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INVESTIGATION OF STRESS-STRAIN STATE OF PACKET NODE
CONNECTION IN SPATIAL VIBRATION SHAKERS

Purpose. Using the study of stress-stain state of the CNs (connection nodes) used in multi-axis translational shak-
ers formed as a package of TEEs (tape elastic elements), to formalize dependencies of their mechanical and struc-
tural parameters on the range of operating frequencies and the level of transmitted mechanical loads in the shaker
node. Additionally, to take into account the impact of the force reproduced by the node on the elastic deformations
of the unit considering that a particular tape unit undergoes bending in two planes, as well as displacement and
stretching simultaneously. To develop a method for calculating the structural and mechanical parameters of the con-
sidered CNs regarding the known values of amplitude and frequency parameters yiclded by the stand of dynamic
loads.

Methodology. The study is based on the fundamental approaches of applied mechanics, modeling theory, ma-
chine dynamics and vibration reliability.

Findings. Dependences of thickness, length and width of the tape elastic elements, as well as their number in the
package and the number of packages in the connection node in the direction of the transmitted vibration on the given
stiffness and strength characteristics are obtained. A method is developed for calculating structural and mechanical
parameters of the elastic elements, taking into account the specified parameters of the amplitude and frequency char-
acteristics of strains reproduced by the stand.

Originality. For the first time, a technique is proposed for calculating structural parameters (thickness, length,
width of the tape, the number of elastic elements in the package, the number of packages in the CN) and the me-
chanical characteristics (compliance of the package, the endurance limit of the elastic element material) of the CN,
taking into account the frequency range specified by the regulatory document and the levels of vibrational loads re-
produced on the platform of the stand. In this case, the stress-strain state of each elastic element of the package in-
cludes its work on bending in two planes, displacement and stretching and satisfies the strength and rigidity conditions
of the CN altogether. Taking into account the requirements for the preset rigidity of the package in the non-opera-
tional direction, and small value of tape thickness, the conditions of durability and rigidity are eventually satisfied due
to the possibility to alter a number of tapes in the package. The stiffness of the package of elastic elements as well as
the number of packets in the connection node are determined according to the conditions for carrying out vibration
tests in the operating frequency ranges and the levels reproduced on the shaker table of mechanical loads.

Practical value. The use of the considered CNs in the form of TEE packages for jointing the tables of vibration
exciters with many degrees of freedom with a platform and a platform with a fixed base provides the following advan-
tages: simplicity of manufacture; no additional energy costs for their maintenance; light weight that unloads the table
suspension of vibration exciters in the non-working direction, which makes them more reliable; linearity of the stiff-
ness of the node in the transmitted vibration direction. In particular, their use as CNs in joined constructive details of
different formations increases reliability, durability and maximum weight capacity of machines, equipment and
mechanisms used in mining engineering, as well as vibration, aviation, transport and space technologies.
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Introduction. Vibration is a basic kind of test to probe
structures, machineries, components and product units,
aiming to determine their ability to perform their func-
tions within the limits of given standards [1], as well as
their ability to resist the destructive effects of vibration
loads [2]. The exploitation of most modern machinery
units, mining equipment, vibration equipment, aviation
[3], transport and space machinery [4] operating under
the action of spatial vibration when vibration vectors
change both in magnitude and direction in time depen-
dence. As a result, [5] elements of CNs of machine
unites perform spatial vibration and experience complex
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stress, including the directions which are not peculiar to
a given operating movement. Mechanisms whose com-
ponents are joined by CNs have particular durability pa-
rameters [6], strength and rigidity [7]. These parameters
essentially depend on features of the nodes considered
here, and these dependencies can be characterized by a
linear rule. These parameters significantly affect the ac-
curacy of multi-axis vibration [ 1] produced by the stand,
which ultimately determines the quality of research in
the physics of vibration failures [5]. Unlike machines
performing vibration and striking [8], rod, electromag-
netic [9], greased and lubricated CNs, the ones consid-
ered in this paper are made in the form of a package of
TEEs. They are distinguished by simplicity of manufac-
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turing, do not require additional energy to maintain
their performance, have low weight, and most impor-
tantly, they are characterized by linear dependencies of
stiffness in the transmitted vibration direction [5]. Sol-
ving the problem of design and calculation of spatial
shaker CNs and critical machine parts leads to higher
reliability and durability of the equipment used in multi-
axis dynamic loading conditions. Therefore, this prob-
lem is one of the most pressing in modern science and
technology.

Analysis of the recent research. The practical use of
CNis of spatial shakers shows that they must satisfy the
following basic requirement, i.e. the absence of interfer-
ence between displacement of joined parts in the direc-
tion of the transmitted vibration and conjugate direc-
tions.

Problems related to the design and calculation of
rob, electromagnetic, and greased CNs of multi-axis
shakers were solved theoretically [3] and practically [1].
However, the possibility to meet the above mentioned
basic requirement is not considered, which reduced the
accuracy of the reproduced spatial vibration on the stand
and, consequently, the veracity of probing DUTs for vi-
bration reliability tests.

The objective of the paper is to design CNs of vibra-
tion exciter tables with a fixed base of two or three-axial
translational shakers, which are invariant to the type of
testing object, as well as to the range of operating fre-
quencies and the level of vibration loads transmitted by
the CN. Another objective is to develop a method for
calculating structural and mechanical characteristics of
CNs’ TEE of joints of spatial shakers with regard to the
parameters reproduced on the platform of mechanical
loads.

