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Abstract — Researches of assembly processes of cylindrical parts
set by interference fit resulted in defining the admissible failure on
mutual layout of detail axes in the position of assembly, which
provides the range of basing schema needed for accuracy and the
choice of methods to reach assembly accuracy. In this article a
mathematical model for defining the durability of the contact of
cylindrical details set by interference was developed, and that
provides the possibility to determine the admissible external force,
which in practice is mainly connection-oriented eccentrically to its
axes.
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|. DETERMINATION OF STRESSES AND DEFORMATIONS FOR THE
CYLINDRICAL PARTS SET BY INTERFERENCE

In this article the mathematical model for defining the
strength of contact of cylindrical details set by interference is
developed. Strength condition for the admissible external force
working on the contact of details is elaborated. An expression
for defining the admissible external force is obtained, which in
practice is mainly oriented eccentrically to the connection.
Usually cylindrical connections transferring the torsion
moment caused by some cross-force Fg (Fig. 1) are loaded
eccentrically. For example, it occurs in transmission elements
of rotation movement (gearwheel transmissions).

Fig. 1 Schema of the calculation of external force

An expression is obtained, which defines the admissible
value of Fg to eccentric force Fg:

Fokp =71y 1+ f? ([p]— po) ) 1)

po — load in contact before application of force Fg;
[p] -admissible load in contact;
F - friction coefficient.

where:
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Fig. 2. Changes in total tension
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Fig. 3. Summary changes in dimensions of details

Defining the tensions and deformations of the contact of
cylindrical details allows effectuating research of the processes
in the contact and prognosticating the service of the connection
already at the stage of designing. Using the software
SolidWorks Simulation Premium 2010 (method of final
elements), the character of tensions and deformations of mating
details at perfect conditions, namely, without failures of
assembly and processing, is defined (Fig. 2, 3).

Nevertheless, this method provides the engineer with the
possibility to experiment with geometric dimensions of details
and to choose them considering material, friction coefficient,
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pressure in contact of surfaces of cylindrical details,
interference, and pressing force.

Surface roughness is one of the main values characterizing
normal functioning of the rigid connection; and this value
defines the division of normal and tangential tensions in the
borders of the contact area. For defining the impact of such
parameters on contacting surfaces of assembly details, contact
model of cylindrical details with interference fit is elaborated
using 3D regular case field theory. Each type of mechanical
processing and process of surface forming has its own typical
topography of surface roughness. Since the pressing process is
related to irregular changes in the surface roughness of
assembly details during the entire process of pressing in
contacting areas, the paper investigates a model of irregular
rough surface corresponding to regular causality. It was defined
that deformation type of connection is affected by standardized
parameters of surface roughness Ra and Sm. The critical
approximation of details was determined, at which the elastic
contact transforms into the elastic — plastic one.

In order to define which contact surface of cylindrical details
deforms more, coherence for determination of average value of
volume of material deformed during the contact was obtained:

Edv}= {—e}/ ' y[l—q)(y)]}a*&l 2)

where:  Ac- contour area of contact;
y= Y relative level of deformation, until which the
o
rough surface is deformed,
where:  u — deformation level subtracted from the average

value of roughness;
o — average quadratic deviation of roughness of
contacting surface;

Y 2
®(y)= % J- exp [— t?}dt - Laplace function.
—0

In the majority of cases, in equipment design it is significant
to predict, which of the contacting details is most subjected to
deformations . It provides the possibility to choose materials
and geometric parameters appropriate for mating details as well
as the type of processing of the contacting surfaces in order to
obtain the desirable mate with the needed durability at definite
conditions of exploitation.

Il. DEVELOPMENT OF METHOD OF ENGINEERING
CALCULATIONS FOR CYLINDRICAL PARTS SET BY
INTERFERENCE FIT USING 3D REGULAR CASE FIELD THEORY

By applying the 3D regular case field theory in describing of
surfaces, new method of engineering calculations for
cylindrical parts set by interference fit was developed. The
obtained coherences permit a more accurate determination of
the force needed for pressing and parameters of surface
roughness for connection at definite conditions, which is
approved by the results acquired during the experiments. It is

possible to define the required proportion of surface roughness
parameters Ra/Sm characterized by contact load. It was not
included in the known methods of fit calculation.

The obtained results allow viewing the assembly process of
pressed connections of cylindrical details set by interference in
a new perspective and give rise for further researches related to
cylindrical parts set by interference fit.

