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STRUCTURAL ANALYSIS AND RATIONAL DESIGN OF MECHANISMS
OF CROSS-ROLL TUBE STRAIGHTENING MACHINES

Purpose. The article is aimed to perform a structural analysis of the main and auxiliary mechanisms of tube
straightening machines, to identify structural and local redundant links in the mechanism schemes, and to offer
recommendations on their rational design. Methodology. The solution is realized by means of the theory of
mechanisms and machines using structural analysis of the mechanisms of tube straightening machines based on the
universal structural theory of O.G. Ozol. Findings. The extended principle of the machine’s mechanism formation,
which provides inclusion to the mechanism not only mesinsaux solid bodies, but also the deformed bodies, allows
us to consider the structure of machines for pressure processing of metals, taking into account the plastically
deformed workpiece. Therefore, such machines include in their composition a deformed workpiece as an integral
part of the machine mechanism, whose deformation and addition of certain geometric parameters to it is the reason
the tube straightener was created for. Defects in the machine structure are determined by the local and structural
redundant links included in the kinematic chains of the mechanisms, which transform the mechanism into
a statically undetermined system. Movement of the mechanism with defects in the structure is possible in the
presence of gaps or due to deformation of the links. The main mechanism of the tube straightening machine is
a mechanism of variable structure, therefore, an analysis for its two states is carried out: before the tube is caught by
the rollers and during its straightening. For calculation of the number of mobilities of the outer «roll — tube» pair, it
was taken into consideration that most of the coordinates are overlaid with non-retentive links, which contain
a fractional number of constraints. Fifteen redundant links were identified in the main mechanism and their amount
in the auxiliary mechanisms of the tube straightening machine was established. Originality. The structural analysis
of tube straightening machines with the search for redundant links was never performed. A structural analysis of the
mechanisms of cross roll tube straightening machine was performed for the first time, taking into account the
presence of external fractional links that are superimposed in the «roll-tubex» pairs. Practical value. The practical
recommendations for eliminating the harmful redundant links that were found in the structural analysis of the main
and auxiliary mechanisms of the tube straightening machine were developed.

Keywords: tube straightening machine; structural analysis; redundant links; external fractional links

design of the main drives, the bearing structure, the
Introduction adjustment mechanisms.

As a rule, TSM operate in the technological
line of the mill in the absence of redundancy,
which imposes high reliability requirements on
these aggregates. In many cases, insufficient
reliability of the adjustage machines of pipe-rolling

Modern hot rolling mills use cross-roll tube
straightening  machines  (TSM)  for  the
strengthening of pipes [2, 3, 9, 12] of different
designs, which differ in the number of rollers, the
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shops, along with high technological loads, is due
to defects in the structure of their mechanisms. It is
known [6, 11] that defects in the structure are
determined by mechanisms embedded in the
kinematic chains of mechanisms by local and
structural redundant links (RL), transform the
mechanism into a statically undetermined system.
Movement of the mechanism with defects in the
structure is possible in the presence of gaps or due
to deformation of the links. In the latter case, there
are additional static and dynamic loads, not related
to the implementation of technological operations,
which depend on the errors of manufacturing and
installation, rigidity of body parts and units.

In transient and non-stationary modes of
mechanisms with redundant links and gaps in
kinematic pairs there are significant dynamic,
including shock loads, which cause increased wear
of elements of kinematic pairs and progressive
increase of gaps, resulting in increased intensity of
shock impulses and noise [3].

Machines consisting of mechanisms without
redundant links, thus statically determined
mechanisms do not have the deficiencies
mentioned above. Therefore, while designing and
modernizing machines, it is necessary to include in
their design mainly statically determined
mechanisms, because under all other equal
conditions, they guarantee the receipt of machines
with higher technical and operational parameters.

The analysis of the mechanisms’ structure is
a qualitative method, which allows to establish the
possibility of additional loads, which are not
connected with the technological process, arising
in the closed kinematic chains of the mechanisms
during deformations of the links and the body,
assembly, etc., as well as to verify the correctness
of structural formation of the mechanisms.

