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Abstract — Automation of the assembly processes increases
productivity and, respectively, reduces labour-intensity of
assembly. In many cases, in particular, in the assembly of small
products, the equipment of automatic assembly takes less space
than machines of assemblers performing the same process
manually. Notwithstanding the advantages and indicators of
productivity increase, the assembly processes in comparison to
other technological processes are less automated. The aim of the
present research is to compare interference obtained in the
experiment with the calculated one by the developed method of
engineering calculations for interference fit and to provide
conclusions.
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. INTRODUCTION

Mainly, theoretical studies of automation of the
technological process cover the issues of the assembly
technological process safety and accuracy of mutual orientation
of assembly details, since the possibility of automation of the
assembly process as such and its usefulness depend on these
aspects. Researches such as A. Gavrilov, P. Bulovsky, B.
Balakshin, B. Korsakov, A. Malov, M. Novikov, A.
Rabinovich, K. Mucenieks, Fr. Sudnieks and other authors
devoted their research to the solution of these issues.

The method of technological process development in the
automated manufacturing includes the following stages:

- analysis of the product adaptability to manufacturing

considering the volume of its output and features for

automated processing;

- mechanization and automation for all working and auxiliary

movements during processing;

- methods for ensuring the accuracy of the assembly product;

- choice of basing scheme;

- defining assembly conditions;

- mutual orientation of detail axes in space.

In the automatic assembly, the concept of adaptability of a
structure to manufacturing covers both the structure of the
complete part or product and structural features of separate
details, which define their suitability to the automatic
orientation, supply, and placement on the base detail.
Simultaneously, the issues of adaptability of machines,
equipment, and their parts to manufacturing, as well as the issue
of simplification of the automatic equipment have to be solved.
Possibilities to improve the adaptability of a structure to
manufacturing in assembly have been described in detail by A.
Gavrilov, 1. Pavlov, A. Paknis, V. Ivanov, and V. Smilansky by
analyzing a considerable amount of device joint structures,

where connections are fastened applying different methods. As
P. Bulovsky emphasizes, by improving the adaptability of the
structure of assembly elements to manufacturing different
indicators of the assembly process also improve. A positive
example is a reduced number of details in a joint (product),
which in its turn permits decreasing the amount of operations,
simplifying the process, and averting (completely or partially)
additional operations of mechanical processing during the
assembly. In addition, a technologic structure improves the
quality of the assembly and the accuracy of connection.

In the process of elaboration of the research it was stated that
the available scientific papers had not researched the condition
of automatic assembly of cylindrical parts set by interference fit
Js<caow. Methods for providing the assembly of mutual
orientation of axes of cylindrical details in position in automatic
equipment are less effective because of the reduction of the
roughness of the surface profile of mating details during
pressing. The reviewed papers have not considered surface
roughness parameters Ra and Sm, which affect the process of
assembly significantly.

The method of calculation for fit with interference
(S. P. Timoshenko) includes one of the surface roughness
parameters Ra, although the contact of cylindrical details is a
dimensional object and it shall be viewed considering3D
surface roughness parameters. Therefore, further parts of this
article are devoted to the analysis of the technological process
of assembly and parameters of contact of assembly details.

Il. DETAILS BASING AT AUTOMATIC ASSEMBLY

Basing of parts is one of the components of the automatic
assembly orientation phase. Preparation of basing may be
temporary, or between the orientations of the movement, which
is a characteristic component of linear, flat or 3-d displacement.
In some cases, basing can take place without guidance.
However, the deviations from the overall scheme should be
treated as special cases.

Basing in automatic assembly (Fig. 1) is very similar to the
basing of parts in machining, however it has its own specifics.
In particular, there are specific ways of basing. In automatic
assembly basing can be stationary and non-stationary. In
addition, basing is achieved resulting in an automatic
movement, and in most cases without efforts to fixate
significant parts. In some cases, the parts do not need to get
fixated, it is enough to place the component in the base position.
Basing also depends on the assembly mode: base details are
located in accordance with rigid conditions; component details
are located in a different way —it depends on the flexibility for
appropriate orientation.
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I1l. ACCURACY DETERMINATION OF TECHNOLOGICAL PROCESS
FOR AUTOMATIC ASSEMBLY

In the given chapter, as a result of research of the assembly
processes of cylindrical parts set by interference fit, admissible
failure in assembly position of mutual layout of detail axes was
defined, which provides the choice of the basing scheme needed
to ensure accuracy and the choice of method for reaching the
connection accuracy. The choice of basing scheme affects
accuracy and the quality of assembly of the given connection,
complexity and function of automatic assembly equipment as
well as economic indicators of the established system.