Following the previously assumed conditions, the value of
force was found out, which works on each of cam peaks of
contacting surfaces. Conditions are the following:

1) cam peaks of surface roughness are situated rather densely
and even over the whole cylindrical surface; thereby, radial
pressure on contact surfaces caused during the assembly will be
viewed as evenly situated radial load;

2) total deformation of assembly details is elastic and,
consequently, subjects to the Lama law;

3) surfaces in the areas of actual contact are subjected to
elastic-plastic deformations;

4) solidity of a rough surface exceeds the one of an even
surface; thus, by performing pressing-in of the detail set by
interference, peaks of roughness cams deform elastically;

5) there is no impact of external forces on the contact;

6) mutual influence of peaks is insignificant;

7) there is no deviance in surface form;

8) and nominal contacting surfaces during the whole period
of contacting remain mutually parallel.

If heights of cam peaks contacting the even surface are
situated in n' levels, the amount belonging to defining the force

K n
P;; (Fig. 4) equals y = ZZ P,j where Ki- number of cams and
i=1 j=1
number of its peaks located in the j™ level. Pj- force working
on i™ group of cams in the j™ level.
Average load in the contact can be defined in the following

way:
K n
PRPIN
=l j= i=1 j=
— — , 3
Pk = A, -l 3)
where:  As — nominal contacting area;

d — nominal dimension of mate;
| — length of contact.

\ipst

Fig. 4. Contact schema of rough (spindle) and even (bush) surfaces of
cylindrical surfaces:
1, 11, j- contacting levels of cam peaks; Ki,K,..Ki- number of cams located in
the j" level; P;; — force working on one i" cam in the j™ level
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After pressing-in, cams deform under the influence of the
other surface; consequently, the initial interference will reduce
for value S. Presuming that there is no initial deformation of
roughness, there is no load on the contacting surfaces before
their pressing; therefore, we take thickness of roughness level
Rmax=60 as the point of reference. Consequently, it was
calculated that the approximation is:

S=(B-yk .
(4)

The maximal interference is defined in the following way:

Cd K n
5man:A—ZZP”+ZS,

a =1 j=1
(5)
where:  ¢=(C,/E,+C,/E,) k;
where:  Ej and E; — elasticity modules of material of

assembly details;

C: and C; — constants of materials;

k — coefficient, which follows changes in contact
pressure on the surface of the detail longitudinally.

The minimal interference is defined in the following way:

5minj =psdxc+2S , (6)
where:  ps— load on connection under the impact of external
forces.

This article has proven that the relative level of deformation
can be defined applying [1, 2] contact theory to an elastic
contact, in accordance to which the relative load of the contact
can be defined as follows:

I
_ kg Ra
Sm@

Fiy)

ke¢- coefficient that depends on anisotropy of

roughness;

F(y) - function that depends on the level of
deformation;

@ - elasticity constant of the material of details.

Pi y>1, (7)

where:

The equation components are solved in accordance with the
following schema: following the given load, parameters of
surface roughness, and properties of material, F(y) is defined
and then vy is found in tables.

Thus, it was determined that smoothening of micro-
roughness depends on the proportion of surface roughness
parameters Ra/Sm and physical-mechanical properties of the
material of details.

11l. METHOD AND EXAMPLE OF ENGINEERING CALCULATION
OF INTERFERENCE FIT FOR CYLINDRICAL PARTS

In this article, the method and example of engineering
calculations of interference fit is provided.
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Source data: nominal diameter of connection d=15 mm,
external diameter of bush D=50mm, length of connection
contact =20 mm. The spindle and bush have the same material
$355J2G3, where: E=2*10-° MPa, p=0.3.

By calculations, values of minimal interference following [3]
method and the developed method providing the reduced value
were obtained. By satisfying conditions of connection strength
at axial force Fa=2 kN, the minimal interference is dminv=7pum
[3]; and in accordance with the developed method: Jminj =9.5
pm.
Calculation schema of interference fit is given in Figure 5.
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Fig. 5. Calculation schema of interference fit.

o |

TABLE |

COMPARISON OF ENGINEERING CALCULATIONS FOR CYLINDRICAL PARTS SET
WITH INTERFERENCE FIT
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Interference | Sm/Ra. ¢ ?;:rf_'ld Interference Ra, C ?ﬂ;ﬂ
- E = a
Omaj, L1 Lm piMPa [2] Omaxy, tm | wm peMPa