In the process of analysis, all the TPM
mechanisms were considered as spatial ones, the
links were considered as absolutely rigid ones, and
the kinematic pairs and connections in the first
approximation — ideal (without gaps). Analysis of
the TSM structure was performed on the basis of
the O.G. Ozol’s universal structural theory [5].

Six-roll TSM OVV 900x3 (Fig. 1) of the
construction of the Starokramatorsk Machine-
Building Plant (SKMP), with all the cross,
hyperbolic rolls of identical length, is installed at
the strengthening tube section of the continuous
tube-rolling mill (TRM-140). TSM s designed to

work in the technological line of the TRM-140 in
the absence of reservation on the rational layout of
rolls, according to the type of Kieserling tube
straightener [4, 7, 8, 10]. It consists of the bearing
structure, individual drive of rollers and adjustment
mechanisms.

Fig.1. Six-rolls TSM OVV 900x3 (designed by SKMP):
1 —bearing structure; 2 — individual drive of rolls;
3 — adjusting mechanism

There are no studies of structural schemes of
the cross-roll TSM in the literature, as well as
recommendations on the rational choice of
kinematic and structural schemes of TSM
mechanisms.

Problem statement

Previously completed TSM studies [3, 4]
allowed identifying dynamic and structural
imperfections: low vibrational stability of the
bearing structure, drives overload, wear and
limited life of some major parts and units. Some
equipment failures can be caused by structural
defects in the kinematic schemes of the
mechanisms.

Purpose

The article is aimed to a structural analysis of
the basic mechanisms of tube straightening
machines, identify structural and local redundant
links in the circuits, and prepare recommendations
for the rational design of the TSM units.
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Methodology

The given task is solved by the means of the
theory of mechanisms and machines using the
structural analysis of the main mechanisms of the
tube straightening machines based on the universal
structural theory of O.G. Ozol.

Findings

Extended principle of the machine mechanisms
formation, providing inclusion to the machine
mechanism not only immovable solid bodies, but
also the deformed bodies [2], allows us to consider
the structure of machines for pressure processing
of metals (PPM) taking into account the plastically
deformed workpiece. The deformed bodies mean
such bodies the deformation of which is necessary
to perform the required functions of the machine.
Therefore, PPM machines should include in their
structure a deformed workpiece as an integral part
of the machine mechanism, whose deformation
(change of geometry) and the addition of certain
geometric parameters is the reason the TSM was
created for.

Determination of redundant links (RL) for the
TSM mechanisms containing internal kinematic
connections of any class was performed in the
following order: according to the kinematic
scheme of the given mechanism with the numbered
links, a schematic diagram for Ozol [5] with the
designation of class of each kinematic pair is
formed. According to the structural scheme are
calculated: the number of links (n), the total
number of kinematic connections (p), the number
of the mechanism contours k, k=p-n+1; the

total number of links (S) and moves ( f ) of all
connections was calculated,

f=5p1+4p2+3p3+2p4+p5 (1)

where p; is the number of kinematic

compounds of the i-th genus, i=1...5; the number
of degrees of freedom of the mechanism (W );

W=b+c+d, 2

where ¢ — the number of main mobilities
(according to the number of moving forces);
b — the number of additional mobilities (including
the local ones); d — the number of dynamic links.

The total number of internal redundant links
was determined by the formula:

o =W +6k—f . 3)

The main drive of TSM rollers (Fig. 2). At
idle, all TSM mechanisms are independent in their
movements and form a system when interacting
with the external working body (pipe). The
working body combines the TSM mechanisms not
only with the kinematic interaction of the links, but
also with dynamic phenomena in the plant.

It is known that compounds of working bodies
and links of the mechanism impose external
connections. Since the TSM mechanism always
has external connections, then according to the
universal structural theory, it is necessary to
consider it from two positions. Firstly, in isolation
from external bodies, with which it has external
connections (isolated from the treated pipe). The
number of freedom degrees in the absence of
external links is called the real mobility of the
mechanism (W, ). Secondly, in working condition,

when external links are acting (the tube is in the
deformation cells). Mobility under existing
external links is the operational mobility of the
mechanism (W, ). In this case, W, is less than W,

on the number of external connections spent on its
reduction. The TSM mechanism is a mechanism of
variable structure, so we will analyze it step by
step.

