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STUDY OF THE TECHNOLOGICAL PARAMETERS OF
THERMAL INFLUENCE FOR THE MATING PARTS
WITH CTMA

Findings. In to the article are given the results of theoretical studies, on the basis which
are obtained new scientific approaches to the development of methodology and calculated
dependences for determining the technological parameters of mating parts on the operation of
their uneven heating and low-temperature cooling.

Originality.After accepting for the basis the methods of the theory of elasticity and
thermal conductivity, the author scientifically substantiated the fundamental solutions, which
will make it possible to obtain analytical dependences for determining the changes in the fit
diameters of mating parts with CTMA.

Practical value. On their basis will be occurred the possibility to develop design models
for determining the temperature parameters, changed in the time and ensuring the guarantee of
fulfilling of technological process of assembling connections with the interference with the
presence of temporary assembly-line clearance.

Keywords: the thermal methods of assembling connections with the interference, the
technological parameters of the thermal influence

For the selection of the rational energy-saving technological process, which ensures
assembling connections with the interference of the increased strength, it is necessary to
establish with the design of technology many input construction-engineering factors [1-3], in
particular, the value of a change in the fit diameter of the components and heating temperatures
and cooling for guaranteeing this change.

Object and the methods of the studies. By the subject of a study are selected the
technological parameters uneven heating and the low-temperature cooling of the mating parts
during assembling of connections with the interference with the use of thermal methods. With
the solution of the problems, set in this work, the contemporary methods of the theoretical
studies were used, which be based on the theory of thermoelasticity.

Formulation of the problem. Guarantee of a process of designing the connections with
the interference “heavy interference fits” by design models and by the procedure of the optimum
selection of the technological parameters the technology of assembling by different thermal
methods, in particular, the value of a change in the fit diameter of components, and also
temperatures of their uneven heating and cooling.

Results and their consideration. For determining these parameters will be obtained the
calculated analytical models, which will make it possible to more accurately calculate them
during the uneven heating and the low-temperature cooling. This task will be solved taking into
account supply to the components of heat and cold over their external and internal surfaces, and
also the temperature distribution in their tele- according to the linear or logarithmic laws
depending on their thickness. For the thin-walled components the solution of problem will be
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carried out taking into account the linear law of distribution of temperature on their thickness,
while for the thick-walled - logarithmic.

Dependence between a change in the temperature of body in the space and in the time
establishes the differential equation of thermal conductivity, which takes the form, [4]

2
or e ®

where T — the temperature, which is been the function of coordinates and time, °C; T — the time,
the hour; a — the coefficient of the thermal diffusivity m?/ the hour; r — a radius of the cylinder.

An uneven change in the temperature of body causes in it the appearance of thermal
stresses and deformations. After using generalized Hooke's law and after adding to the
deformations, by the caused thermal stresses, temperature expansions (compression), are
obtained the following formulas for the deformations [2]:

€, Zé(GZ—HGr—HGe)+aTT = ConSt’ o :é(csr—ucz—uce)+0tTT, €y :é(GG—MGX—HGr)-F(XTT (2)

Expressing deformation through the displacements U g, =dU/dr, g, =U/r and

substituting the obtained values for o, and oy in the equation of the equilibrium [4], we will
obtain differential equation for the displacements:

d’U  1dU U _1+p dT (3)
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Solving equation (3) it is obtained dependence for determining in general form the
displacements U:
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After substituting (5) in (4) we will obtain dependence for determining the displacements
in genera form into any time interval
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where T; = T(r) — the law of distribution of the temperature on the thickness of the wall of
component at the assigned fixed moment of the time; r, r; and r — outside, inside and

intermediate (flowing) radii of cylinder, correspondingly, mm; o, — the temperature coefficient
of linear expansion with the heating (compression - during the cooling), 1/K.
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Taking into account that components are divided into the thick-walled, the thin-walled
and the like of shells, in connection with this let us at first examine the case of uneven heating or
cooling the cylinder of the type of thin-walled shell.