The definition of accuracy of the automated assembly
processes has been developed on the basis of the works of N.
Borodachev [1] on determination of allowances and failures of
dimensions and cinematic circuits, the works of P. Dunajev on
the methodology of calculation of dimension circuits as well as
the works of other authors devoted to the definition of accuracy
of the assembly technological process of separate details. The
obtained calculation of accuracy of the process of automatic
assembly consists of several stages, from defining of the
summary failure 85 of assembly in position of the mutual layout
of axes of assembly details before their connection and its
comparison with the admissible value. The main methods
ensuring reduction of Jsx are structural and technological
methods, for example, accurate regulation of equipment of
automatic assembly, increase of accuracy of manufacturing of
separate elements of assembly details, and rational choice of
basing schemes.

The expressions for defining of the admissible failure of
positioning of the mutual layout of axes of cylindrical details
have been obtained, where the automate in the automated
assembly together with assembly details will form such
dimensional circuit, in which distance between the axes of
details does not exceed the admissible allowance. A fixed
connection is provided if it is possible to assemble spindle and
bush with interference 4 v max (Fig. 2).
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It is recommended to form entrance phases at the ends of
cylindrical assembly details. Minimal dimension of phases y is
defined as follows:

zAHmax

) @)

y1tYy2

where: y - phase dimension of spindle and bush; if y1~y,, then
y1+y2=2y;

AHmax =9max —Dmin - 2)

Phase y has to be as large as possible. In praxis, most
commonly recommended phases for spindle and clutching
detail is under angle 30+450. However, it is limited by the
thickness of the bush wall and structural demands. Admissible
failure ganow Of mutual orientation of axes of bush and spindle,
at which assembly is still possible, in this case depends on
dimensions of phases and can be calculated as:

A
Eallow sw—% , 3)

In addition to the value of admissible failure of axes layout,
the actual value of the failure shall be defined, namely, the value
of failure occurring to the assembly object (the reason is the
failure in manufacture) and to the chosen method. The
abovementioned researches of mutual layout prove that actual
failure of mutual layout of two details in the automatic
assembly equals to:

€real =Apbk. +dkbk. +Okbkp, 4)
where:  Qpuk.- failure in basing of drill,

Ow.b.k — failure in basing of spindle detail,
Oxbkp.— failure in mutual layout of drill and spindle.

Any couple of details is automatically assembled if
Js < eanow- IN case this condition is not followed, most of the
details are not assembled although they are usable for the
assembly of the product. In this case, unassembled details are
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resent to loading devices, which ensure their assembly. It
requires additional time and impacts the total expenses of
manufacturing; therefore, it is important to choose the correct
basing scheme satisfying provisions of the assembly in
advance.
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Fig. 3.Scheme of detail contacting by phases

In this article, the scheme of detail contacting by phases is
developed (Fig. 3). In accordance with the scheme, axes of
assembly details are parallel. In the tangency point A, the
spindle works on the bush, which is freely located on a
horizontal plane, with force S while the related force G tries to
move the bush to the left; consequently, it impacts orienting of
the bush and spindle. The bush moves to the needed direction
if:

F>Q+Qqcosa , tgaq>f+fq, (5)
where: Q and Qi — friction forces, accordingly, between the
support surface and the bush and between the spindle and the

bush; f and f;— accordingly, friction coefficients Q and Qq;
a>oq.

By finding the force value S, we will obtain:

f1+f
tgoy > itttz (6)
1-fofy

It shall be considered that equation (6) is true under condition
that layout of axes e=010, does not exceed the sum of a;+ay,
where al and a2- dimensions of phases of the bush and spindle.

Such scheme may be applied for mutual orientation of short
bushes (discs), where the risk of turning over under the impact
of the force G is excluded. In contrast, turning over of the bush
occurs around point B, by composing equations of moments of
these forces in the respective point B, it will be provided that
the bush will not lose its stability if:

bytga-fy (7)
h  1+ftgo

where: b < R-r - thickness of the bush wall.
In case we insert a= 45° in formula (7), we will obtain

%b . Consequently, in case when inequity fi=0, the

1
equation 4 < b =R-r should hold true. This condition also takes
place if the bush diameter exceeds its height twice. By assuming

h<

. . 2+ f
value f; =1, we will obtainh < b . In case values f and f;

do not exceed 0.3, we will obtain coherence with failure not

more than 20%: h < %b )