The first stage — before the pipe capture by the
rolls (idle), thus, before imposure of external links
(Fig. 2, a). Group main drive includes six identical
transmissions, consisting of electric motor with
a brake pulley, couplings and drive shaft. The
kinematic scheme of the main drive (Fig. 2, a) of
the investigated tube strengthener is a 49-link
branching symmetrical 24 contour mechanism, and
a structural diagram (Fig. 2, b) is its topological
reflection. Mobility of the mechanism of the main
drive rollers W =12, includes 6 main mobilities
and 6 local (axial) mobilities of the body of the
gear clutches. The general mobility of all
kinematic pairs is defined as the sum of the
mobility of all kinematic connections (1):

f=6(4-2+3-2+2-2+1-6)=144.
Then the total number of internal redundant
links will be (3) c; =12+6-24-144=12.
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Fig.2. Main drive of TSM: kinematic (a)
and structural (b) scheme

One RL in each contour with gear-tooth
systems in gears, the effect of which is manifested
in uneven load on the tooth length at linear contact.

It is known [11] that in machines the resistance
to self-alignment of the mechanism links is
determined by the value of the frictional forces that
arise on the elements of the kinematic pairs during
the self-alignment movement.

At continuous self-alignment, frictional forces
worsen the distribution of forces in the kinematic
pairs, which must be taken into consideration. In
transient processes, the spline connection of the
drive cardan joints of the TSM, in some cases, may
not be able to perform the axial self-alignment
mobility, which leads to the transmission of the
axial load of the takeoff shaft of the gear unit, and
possibly to the destruction of the covers of output
shafts. It is more expedient to apply static
determined ball spindles, where axial mobility is
carried out with a small friction or an unloaded
cardan joint, which has a length of the barrel-
shaped toothed ring, in comparison with the
diameter, assigns it to a third-class pair (including
axial mobility with small friction).

The second stage — strengthening, the pipe is in
rolls. After the pipe capture five more independent
contour are formed in the scheme, there are, and
the drive keeps its mobilities. The presence in the
mechanism of external links, in addition to the
internal ones, also requires application of
generalized structural formula, which allows
determining the number of internal, as well as
external RL in the mechanism. The number of
external RL is determined by the formula [5]

Ga :Sa _|:(Wr —Wo)-i-\N':I, (4)

where S, — the number of external links;
W, — actual mobility of the mechanism (with
removed external links); W, — operating mobility
(with acting external links), can be calculated
according to the dependence (2); W, — the number

of lost mobilities of external bodies from the action
of external links. Formula (4) shows how many
external links are spent on reducing the mobility of
the link mechanisms (expression in round brackets)
and the external processed body.

When calculating the number of mobilities of
the outer «roll — tube» pair, it was taken into
consideration that most of the coordinates are
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overlaid with non-retentive links, which impose

a fractional number of constraints [5, 6].
Geometric unilateral links: pipe turn around the

vertical axis (“2¢, ), the pipe movement along the

vertical axis (%2z), turn around the axis
perpendicular to the strengthening axis (2o, ).

A geometric two-way connection is taken along
the axis perpendicular to the strengthening axis (y).
By friction each external connection imposes two
another fractional holonomic friction links, capable
of transmitting the rotation moment around the
longitudinal axis of strengthening (‘2 ¢, ) and force

along the strengthening axis (2x). Then the
number of external links of pairs will be
S.=5-%+ 1 =23Y%, and the total number of external
links S, = 6:3'% = 21. The mechanism mobility has
not changed after the external links application,
therefore W, =W, =12, W, =6 — the pipe can not
move independently of the rolls. After substitution,
the number of external RL is:

c, =21-[(12-12)+6]=15.