Let us examine the process of uneven heating (or cooling) in connection with to thick-
walled cylinders taking into account the supply to them of heat or cold over the external surface
or on the internal.

After considering that by heat- (or cold) brings to the external surface of thick-walled
cylinder and temperature along its thickness is distributed according to the logarithmic law in the
form

r-T, -7, Jring )
"Inr,—Inr,

where T, - temperature on the external surface of the cylinder.

Solving the integrals, entering in (4), taking into account (7) after conversions we will
obtain expressions (8)
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Let us substitute (8) into general solution (4) we will obtain formulas for determining the
displacement on an inside radius r; and external r, of thick-walled cylinder with its heating
outside
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After accepting the designation r, / r; = 1 + m and after substituting it in (9), we will
obtain

U, =U, =0, T —" [(1+m)2 m(“m)}

‘m@2+m) T In(1+m)?
Uy = =0 T -{(nmf— m(z”“)z} ©)
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The obtained by the author these results in the course of theoretical studies of the
technological parameters of assembling the connections with the interference, attained with the
thermal influence, are presented in the works.

Let us examine the case, when heat- brings to the internal surface of thick-walled
cylinder and temperature along its thickness is distributed according to the logarithmic law
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where T, — temperature on the inner cylinder face.

Solving the integrals, entering in (4) taking into account (10) after conversions we will
obtain the solutions

r
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After substituting expressions (11) in (4) we will obtain dependence for determining the
displacement on the internal rl and external r2 radii for the thick-walled cylinder with the heat
supply or cold to its internal surface
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After accepting the designation r,/ r; = 1 + m and after substituting it in (12), we will
obtain
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On the basis obtained analytical results and data of precomputations are established that
with an increase in the thickness of the wall of cylinder the extent of movements U, obtained on
dependences (12, 13) with the logarithmic law of distribution of temperature on the thickness
exceeds the data.

The obtained by the author results in the course of theoretical studies of the technological
parameters of assembling the connections with the interference, attained with the thermal
influence, are presented in the works are confirmed by the experimental-design method.

Important aspect with the development of the methodology of the realization of the
technology of connections with the interference, as it was noted in division 1, is the selection of
the rational direction of the heat supply or cold to the mating parts.

Thus, during assembling of connections with the interference of thick-walled components
in the case of limiting the maximum temperature of heating external member by the possible
structural irreversible phenomena and by the deformations of materials, it is necessary to bring
heat- to the external surface of external member.

The fundamental nature of a change in the extents of movements with with the
logarithmic law of distribution of the temperature in the dependence on the parameter m of the
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thickness of the wall of cylinder, temperature from the source of heat (cold) of 7} on its internal
surface or on the the external of 7}, on the basis dependences is examined based on the example
of cylinder with a radius of the internal surface of 450 mm and external of 550 mm and is
represented in the form graphs, correspondingly, in fig. 1 and 2.

It is established (fig. 1), that the extent of movements U, obtained on the dependence,
with the logarithmic law of distribution of temperature and the heat supply (cold) with the
temperature of T, to the inner cylinder face with an increase in the parameter m (m = ry/r; - 1),
I.e., the thickness of its wall, it decreases for the internal surface, so for the external surface.
Extent of movements U (fig. 2), with the heat supply (cold) with the temperature of T to the
external surface of cylinder with an increase in the parameter m (m = r,/ry - 1), i.e., the thickness
of its wall, increase both for the internal surface and for the external surface.
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Fig. 1. Dependence of the extent of movements U from the relationship of radii of ro/r;=1+m
and temperature of 7, on the inner cylinder face with the logarithmic law of its distribution on
the thickness: a — for the internal surface; b — for the external surface.
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Fig. 2. Dependence of the extent of movements U from the relationship of radii of ro/r;=1+m
and temperature on the external surface of cylinder with the logarithmic law of its distribution on
the thickness: a — for the internal surface; b — for the external surface.