30.2 186 313 186
27 100/1,25 169 28.6 1.25 169
24 145 25 145

In Table I the results of calculations for cylindrical parts set

with interference fit are summarized. At equal loads,
interference calculated by the method of S. P. Timoshenko is a
little higher. Difference in results is explained by the following:
1) By approximating the dimensions of contacting surfaces. In
accordance with the method of Timoshenko, it is 1.5 times
bigger. In the second case, approximation of surfaces is
calculated by (4) formula, where relative level of deformation
of surface roughness, until which the roughness is deformed, is
defined. It depends on the pressure in the contact and surface
roughness parameters Ra and Sm as well as material properties
E and y;
2) In the developed method for calculation of interference fit,
surface roughness proportion Ra/Sm is included, which was not
considered in the method of S. P. Timoshenko and which is an
important value characterizing the roughness of the surface
profile and deformation type of the contact of rough surfaces.
This proportion characterizes also the choice of the needed type
of processing. As more accurate processing technologies have
entered modern manufacturing, they permit obtaining the
details with desirable parameters of surface roughness. In
addition, the method of engineering calculation for cylindrical
parts set with interference fit offered in this article allows
defining the proportion of Ra/Sm needed for definite
requirements of mate. Characteristic values of the contact such
as load, approximation of surfaces, and dimension of
interference depend not only on a separately taken surface
roughness parameter Ra but also on step parameter Sm and their
proportion.

The abovementioned confirms that the developed method for
calculation of interference provides more accurate and more
realistic calculation results in comparison with method [3]. The
need for a more accurate method of calculation is promoted by
the development and progress of mechanical engineering,
which demands manufacturing of more and more accurate
equipment and long-time resistant parts with high durability.

IV. IMPACT OF ROUGHNESS PARAMETERS RA AND SM OF
CONTACTING SURFACES ON CAPACITY OF INTERFERENCE FIT
AND LOAD IN CONTACT RESEARCH

With increase of Ra/Sm proportion (Fig. 6), approximation
of contacting surfaces of details increases. At the maximal
interference 30.2 um ( Table I), approximation S=8.7 pm was
obtained; and at the minimal interference 9.5 um - S=5.1 pum.
Analytically it was defined that by increasing Ra and
maintaining the value of Sm, approximation S increases while
the load decreases respectively. It provides the possibility to
view changes in two rough surfaces during contact more

comprehensively and to obtain more accurate values of
interference depending on forces working on the contact
because value S is characterized by surface roughness
proportion Ra/Sm and load in contact.

S, um

P

I
0.005 001 0011 0012 Ra/Sm, pm

Fig. 6. Changes in approximation S depending on the proportion of surface
roughness parameters Ra/Sm
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Fig. 7. Changes in deformation level of surface roughness depending on
load in contact and approximation of surfaces

Figure 7 shows changes in deformation level depending on
the load in contact and approximation of surfaces. Values are
obtained in accordance with formulas (4) and (7). With increase
of load, the level of deformation reduces. With increase of
surface approximation, the level of deformation reduces.
Similarly to researches of J. Rudzitis [1; 4], higher deformations
of surface roughness correspond to lower values of level. By
applying the developed formulas in this article, several
coherences between characterizing values of contact were
defined; thus, different regularities with real processes of
contacting were confirmed.
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Fig. 8. Changes of contact load depending on geometrical and surface
roughness parameters

Figure 8 shows changes of load in contact depending on the
geometrical and surface roughness parameters. By changing the
surface step parameter 60 pum (initial 100 um), contact load
determined by the developed method will increase. Similar to
the research of J. Rudzitis [4, 5], decrease of surface roughness
step gives increase of contact load. Contact load increases if Ra
increases but Sm is constant. As it has already been studied, S.
P. Timoshenko method of calculation of interference fit does
not include step parameter of surface roughness.

Calculation results obtained following the elaborated method
show higher compatibility with real detail contacting processes
than the already known method. The method provides the
option to obtain more precise mate with interference and
excludes possibilities to choose too high values of interference
to provide durability of the connection.

V. CONCLUSIONS

1) A mathematical model for defining the durability of
cylindrical detail contact set by interference for the admissible
external cross-force, under the impact of which the connection
is mainly loaded eccentrically in practice, has been developed.
Expressions of durability condition depending on the
admissible external force working on the contact of details are
obtained. It permits effectuation of researches of processes in
the contact and prognostication of connection services already
at the stage of its design.

2) A new method of engineering calculations for cylindrical
parts set by interference fit by using 3D regular case field theory
in description of surfaces is elaborated, which provides
possibility to define the force needed for pressing and
parameters of surface roughness for mate at definite conditions
more accurately; and it was confirmed by the results obtained
in the experiment. It is possible to determine the needed
proportion of surface roughness parameters Ra and Sm, which
is not included in the previously known calculation methods
with mating character (fit).