Most of the 15 redundant links in the five
external contours are due to the need for elastic-
plastic deformation of the pipe, therefore, in the
strengthening scheme with three pairs of rolls, the
duplication of each of them (pair) of constraints at
the corresponding coordinates causes the
technological deformation of the pipe. In this
guantity of external RL there are also the harmful
ones. Kinematically, it would be enough to make
only the first pair of rollers driven; the other two
driven pairs introduce one torsional (around the
strengthening axis) and axial (along the correcting
axis) tension. Since the links on these coordinates
are frictional, these tensions cause the rolls to wear
out, and in the tube arise torsional and stretching
(compression) tensions that are not needed for
strengthening. In addition, there may be frictional
self-oscillations. Some are compensated by elastic
deformation of the pipe.

Mechanisms of setting relate to the
mechanisms of episodic action, the regulation is
not performed during the technological process and
the size of the links is large as compared to the size
of the kinematic pairs, so it is advisable to perform
a statically determined mechanism, using increased
gaps in the link connections.

Roller angle setting mechanism. It is a simple
triangular spatial mechanism (Fig. 3, a) with one

structural and one local internal independent
contours (Fig. 3, b). Mobility of the mechanism
W =1, total mobility of all kinematic pairs
f=2-1+1-2+1-4=8. Then the number of RL

0, =1+6-2-8=5, where 4 RL in the local

contour 0—1and 1 RL in the structural contour
0-1-2.

In this case, it is necessary to ensure coherence
of the support nodes of the worm 1 during their
manufacturing. The RL in the structural contour is
harmless because it is compensated by breaking-in
of the worm pair 1-2.

v

Fig.3. Mechanism of angle setting of the rolls:
kinematic (a) and structural (b) scheme

The mechanism of axial roll setting of the top
bed. Kinematic (Fig. 4, a) and structural (Fig. 4, b)
schemes are presented without accounting the
device of static balance of weight and selection of
axial gaps of the upper roller node. Structural
parameters of the mechanism: mobility W =1,
number of independent contours k=2, general
mobility of kinematic pairs f=4.-1+1.3=7;
number of RL o, =1+6-2-7=6. The contours

0-1-2 and 0-2-3are symmetric, so each of
them has three RL. If you provide the required
gaps in the slot pair 1-2 and the guides of the
prismatic slider 0-3 (or in the combination
screw-slider 2—3), then in the scheme for 4 RL
will be less.
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a b

Fig.4. Mechanism of axial setting
of the rolls of the top bed:
kinematic (a) and structural (b) scheme

Mechanism of angle setting of rollers of the
bottom bed (Fig. 5,a). The block diagram has
(Fig. 5, b): the number of independent contours
k=2, general mobility of kinematic pairs
f=4.1+1-3=7. Mobility of the mechanism

W=1, and the number of RL s
6,=1+6-2-7=6.
a b

V

Fig.5. Mechanism of angle setting
of the rolls of the bottom bed:
kinematic (a) and structural (b) scheme

The contours 0—-1-2 and 0—2-3, as in the
previously considered mechanism, are symmetric,

so each of them has three RL. The presence of
mobility in a pair of 0—2in the horizontal plane

does not allow to increase the gap in the slip pair
1-2to get rid of tensions in the connections of the
vertical shaft 2.

The mechanism of the axial setting of the
middle roll of the bottom bed (Fig. 6). Hydraulic
axial setting mechanism consists of 2 movable
links, one structural and one local contour, it has
a general mobility in accordance with the formula
(2) W=2 (basis c=1 and local b=1 — piston
rotation around the vertical axis).

Fig.6. Mechanism of axial setting
of the middle roll of the bottom bed:
kinematic (a) and structural (b) scheme

The number of local RL in the contour 0-1
was determined by the formula [5]: o, =ZSi -S,

where »°S; — the sum of all links imposed by

each of the two joints of the body-piston and body-
stem Zsi =4+4=8, S — class of kinematic pair

0-1 S=4,thatis, 4 RL are formed. In the circuit
0-1-2 the number of RL
6, =2+6-1-(1-1+1.2+1.3)=2.

One can eliminate all RL, if in the movable
connection of the stem and the piston a ball-and-
socket hinge will be applied, and the pilot of the
stem-body will be made so short that it would be
possible to attribute the modified kinematic pair to
four-movable one . Then the improved mechanism
will not have RL: W =3, k=2,
f=11+2-3+2-4=15, 5, =3+6-2-15=0.