32



ISSN 1813 - 6796 Oobnaonannsn, eneKmpomexHiuHi ma aeMOMAMU3ZOCAHI
BICHUK KHYTJ Ne3 (86), 2015 cucmemu ma KOMnjieKcu
Cepin «TexHiuni HAyKH» Equipment, electrical and automation systems & complexes

In this case, after comparing data (fig. 1 and 2) it is possible to assert that the heat supply
(cold) to the external surface of thick-walled cylinder will make possible to obtain 1,5 - 1,8 times
of a change in the diameters of mating parts with CTMA higher than with the heat supply (cold)
to the internal surface with the equal values of temperatures of 7, and T

On the basis executed theoretical studies and the obtained dependences for determining
the displacements it is possible to create calculated analytical models for the calculated value of
a change in the fit diameter during the uneven heating of external member and cooling included.
These data make it possible to create the methodology of the determination of the assembly-line
technological parameters for the qualitative realization of the technology CTMA of connections
with the interference, in particular, the necessary temperature of mating parts taking into account
of their geometric parameters, thermophysical properties of materials, possible directions of the
heat supply and cold, laws of distribution of temperature.

It is established (fig. 1), that the extent of movements U, obtained on the dependences
(18) and (19), with the linear law of distribution of temperature and the heat supply (cold) with
the temperature of TV to the inner cylinder face with an increase in the parameter m (m = ry/ry -
1), i.e., the thickness of its wall, it decreases for the internal surface, so for the external surface.
Extent of movements U (fig. 2), with the linear law of distribution of temperature and the heat
supply (cold) with the temperature of T} to the external surface of cylinder with an increase in
the parameter m (m = r,/ry - 1), increase both for the internal surface and for the external surface.
Extent of movements U (fig. 2), with the linear law of distribution of temperature and the heat
supply (cold) with the temperature of T to the external surface of cylinder with an increase in
the parameter m (m = r,/r; - 1), increase both for the internal surface and for the external surface.
In this case, after comparing data (fig 1 and 2) it is possible to assert that the heat supply (cold)
to the external surface of cylinder will make possible to obtain 1, 5 - 1, 8 times of a change in the
diameters of mating parts with CTMA higher than with the heat supply (cold) to the internal
surface with the equal values of temperatures of 7, and 7.

Conclusions.

1. In to the article are given the results of theoretical studies, on the basis which are
obtained new scientific approaches to the development of methodology and calculated
dependences for determining the technological parameters of mating parts on the operation of
their uneven heating and low-temperature cooling.

2. On the basis the analysis of obtained theoretical of given and analytical dependences it
is established that the heat supply (cold) to the external surface of cylinder will make possible to
obtain large changes in the diameters of mating parts with CTMA, than with the heat supply
(cold) to the internal surface with the equal values of temperatures of 7, and 7.
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JOCJIIIKEHHSA TEXHOJIOI'TYHUX MAPAMETPIB TEPMIYHOI'O CKJIAJJAHHSA
3'€IHAHD I3 HATSIT'OM CITIOCOBOM CKTC

O6opcekuii 1. JI.

Kuiscokuti nayionanvrutl ynieepcumem mexHono2iu i Ou3aiHy

Mixan Crun-PekoBcki

Buozowcwvra suwa wixona

Mareii MarymieBcki

Yuieepcumem mexuonoeii it npupooosnascmea 6 buozowyi

Pe3yabTaTn. Y cTaTTi HaBEeICHI pE3yJbTaTU TCOPETHUHHUX JOCIIKEHB, HA TJCTaBl SKUX
OTpPHMaHi HOBI HAayKOBI MIAXOJH A0 PO3POOKH METOJOJIOTIT i pO3paxyHKOBHX 3aJIC)KHOCTEH s
BU3HAUEHHS TEXHOJIOTIYHUX TMapaMeTpiB neTaned, 10 CIHOJy4YaloTbCs, MPU IXHbOMY
HEpIBHOMIPHOMY HarpiBaHHi i HU3bKOTEMIIEPATYPHOMY OXOJIOKECHHI.