3) The developed method of engineering calculations for
cylindrical parts set by interference fit allows defining the
changes in approximation value of contacting surfaces of
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mating details at load in contact depending on proportion of
surface roughness parameters Ra/Sm. Changes in interference
value, contact pressure, and approximation of contact surfaces
depending on the proportion of surface roughness parameter
Ra/Sm were analytically defined. In this article, coherences
between values characterizing contact were obtained by
applying the developed formulas; such coherences show
regularities with real processes of contacting. Similarly to
researches of J. Rudgzitis [4, 5], load on detail increases due to
reduction of the surface roughness step. Increasing Ra and
maintaining Sm value, pressure in the contact increases. With
increase of load, deformation level of surface roughness
decreases. With increase of approximation of surface
roughness, level deformation reduces. Higher deformations of
surface roughness correspond to lower values of level.
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Zita Dreija, Oskars Linin$, Natalija Mozga. Cilindrisko detalu mezglu ar uzspiléjumu izturibas nodrosinasana

Cilindrisko detalu mezglu ar uzspilgjumu salik$anas procesu pétijumu rezultata noteikta detalu asu savstarpgja novietojuma pielaujama kltida salik$anas pozicija,
kas nodroSina precizitatei nepiecieSamo bazéSanas shémas izveli un savienojuma precizitates sasniegSanas metodes izveli. Izstradats cilindrisko detalu ar
uzspil&jumu kontakta izturibas noteikSanas matematiskais modelis, kas dod iesp&ju noteikt pielaujamo argjo speku, kas prakse lielakoties uz savienojumu versts
ekscentriski. Raksta tiek izstradats cilindrisko detalu mezglu ar uzspilgjumu kontakta modelis, izmantojot virsmu aprakstam 3D normalo gadijuma lauka teoriju.
Izstradata cilindrisko detalu mezglu sé€zas ar uzspilgjumu inZenieraprékina metode dod iesp&ju noteikt salagojamo detalu kontakt&joSo virsmu tuvindjumu un ta
izmainas pie kontakta slodzes atkariba no virsmu raupjuma parametriem Ra un Sm. legiitie raksta rezultati lauj aplukot jauna aspekta cilindrisko detalu ar
uzspilgjumu preséto savienojumu kontaktu. Un to var skaitit par pamatu talakajiem cilindrisko detalu mezglu ar uzspilgjumu saistitiem p&tijumiem.

3ura Jlpeiis, Ockapc JIlununbui, Hatanus Mo3sra. OdecrnieyeHue NPOYHOCTH Y3/10B IMJIMHIAPHYECKHX /ieTaslell ¢ HATATOM

B pesynbraTe uccienoBaHMs COOPOYHBIX IIPOLECCOB  Y3/I0B LMWIMHIPHYECKHMX JETajled C HATATOM OIpEAeleHa JOIYCTHMas OLIMOKAa OTHOCHTEIBHOTO
pacronokeHus oceil neTaneidl Ha cOOPOYHON NO3UIUH, KOTOpas OOECIeYMBAeT Ui TOYHOCTH HEOOXOAMMBIH BEIOOp cxeM 0a3sHpoBaHMS U BEIOOp MeTona
JIOCTIDKEHHSI TOYHOCTH CcoeJuHeHHs. PazpaboTaHa MaTeMaTH4yeckass MOJEIb ONpeeNeHHs] IPOYHOCTH KOHTAKTa [IHINHAPHIECKUX JeTalel ¢ HaTsAroM, KOTopast
JIaeT BO3MOXKHOCTH OIIPE/IEITUTh JOIMYCTUMYIO BHEIIHIOIO Harpy3Ky, KOTOpasi Ha PAKTHKE K COEIMHEHUIO HAaIPaBIICHA IPEUMYILECTBEHHO SKCLIEHTPUYHO. B cTatbe
pa3paboTaHa MOJENb KOHTAKTA Y3/I0B IIIMHIPHIECKHX JieTaleil ¢ HaTAroM, HCIOJIb3Ys ULl OIIHCAHUs IOBEPXHOCTH TEOPHIO 3 /1 HOPMAIILHOTO CIIy9aifHOTO MOJIS.
Pa3paGoTaHHBIM KHXEHEPHOPACUCTHBIM METOA MOCAAKH C HATATOM Y3JIOB IIMHIAPHYECKHX JeTalnedl [JaeT BO3MOXKHOCTb OIPENENHTh IPHONIKEHHE
KOHTaKTHPYIOIIUX IIOBEPXHOCTEH COCAMHAEMBIX JIETajeil M ero M3MEHEHWs INPH KOHTaKTHOH Harpyske B 3aBHCHMOCTH OT HapaMeTpOB IIEPOXOBATOCTU
noBepxHocTeil Ra 1 Sm. [TomydeHHbIE B cTaThe pe3yabTaThl HO3BOJISIIOT PACCMOTPETh B HOBOM acIeKTe KOHTAKT 3allpeCCOBAHHBIX COSAUHEHHH [THINHIPHIECCKIX
Jietaneil ¢ HaTATOM.
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