Originality and practical value

For the first time a structural analysis of the
mechanisms of a cross-roll tube straightening
machine was performed taking into consideration

doi: 10.15802/stp2018/147630

70

© S. S. Zdanevich, R. P. Pogrebnyak, S. V. Zdanevich, 2018



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpascnopty. Bicaux /lHinponerpoBcskoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2018, Ne 5 (77)

HETPAUILIIMHI BUJU TPAHCITIOPTY. MAILIMHUA TA MEXAHI3MU

the presence of external fractional links, which are
superimposed on the pipe-roller pairs.

Practical recommendations for the elimination
of harmful redundant links that were found during
the structural analysis of the main and auxiliary
mechanisms of TSM have been developed.

Conclusions

The main drive of the rollers of the tube
straightening machine is a mechanism of a variable
structure with non-stationary links. The pipe for

the mechanisms of the main drive is an external
working body, which imposes non-retentive
fractional links. The scheme of the main drive
mechanism contains fifteen redundant links, which
are mostly determined by the needs for elastic-
plastic deformation of the pipe; some of them are
harmful and cause tension in contours and
deformation and wear of the drive parts.

In the auxiliary mechanisms of roll setting also
revealed local and structural redundant links. The
ways to reduce them were proposed.
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CTPYKTYPHUM AHAJII3 I PAIIIOHAJIBHE ITIPOEKTYBAHHS
MEXAHI3MIB KOCOBAJIKOBUX TPYBOIIPABUJIBHUX MAIIINH

Merta. B poboTi mnepenbadaeTbcss BUKOHATH CTPYKTYPHHI aHalli3 OCHOBHHX 1 JIONOMDKHHUX MeEXaHi3MiB
TpyOOIpaBMIILHUX MAIlWH, BH3HAYUTH CTPYKTYPHI I JIOKaJIbHI Ha/UIMIIKOBI 3B’SI3KM B CXeMaxX MeXaHI3MiB Ta
3aMpoINOHyBaTH PEKOMEHMAIlli IOM0 iX PpaIliOHATBHOTO MpPOCKTyBaHHA. Mertommka. PimeHHS 3ifCHIOETBCS
3aco0aMu Teopil MEeXaHI3MIB 1 MallIKH 32 IOMOMOTO0 CTPYKTYPHOT'O aHaJi3y MEXaHi3MiB TPyOONpaBHIbLHUX MAIlUH
Ha OCHOBI yHiBepcanbHOI cTpykTypHOi Teopii O. I'. Osona. Pe3yabTraTn. Po3mupeHuii MPUHIUI YTBOPEHHS
MeXaHi3MiB MallMHY, 110 nependavae, OKpiM TBEpAWX HEBUIBHMX TiI, BKIIOYATH 0 CKJIAy MEXaHi3My 1 Tija, 10
neopMyIOThCS, TO3BOJIIE PO3MIIAAATH OyZOBY MalIMH OOpPOOKM METalliB THCKOM 13 ypaxyBaHHSM IUIACTHYHO
nedopMoBaHOT 3ar0TOBKH. ToMy Taki MallMHM BKJIIOYAIOTh 0 CBOTO CKIany Ae(OpPMOBaHY 3arOTOBKY SIK CKIIaJIOBY
JIAHKY MeXaHi3My MallliHH, 3apaau nedopmanii skoi if HagaHHS il MEBHUX FeOMETPUYHUX IAPAMETPIB 1 CTBOPIOIOTH
TpyOomnpaBwiIbHUN arperaT. JlepeKkTH CTPyKTypH MallMH BH3HAYAIOTh 3aKIaJCHI B KiHEMAaTHYHHMX JAHIFOTax
MeXaHi3MIB JIOKAIbHI Ta CTPYKTYPHI HaJIHIIKOBI 3B'I3KH, SKi IEPETBOPIOIOTH MEXaHI3M Y CTaTHYHO HEBHU3HAUCHY
cucreMy. Pyx MexaHi3My 3 IeeKTaMH CTPYKTYpPH MOXKIUBHI 32 HasBHOCTI 3a30piB a00 3a paXxyHOK Jedopmartii
naHok. OCHOBHHMH MeXaHi3M TpyOOIpaBHIbHOT MalllMHU € MEXaHI3MOM 3MIHHOI CTPYKTYpH, TOMY TPOBEJICH aHali3
JUTS TBOX HOTO CTaHIB: /10 3aXOIUICHHS TPYOH BaJIKaMU 1 IiJ Yac BUIIPABICHHs. J{JIs miIpaxyHKy YKClia PyXOMOCTEH
30BHIIIHBOI MMAPU «BAJOK—TpyOay OyJI0 BpaxoBaHO, IO 33 OUIBINICTIO KOOPIUHAT HAKIIAAAIOTHCS HEYTPUMYBAJbHI
3B’SI3KH, KI MICTATH Jpo0OOBE YMCIO 00OMEXKeHb. BUsBIEHO I’ ITHAALATD HAUTUIIKOBHX 3B’SI3KIB y CXEMI1 OCHOBHOTO
MeXaHi3My. 3’scoBaHa KiIbKICTh HAJUTUIIKOBUX 3B’SI3KIB y JONMOMDKHUX MEXaHi3Max TpyOONpaBHJIbHOI MallHHU.
HaykxoBa HoBu3Ha. CTpyKTYPHOTO aHaji3y TpyOONpaBHIbHAX MAILHH i3 MOIIYKOM Ha/UTMIIKOBHX 3B’SI3KIB paHilie
HE BUKOHYBaJld. Y poOOTI MPOBEAECHO CTPYKTYpPHHH aHANI3 MEXaHi3MiB KOCOBAJIKOBOI TPyOONpPaBMILHOI MAIINHU
BIIEpIIE 3 ypaxyBaHHSAM HASBHOCTI 30BHILIHIX JpOOOBHX 3B’S3KiB, IO HAKIAAAIOThCS B Mapax «BaJOK—TpyOay.
IIpakTuuna 3HauMMicTh. Po3po0ieHi mMpakTW4HI peKOMeHHalii 1010 YCYHEHHsS MIKIUIMBUX HaUTUIIKOBHX
3B’sI3KIB, 3HAWJEHUX IIJ Yac CTPYKTYPHOTO aHajJi3y OCHOBHHUX 1 JOMOMDKHHX MEXaHI3MiB TpyOONpaBMIBHOI
MalIiHy.