HayxoBa HoBu3Ha. Ha ocHOBI MeTO/IiB T€OPii MPY>KHOCTI W TETUIOMPOBIHOCTI, aBTOPOM
HAyKOBO OOTPYHTOBaHI TPHHLMIOBI pIlIeHHS, $KI JIO3BOJSIOTH OJEpXkKAaTW aHAIITHYHI
3QJIKHOCT1 JJIsI BU3HAUEHHS 3MIH IOCAIKOBHX [[IaMETPIB CIOJYyYyBaHHMX JeTalied mnpu ix
ckiagansi ciocobom KTCC.

IIpakTtuyna 3HauyumicTb. LI 3ameKHOCTI T03BOJSIOTH PO3POOJATH PO3PAXyHKOBI
MOJIeNi ISl BU3HAYECHHS TEMIEPAaTypHUX IapaMeTpiB, 3MIHIOBAaHMX Y Yaci i rapaHTyIOuoOMY
BUKOHAaHHI TEXHOJIOTIYHOTO TMPOIECYy CKIaJaHHs 3'€JHaHbh 13 HATATOM TMPU HASBHOCTI
TUMYacOBOTO CKJIaJIaIbHOTO 3a30pYy.

Kniouogi cnosa: mepmiuni memoou cKiadauwHs 3'€OHamb i3 HAMSA2OM, MEXHOAO2IUHI
napamempu mepmiyHo20 CKI1aA0aAHHSL.

WUCCJEJOBAHUE TEXHOJIOTUYECKUX TAPAMETPOB TEPMHWYECKOM
CBOPKHW COEJIMHEHMM C HATSATOM CIIOCOBOM CKTC

OBOPCKUH . JI.

Kuesckuil nayuonanoHwlll yHugepcumem mexHonio02uti U OU3atiHa

MUXAJI CTBIII-PEKOBCKH

Buozowckaz sucwasn wxona

MAILEN MATVYIIIEBCKU

Yuusepcumem mexnonozuu u npupooosedenus, bviocouy

PesynbraThl. B cratbe mnpuBeneHbl pe3yiabTaThl TEOPETHUECKUX HCCIEIOBaHUM, Ha
OCHOBaHUU KOTOPBIX TOJTY4YEHBI HOBBIC HAy4YHBIC MOAXOJBI K pa3padOTKEe METOMIOJIOTMH U
pacyeTHbIX 3aBUCHMOCTEH MJig OINpeAeNieHUS TEXHOJOTMYECKMX MapaMeTpOB COIPSAraeMbIX
JeTanel Ipyu UX HEPaBHOMEPHOM HarpeBaHWU U HU3KOTEMIIEPATyPHOM OXJIAXKICHUU.

Hayunass HoBM3Ha. Ha ocHOBe METOMOB TEOpHM YIPYrocTH M TEIIONPOBOAHOCTH,
aBTOPOM HAy4yHO OOOCHOBAHBI MPUHIUMHUAIBHBIC PEIICHUS, KOTOpPHIE MO3BOJISIIOT IMOJYYUTh
AQHAIUTUYECKUE 3aBUCUMOCTU JJIsi OMpeNeieHHs] HW3MEHEHHH TO0CaZO4YHBIX JUAMETPOB
conpsraembix aetansax npu CKTC.

IIpakTnyeckass 3HAYUMOCTb. DTH 3aBUCUMOCTHU MO3BOJISIOT pa3padaTbiBaTh pacueTHHIC
MOJICTH JUIsl ONpENENICHUsS TEeMIEePaTypHBIX IMapaMeTpoOB, H3MEHSEMBIX BO BpPEMEHH U
rapaHTUPYIOUINX BHIIOJHEHUE TEXHOIOTHYECKOTO Mpoliecca COOpPKU COeAMHEHUI ¢ HATSITOM MpU
HATMYUU BPEMEHHOTO COOPOYHOTO 3a30pa.

Knrwuesvie cnosa: mepmuueckue memoOvl COOpKU COEOUHEHUL ¢  HAMA2OM,
mexHoI02uYecKue napamempvl mepmMuieckou coOopku
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