffness to stress state of ring gear.
Indeed, substitution of b,,, = 550 mm and K, = 2.98
in the formula for calculating Kz under condition of
incomplete contact (K > 2) [3]

K _ 2ﬁl;yc“/

m

b

gives ¢, = 7.5 KN/mm - um. This value corresponds to
the value obtained by the developed technique within
the accuracy of 15 %.

Furthermore, within the ISO method of calculating
load capacity only the rim thickness factor, Y5, consid-
ers the design of ring gear. As the investigations show,
factor Yy is correct in case of solid web and symmetri-
cal position of the web relating to the rim. Otherwise,
the value of factor Y must be corrected by analysing
carefully the three-dimensional stress state of the ring
gear. The results of FEM calculation show that factor
Ypis to be multiplied by the correction factor of 0.5.

In Table 3, the data of bending strength calculation
along with the corrected values of factors Crand Y5
are presented in parentheses. The data lead to the con-
clusion that application of corrected values of factors
Cr and Yj allow conforming the methods of ISO
6336-1 (Method C), 6336-3 (Method B) to high-load-
ed tooth gearings.
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Meta. Po3pobka METOAUKN pO3paxyHKy MaKCHU-
MaJIbHOI KOPCTKOCTiI Mapu 3y0iB MpU OZHOMAPHOMY
3a4erUIeHHi 3y0UacTuX KOJIiC METOAOM KiHIIEBUX eJie-
MEHTIB Ta 11 BUKOPUCTAHHS JJIs OLIIHKU XKOPCTKOCTi
3a4erUIeHHS BiZIKpUTHUX 3yOUacTux repenad oapabdaH-
HUX MJIMHIB.

Metomuka. PospaxyHOK HampykeHOo-IedopMo-
BAHOIO CTaHY 3MiMACHIOETHCS METONOM KiHIIEBUX eJie-
MeHTiB. Ha nepiiomy etari (oopMy€eTbCsl po3paxyHKO-
Ba cxema 3a1adi. Ha 6a3i reomeTpryHUX IMapaMeTpiB Ta
KpeclieHb 3MiCHIOETbCS MOOYAyBaHHS TPUBUMIipHOI