Kniouosi cnosa: tpyOompaBuiibHA MAIlIMHA; CTPYKTYPHUN aHANI3; HAJIMIIKOBI 3B’SI3KW; 30BHIIIHI ApOOOBI
3B’SA3KH
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CTPYKTYPHBII AHAJIN3 U PAIITMUOHAJIBHOE TIPOEKTUPOBAHUE
MEXAHHU3MOB KOCOBAJIKOBBIX TPYBOIIPABUJIBHBIX MAIINH

ue.]]b. B pa60Te npeanojiaracTcs BbIIIOJHUTD CprKTypHBIﬁ aHaJIn3 OCHOBHBIX W BCIIOMOI'aTCJIBHBIX
MEXaHHU3MOB pr6OHpaBI/IJ'ILHLIX MallvH, ONPEACINTb CTPYKTYPHBIC M JIOKAJIbHBIC M30BITOYHBIE CBS3H B CXEMax
MEXaHHU3MOB n MNpEAJIOKNUTH PEeKOMEHAAINN OTHOCHUTCJIBHO ux paOHAJIBHOTO MIPOCKTUPOBAHUSA.
MeTomea. Pemenne OCYHICCTBJIACTCA CPEACTBAMU TCOPUM MEXAHU3MOB U MalllMH C MNOMOLIBKO CTPYKTYPHOI'O
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HETPAUILIIMHI BUJU TPAHCIIOPTY. MAILIIMHUA TA MEXAHI3MU