It is established that the force needed for orientation of the
details in the necessary position depends on friction forming
between the details in the contacting point. Friction coefficient
is mainly defined by surface roughness, which changes in the
process of friction. However, in the process of assembly,
changes in micro-roughness are not admissible because they
impede further assembly of the details and affect the durability
of connection. In addition, friction forces between contacting
surfaces have to be minimal. Following the research of J.
Rudzitis [2, 3], in the formula

el
_ kq Ra
Smo

Fvy) .

we can see that the load between the surfaces depends on
proportion of Ra/Sm. It means that in contact, the main role is
played not by the highness and step of the surface roughness
separately but by their proportion. In addition, material
elasticity constant E and p shall be considered in calculations.

Pj y>1 (8)

IV. PRESSING FORCE AND GEOMETRIC PARAMETERS OF
CYLINDRICAL PARTS

In this chapter, the impact of pressing force and geometric
parameters of details on the accurate assembly of details set by
interference is analyzed. As it has been proven by the
experimental research presented in the article, the results
obtained in practice do not always coincide with the calculated
ones, which are affected by characteristics of the surface
roughness and manufacturing failures of the assembly details.
Thus, the development of the assembly method for connection
control is topical. This part offers a pressing system for control
of the assembly process for automated manufacturing. The
system controls the depth of pressing, force of pressing-in, and
its character during the pressing. It is stated that the
development of the process ensuring assembly accuracy is
related to obtaining and processing of experimental data.
Conducting experiments with different parameters of pressing
and correlating with curves of the pressing force — pressing
length and uniformity of products, optimal parameters of
pressed connection can be obtained. It is important to control
the needed pressing force to guarantee the necessary force limit
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between surfaces of the connected details in the process of
assembly. Thus, the data on the needed interference are
obtained.

Ability of details to bear considerable loads in pressed
connections depends on interference. Currently, to increase
connection durability and safety of the equipment operation,
calculation of interference fit (S. P. Timoshenko) is performed
following the largest admissible interference. It is stated that
such method of calculation of the mating character is
unwelcome; and it has been proven by research results obtained
during experiment. Often, the calculated interference has a big
reserve at the given external forces. Thus, it impacts
consumption of useful material by choosing geometric
parameters of details to provide the required durability of the
connection.

At present, for calculation of the contact pressure by
interference, Lama Formula developed by S. P. Timoshenko [4]
is used. However, the application of this formula asks for many
corrections related to different proportions of length and
nominal diameter of the connection, uneven tension in length
of the detail to be clutched, and manufacture failures. These
factors affect the actual value of the pressure in contact. It was
stated that in the current calculations, standard parameters of
surface profile roughness Ra and Sm are not considered, which
are important values characterizing the surface roughness
profile and deformation type of contact of rough surfaces.
These parameters define also the choice of the needed type of
processing [5,6]. Introduction of more accurate processing
technologies into modern manufacturing permits to obtain the
details with the desirable surface roughness parameters.

V. CONCLUSIONS

1) After literature review, it was stated that scientific
papers available during the period of elaboration of the
research have not sufficiently researched the condition
of automatic assembly of cylindrical parts set by
interference fit 5z <eanow. The methods for providing the
assembly of mutual orientation of axes of cylindrical
details in position in automatic equipment are less
effective because of the reduction of roughness of the
surface profile of mating details during pressing. The
reviewed papers have not considered surface roughness
parameters Ra and Sm, which affect the process of
assembly significantly.

2) As a result of research of the assembly processes of
cylindrical parts set by interference fit, admissible
failure in assembly position of mutual layout of detail
axes was defined, which provides the choice of basing
scheme needed for accuracy and the choice of method to
ensure connection accuracy. The choice of the basing
scheme affects the accuracy and quality of assembly of
the given connection, complexity and function of
automatic assembly equipment, as well as economic
indicators of the established system. The given article
offers the most appropriate methods for basing and
fixating of cylindrical details in automated assembly
lines.

128

3) It was stated that the assembly process is mainly
influenced by two surface roughness parameters Ra and
Sm by orienting details in position of assembly. It was
defined that values characterizing the mating contact of
cylindrical details (load, approximation of surfaces, and
value of interference) do not depend only on separately
taken parameters of surface roughness cams Ra and step
Sm but also on the proportion of Ra/Sm. A contact 3D
model of cylindrical parts set by interference by using
3D regular case field theory in description of surfaces
has been developed. It was stated that the method of
interference fit calculation (S. P. Timoshenko) is not
precise considering that cylindrical details are a
dimensional object [7-9]; therefore, profile roughness
parameters corresponding to real surfaces shall be
defined. One parameter Ra is not enough to characterize
the surface roughness. Current calculations have not
considered the proportion of parameters of surface
roughness profile Ra/Sm, which is an important value
characterizing surface roughness profile and defining
deformation type of the contact of the rough surfaces.
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Zita Dreija, Natalija Mozga, Oskars Linins. Cilindrisko detalu mezglu ar uzspiléjumu ipasibu ietekme uz salikSanu.