39




FTEOTEXHIYHA | TIPHWYA MEXAHIKA, MAIWWHOBYYBAHHA

TeOMETPUYHOI MOAeJTi 3y6YacToro 3ayeruieHHs. 3ana-
I0ThCs (PiI3MYHI XapaKTepUCTUKN KOHCTPYKIIIAHUX Ma-
TepiajiB. [eoMeTpruuHa MOIEIb PO30UBAETHCS HA KiH-
1eBi eeMeHTH. 3aJaloThCsl TPAHUYHI YMOBH, IO 3a-
0e3neuyoTh KiHEeMaTM4YHY HEe3MiHHICTb Mo#dedi, Ta
YMOBHM KOHTAKTy POOOYMX MMOBEPXOHD 3y0iB. 3a1a€Th-
CsI 30BHIIITHE HABaHTAXXEHHS Y BUIVISII KPYyTHOTO MO-
MEHTY, 1110 IPUKJIaJeHUI 10 IIeCTEePHi. 3MilICHIOEThCS
ylcelibHEe PO3B’sI3aHHS PiBHSIHb piBHOBaru. BusHayva-
€TbCSl MiHIMaJIbHE MEPEMILLEHHS B310BX KOHTaKTHOI
JIiHii 3y6iB. OOUMCITIOETHCS KOPCTKICTh Mapu 3y0iB.
PesyasraTu. CtaTTs NpUCBsiYEHa pO3POOLI METO-
MUKW PO3PAXYHKY XKOPCTKOCTI BIIKPUTUX 3yO4acTUX
nepenay 6apadbaHHUX MJIMHIB. JLOCTIIKEHO cydacHUI
CTaH MUTAaHHS PO PO3PaXyYHOK JKOPCTKOCTi 3y0Uac-
X nepenad. OcobanBy yBary NpuIijIeHO HETOIiKaM
iCHYIOUMX CTaHIApPTIiB CTOCOBHO BEJIMKOrabapUTHUX
3ybuactux nepenad. [lokazaHi nepeBaru MeTomy KiH-
LIEBUX EJIEMEHTIB IIPU PO3PaxyHKy AedOpMOBAHOIO
CTaHy ejJeMeHTiB 3ybouacToi nepenadi. [IpeacraBiaeHo
aJITOPUTM i METONUKY PO3PaxyHKY >KOPCTKOCTi 3y0-
yacTUX nepenay 3a JOIMOMOT00 METOAY KiHLIeBUX eJle-
MEHTIB, 3IiACHEHO OOIPYHTYBaHHS T€OMETPUYHOL
MoOJie/li Ta pO3PaxyHKOBOI CXeMU. AJITOPUTM po3pa-
XYHKY BKJIIOYA€ MOOYAOBY F€OMETPUYHOI MOJEi Te-
penmadi, 3aBHaHHS MEXaHIYHWX BJIACTUBOCTE KOH-
CTPYKULIMHUX MaTepianiB, pO30UTTSI TeOMeTPUYHIi
Mozesi Ha KiHLEBi eJIeMEHTM, pO3PaxyHOK MepeMi-
IIEHb i )KOPCTKOCTI 3aueTyieHHs. 3po0JieHe TTOPiBHSTH-
HSI pe3yJIbTaTiB po3paxyHKY KOPCTKOCTI 3y04acToi Iie-
penaui 6apabanHoi mianHu MILPTY 4500 x 6000 3a
pPO3PO0OIEHOI0 METONUKOIO, CTAHIAPTHOIO METOIMKOIO
Ta pe3yabTaTiB e€KCIePUMEHTAJbHOIO IOCTiIKEeHHS.
BcTaHoBeHO 3HaUHE PO3XOMXKEHHSI Pe3YJIbTaTiB CTaH-
JMApTHOI METONWMKM Ta pe3yJbTaTiB eKCIIEPUMEHTIB.
IMoka3zaHo, 1110 po3po6ieHa MeTONMKA AA€ OibII TOY-
HY OLIIHKY >XOPCTKOCTi 3aBASKU MOBHIIIOMY Bpaxy-
BaHHIO KOHCTPYKTUBHIX OCOOJTMBOCTEH BiHIIS.
HaykoBa HoBu3HA. BcTaHOB/IEHO iCTOTHMIT BIUTUB
KOHCTPYKIIii LIEHTPaJILHOIO AMCKA BiHIIS Ha MILIHICTh
3y0a npu 3ruHaHHi. BcTaHOBIEHO, 1110 TIpU HETTOBHO-
MY KOHTAaKTi 3y0iB HaBaHTaXKEHHSI PO3NOAISIETCS JTi-
HIMHO y3I0BXK TEOPETUYHOI JIiHil KOHTaKTYy 3y0iB.
IIpakTuyHa 3HAYUMICTh. PO3p006s1eHO anroputm
METOIUKU PO3PAXyHKY KOPCTKOCTiI BiIKPUTHUX 3y0-
yacTUx Tepenady 6apabaHHUX MJIMHIB METOAOM KiH-
LeBUX eJeMeHTiB. OTpuMaHa KiJibKiCHa OIlliHKa 3TU-
HaJIbHO1 MilTHOCTi 3y0a BiAKpUTOI 3y0UacToi nepenayi
GapabanHoro manHa MILIPTY 4500 x 6000.
KmouoBi cioBa: 6apabannuii mauw, 3youacma
nepedaua, JHCOpCMKICMb, Memoo KiHUeBUX eNeMeHMIE

Iean. Pa3zpaboTka METOAUKU pacyeTa KeCTKOCTU
napbl 3yObeB IIPU OMHOIIAPHOM 3alleIUICHUN 3yOda-
TBIX KOJIEC METOIOM KOHEUHBIX 2JIEMEHTOB U TIPUMeE-
HEHUEe e¢ JUIST OLICHKW KeCTKOCTHU 3alleIUICHUs OT-
KPBITBIX 3y04aThIX nepegad 0dapabaHHBIX MEJIbHULI.

Metomuka. Pacyer HanpspkeHHO-IedOpMHUpPO-
BAHHOTO COCTOSIHUSI OCYIIECTBIISIETCSI METONOM KO-
HEUYHBbIX 2J1eMeHTOB. Ha mepBoMm aTane ¢hopmMupyercs
pacyeTHas cxema 3amgauu. Ha ocHoBaHMM OCHOBHBIX
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TEOMETPUICCKUX ITapaMeTPOB M YePTEKEH ITPON3BO-
IUTCS TIOCTPOCHUE TPEXMEPHON TeOMETPUUICCKOMN
Momean 3youaToil rmepemadn. 3agaoTcs GU3nIecKue
CBOICTBa KOHCTPYKIIMOHHBIX MaTepuanioB. [eome-
TpU4ecKasi MOIeNIb pa30MBaeTCsl Ha KOHECYHBIC 2JIe-
MEHTBI. 3aIal0TCsl TPaHUYHBIC YCIOBMSI, OOCCTIeUn-
BaloIIe KMHEMAaTUYECKYI0 HEU3MEHSIEMOCTh MOJIE-
JIM, ¥ YCJIOBUSI KOHTaKTa pabovyrX IMOBEPXHOCTEH 3y-
ObeB. 3aaeTcsl BHEITHSISI HArpy3Ka B BUIAE KPYTSILETO
MOMEHTa, MPUIOXKEHHOIO K IMOCaJ0YHOU MOBEPXHO-
cty 1mectepHu. [Ipou3BOIUTCS YUCIEHHOE pellieHue
ypaBHeHMIT paBHOBecus. OnpenesieTcss MUHUMAIThb-
HOe TIepeMeIleHNe BIOJIb KOHTAKTHOW JIMHUU 3Y-
ObeB. PaccuuThiBaeTCs KeCTKOCTh TMaphbl 3yObeB.