aHaJ M3a MEXaHU3MOB TPYOOIpaBWIILHBIX MalllMH Ha OCHOBE yHUBepcajbHOW cTpykTypHOH Teopuu O. I'. O3zona.
PesysabTarsl. PacmupeHHbI NpUHIMI CO3JaHMS MEXaHM3MOB MAIllMH, KOTOPBIH HpeaycMaTpHBaeT BKIIIOYATh
B COCTaB MEXaHHW3Ma, KPOME TBEPIBIX HECBOOOAHBIX TeJ, U Ae(hOPMHUPYIOLINECS Teia, MO3BOJSIET PacCMaTPUBAThH
CTpOEHHE MamMH OOpabOTKM METaUIOB JAABJICHHEM C YYETOM IIIACTHYECKH Ae(hOPMHUPOBAHHON 3arOTOBKH.
ITosToMy Takme MaIIMHBI BKIIOYAOT B CBOM COCTaB Ie(OPMUPOBAHHYIO 3arOTOBKY KaK COCTaBJIAIOIIEE 3BEHO
MEXaHM3Ma MallNHBL, pagd Ae(opManuu KOTOPOH M NMpHUIAHUS € ONpeAETICHHBIX T€OMETPHIECKUX MapaMeTpOB
U CO37AI0T TPYOONpaBHIbHEIN arperat. JleeKTbl CTPyKTYphl MAIlIMH ONPEACIAIOT 3aJI0)KEHHbBIE B KHHEMATHUECKUX
3BEHBSIX MEXAaHM3MOB JIOKAJIbHbIE M CTPYKTYPHBIE W30BITOUHBIE CBSI3H, MPEBpALAONINEe MEXaHH3M B CTaTUYECKH
HEOoNpeIeJICHHYI0 cucTeMy. J[BrkeHue MexaHu3Ma ¢ JedeKkrtaMu CTPYKTYpbl BO3MOKHO MIPU HAJIMYMH 3a30POB HIIH
3a cuer gedopmauuu 3BeHbeB. OCHOBHOMH MEXaHW3M TpPyOONpaBHIBHON MAIIMHBI SBISIETCS MEXaHU3MOM
MEPEMEHHOI CTPYKTYpBI, IO3TOMY NPOBEJCH aHAJIN3 JJI ABYX €r0 COCTOSHHUM: J0 3aXBaTa TPyObl BaJIKaMH U IIpU ee
npaBke. [Ipu nogcyere yncna MoIBMKHOCTEH BHEIIHEH Mapbl «BAIOK—TPy0a» OBIJIO YYTEHO, YTO 32 OOJIBIIUHCTBOM
KOOpPJMHAT, KOTOPBIE COAEPKaT IPOOHOE YHCIIO OTpaHUYCHUH. BBIsSBIEHO MATHAAATh M30BITOUHBIX CBSI3€H B CXeMe
OCHOBHOTO MexaHm3Ma. OTmpeneneHO KOIMYECTBO H30BITOUHBIX CBS3€ll BO BCIOMOTaTENbHBIX MEXaHU3MAax
TpyOomnpaBmipHON Mammubl. HayyHnasi HoBu3Ha. CTpyKTypHBIN aHann3 TpyOOIpaBMJIBHBIX MAIIMH C MOWUCKOM
N30BITOYHBIX CBS3€H paHbIIE HE TNPOBOAMIN. B paboTe BBHINOMHEH CTPYKTYPHBIH aHAJIN3 KOCOBAJIKOBOM
TpyOOIpaBMIIbHON MAIIWHBI BIEPBHIE C YYETOM HAJIW4Ms BHEIIHMX APOOHBIX CBSA3EH, KOTOpPBIE HAKIIAJbIBAIOTCS
B Iapax «BajoK-TpyOa». [IpakTuyeckast 3Ha4UMMOCTb. Pa3paboTaHbl MPaKTHYECKNE PEKOMEHIANN OTHOCUTEIIHHO
YCTpaHEHUS! BPEOHBIX M30BITOUHBIX CBSI3¢H, KOTOpbIE OBUIM HAWICHBI IPH CTPYKTYPHOM aHAJIM3€ OCHOBHBIX
U BCIIOMOT'aTeNIbHBIX MEXaHU3Max TPyOONpPaBHIIbHOM MaIlIHBI.
Knroueswie criosa: TpyOonpaBuiIbHAS MAIlIMHA; CTPYKTYPHBIH aHaIM3; U30BITOYHBIC CBS3H; BHEIIHUE APOOHBIE
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