SalikSanas procesu automatizacija palielina darba razigumu un attiecigi samazina salikSanas darbietilpigumu. Tada situacija, kad pie atriem apstrades
automatizacijas tempiem salikSanas darbietilpigums palielinas, nevar ilgi pastavét, vai ari, ievérojami paplasinot izstradajumu razoSanu, var butiski pieaugt
montétaju skaits. Daudzos gadijumos, it Tpasi, saliekot mazgabarita izstradajumus, automatiskas salik$anas iekartas aiznem mazak vietas neka montétaju darba
galdi, izpildot to pasu procesu manuali. Prieksrociba ir ievérojama saliekamo izstradajumu kvalitates paaugstinasanas, tad&jadi, ka vairakums salickamo automatu
var stradat tikai tad, ja uz salik§anu nonak kvalitativas detalas. Tada veida tiek nodrosinata stabilaka saliekamo izstradajumu kvalitate. Neskatoties uz priekSroctbam
un darba raziguma paaugstinasanas raditajiem, salik§anas procesi, salidzinot ar citiem tehnologiskajiem procesiem, ir automatizéti vismazak. Saja raksta tiek pétita
pres€Sanas speka un detalu geometrisko parametru ietekme uz precizu detalu salik§anu ar uzspilgjumu.

3ura [lpeiisa, Haranusa Mo3sra, Ockapc JIuHuHb1I. BiausiHue cBoiCTB y3J10B HHJIHHAPUYECKHX JeTajleil ¢ HATArOM Ha cOOpPKY.

ABToMaTH3anus cOOPOYHBIX MPOLECCOB MOBBIIACT IIPOU3BOANTEILHOCTD TPYJa U COOTBETCTBEHHO YMEHBILIAET TPYROeMKOCTh cOOpku. Cutyarus, Koraa npu
OBICTPBIX TEMIAaX ONTHMH3AIUK OOpPabOTKH TPYHAOEMKOCTh COOPKH YBEIHYUBACcTCS, HE MOXKET OOJbIIE CYIeCTBOBATh, Kak M TO, YTO IIPH 3HAYUTEIHLHOM
YBEJINYCHUH POM3BOJCTBA U3/EIHIl MOXKET CYIIECTBEHHO YBEIMUHUTHCS YHCIO MOHTRKHUKOB. Bo MHOTHX Ciydasix, 1 0OCOOCHHO IpH cOOpKe MaorabapHTHBIX
U3JIeNUH, aBTOMAaTHYeCKoe cOOpOYHOE 000pY/IOBAaHHE 3aHMMAET MEHBILIE MECTa, YeM padouyre MECTa MOHTA)XKHHKOB, BBIIOJHSAIOLIMX TOT YK€ CaMblil IPOLECC
Bpy4HyI0. Kak npenmyIiecTBo MOKHO OTMETHTH HOBBIIIEHHE KauecTBA COOPOYHBIX H3/IENHIH, TaK KaKk MHOTHE COOpPOYHBIE aBTOMAThl MOTYT pad0TaTh, TOJIBKO €CIIH
Ha COOpOYHYIO TO3HIHIO MOCTYMAIOT KadeCTBEHHBIEC JeTamd. Takum obOpa3om obecriedmBaeTcsi CTaOMIIBHOE KadecTBO cOOpouHbBIX m3menwil. Hecmotps Ha
HPEUMYIIECTBA M MOKA3aTe/IN MOBBIIICHNS IPOU3BOAUTEIBHOCTU TPYJa, COOPOUYHBIC IPOLECCHI, B CPABHEHMH C APYTMMH TEXHOJIOTHYECKHMH IIPOLIECCAMH,
aBTOMATH3MPOBAHbI MEHBIIE BCero. B maHHOI! craThe HcclieqyeTcs BIUSHIE CHIIBI 3aIIPECCOBKU M TEOMETPHUYECKHX IapaMeTpOB JeTanell Ha cOOpPKY ¢ HATSATOM
Ka4yeCTBEHHBIX JieTaleil.
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