Pesynbrarel. CTaThsl TOCBSIIIEHA pa3pabOTKe Me-
TOIWUKH pacyeTa KECTKOCTH OTKPHITHIX 3yOJaThIX TTepe-
nauy GapabaHHBIX MelabHULL. KcciaemoBaHO COBpeMeH-
HOE COCTOSTHME BOIIPOCAa O pacyeTe >KECTKOCTH 3y0Ja-
ThIX epenad. Ocoboe BHUMaHNME yAeJICHO HETOCTaTKaM
CYIIECTBYIOLIUX CTaHAApTOB MPUMEHUTEIBHO K KpPYI-
HorabapuTHBIM 3yOuaTbiM nepenadaM. I1lokazaHsbl mpe-
UMYIIECTBA METOA KOHEYHBIX 3JIEMEHTOB IpY pacyeTe
neOPMUPOBAHHOTO COCTOSTHUSI 2JIEMEHTOB 3y0uaToid
niepenaun. [IpencrasieH aIropyuT™ 1 METOIMKA pacyeTa
JKECTKOCTH 3yOUaThIX Tiepeiad ¢ TIOMOIIBIO MeToa KO-
HEUYHBIX 3JICMEHTOB, OCYIIIECTBICHO 0OOCHOBAHME TCO-
METPUIECKOM MOIEIN W PaCUETHOI CXeMBbI. AJITOPUTM
pacyeTa BKIIIOYaeT ITOCTPOCHUE TeOMETPIICCKOI MOIe-
JIN TIepenavu, 3agaHhe MeXaHWYeCKMX CBOMCTB KOH-
CTPYKIIMOHHBIX MaTepHaJiOB, pa30MeHNEe TreoMeTprude-
CKOI1 MOZIeT Ha KOHEYHBIE 2JIEMEHTHI, pacueT rmepeMe-
ILIEHUH 1 XecTKoCTH 3aterieHus1. [IponsBeneHo cpas-
HEeHUeE pe3yJIbTaTOB pacueTa XeCTKOCTU 3y0uaToii mepe-
naun 6apabaHHoi MeabHULIBI MILIPTY 4500 x 6000 o
pa3paboTaHHON METONMKE, CTAaHIAPTHON METOmuKe 1
pEe3y/IBTaTOB  3KCIIEPUMEHTAIBHOTO  MCCIIEIOBAHUSI.
'YCTaHOBJIEHO 3HAYUTETHLHOE PACXOXKIIEHNE PE3yIBTaTOB
CTaHIAPTHON METONWKHN W PEe3YIbTaTOB 3KCITCPUMEH-
ToB. Iloka3zaHo, uTo pa3paboTaHHast METOIMKA J1aeT 0O-
JIee TOUYHYIO OLICHKY KeCTKOCTH OJ1aromapst 6oJee IToJI-
HOMY y4eTy KOHCTPYKTUBHBIX OCOOCHHOCTE BEHIIA.

Hayynasi HOBM3HA. YCTaHOBJIEHO CYLIECTBEH-
HO€ BJMSHME KOHCTPYKLIMU IIEHTPAJbHOIO IHCKa
BEHIIa HAa MPOYHOCTh 3y0a Mpu U3Tuode. YcTaHOBIIE-
HO, YTO MpPHY HEIMOJHOM KOHTaKTe 3yObeB Harpyska
pacnpenessieTcsi JUHEWHO BI0Ib TEOPETUYECKOM JI-
HUUM KOHTaKTa 3yObeB.

IIpakTuyeckasi 3HaYUMOCTb. Pa3paboTaH anro-
PUTM METONMKH pacuera IMPOYHOCTH 3yOa Ha M3rud
OTKPHITHIX 3yOUaThIX Tepenad bapadaHHBIX MEJTBHMUII
METOIOM KOHEUYHBIX 371eMeHTOB. [lomydeHa Koamde-
CTBEHHas OlIeHKA M3TMOHOM ITPOYHOCTH 3y0a OTKPBI-
TOol 3yOuaToii Tmepemayu OapabGaHHONW MeJIbHULIBI
MILIPTY 4500x6000.

KiroueBble ciioBa: bapabanuas meavHuya, 3y0-
yamas nepedava, HcecmMKOCHb, Memo0 KOHEUHbIX
91eMeHmo8

Pexomendosarno 0o nyoéaikauii dokm. mexH.

nayxk B.II. Haoymum. /lama nadxoodxicenHs pyKko-
nucy 11.03.15.
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