Presentation of the main research. This article is de-
voted to the study of CNs of spatial translational shakers,
formed as a package of TEEs. The analysis of their stress-
strain state is conducted with regard to the amplitude and
frequency values reproduced on the stand of dynamic
loads. The sketch of two-axial translational shaker, with
regard to [5], is shown in Fig. 1. Here one can see: / and 2
are horizontal and vertical vibration exciters, 3is the stand
platform, 4 and 7 are housing parts of the stand; 5 and 6
are CNs of body parts and vibration exciter tables. The
vibration exciters / and 2 are made in the form of elastic
elements package and strain rollers. The stand vibration
exciters are rigidly mounted on a fixed base. However,
Fig. 1 does not show connection nodes of the platform on
the stationary base with a roller straining device.

Experiments have shown that a wrong design (the
number of packets, the number of tape elastic elements
in the package), or choosing inadequate geometric
(thickness, width, length, configuration) or mechanical
(fatigue limit, safety factor of the fatigue strength) pa-
rameters of the CNs lead to fatigue failure of node pack-
age or general failure of the whole shaker.

Considering [1], applied to vibrating equipment,
geometrical and mechanical parameters of a package of
tape elastic elements in each (horizontal and vertical)
CN should satisfy the following rigidity and strength
conditions
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where f'is calculated and f* is given operating frequen-
cies of the shaker; m is the mass of the shaker movable
part (e.g. a platform, a testing object, a fastening de-
vice); 8., = 1/c is CN static displacement by a force unit;
¢ is CN stiffness in the direction of transmitted vibra-
tion; o is an equivalent stress at CN; c_; is endurance
limit of node tape material; & is a safety factor of the fa-
tigue strength.

The rigidity condition (1) determines the range of
shaker operating frequencies, and the condition (2) is its
performance in the given range of operating frequencies
and durability.

In the expression (1) 3., stands for the unknown
shift unit. To determine its value, we need to consider
Fig. 2 first. Here Fis a force of vibration excitation, di-
rected along its eigen vector, / and 2 are fastening con-
structional details of the connection nodes package, 3 is
a package internal tape, 4 is a belt staining roller of ra-
dius r; M,, M, are moments in cross-section elastic ele-
ment 3; R,, R,;, Ry, are reactions of the rod sealing, cor-

Fig. 2. Mechanical scheme of a package resilient element
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responding to force of vibration excitation F and roller
straining force per one package tape P. The sketch and
Fig. 1 do not demonstrate a strain roller design.

In this case, the presence of roller 4 in Fig. 2 placed
between housing components 4, 7 of the stand shown in
Fig. 1 and rigid fixation of fasteners /, 2 ensure the ab-
sence of torsion deformation of the package elastic ele-
ment at sections ¢, and a, in Fig. 2.

The force of strip tension by the roller P is deter-
mined experimentally at the stage of manufacturing the
packages by condition of absence of torque in the cross
section of the rod at the kink curved section. As a result,
it makes a tight seal of the strip to the tension roller con-
structively strip in a predetermined range of amplitudes
of the vibration excitation force F.

From the condition of static equilibrium of element
3, taking into account its structural symmetry, we find
the following identities M, = M, = M; R,= F; R, = R\, =
=N=P/2.

Besides, in equation (1) m = F/g (g is gravitational
acceleration), and in (2) F= ma,,/n, where a,,,, is the
maximum amplitude value reproduced on acceleration
stand, n = n,n, is the number of resilient items in CN, »,
is the number of packages in the CN and », is the num-
ber of tapes in the package.

For separate sections of the curved rod (Fig. 3, a), in
its cross sections using [10], we deduce the following ex-
pression, longitudinal N, and transverse Q,, 0, forces,
bending M, M, and torques M,:

Fig. 3. Diagrams of internal forces: general view of a re-
silient element (a), diagram of bending moments if
F=1(b), diagram transverse forces if F= 1 (c)
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- section 1

(O<x<ay); N,=N; 0,=0; O,=F

M,=-M+ Fx; M,=0;
- section 2
O<o<m); No=N, 0,=0;
Q) ,=N;, M,=0; 3

M, =—-Mcos¢ + F(a, + rsing) coso; M,,=0;
- section 3

(O<x<ay); N,=N; 0,=0; M,=0;

M.= M- F(a,-x); M,=0.

According to the moment method [10], it is possible
to find the moment M in the kink of the elastic element

M= _Alf/611>
where

1= 1%
A= ZE—IZJ MM ,ds :E—J ! (—1) Fxdx +
+][‘(—COS(p)F(al +rsin(p)cosq)rdq)+T1~F(al —x)dx} =
0 0

:E(czl2 +2a,a,—a? +nra, +4r2/3);

1 — —
611 = ZEJ‘MMdS =
z

—1)2 dx + T 1dx + ]E(—COS(I))Z rd(p} =
0 0

ot—
—_—~

1 T
=—ol/a +a,+— |
EI, 2

The last formula determines turning the end of the
strip from F and from unit moment M = 1, respectively;
E and I, are modulus of elasticity of the first kind and
the moment of inertia of the element section, respec-

tively.
After transformation we obtain the following
M=C\F, 4)
and whena,=a,=a
- a*+mra/2+2r/3
e 2a+ TU’/ 2 '

Fig. 3, b shows the diagram of bending moments M,
and Fig. 3, ¢ demonstrates the diagram of transverse
forces Q, by applying F= 1.

In the expression (4) we vary the length of the straight
section a, and straining roller radius r, and also the value
of vibration force F.

In order to determine the eigen frequency f of the
shaker in the direction given for the exciter, let us find,
using (3), the static rod displacement in Fig. 3 in the
same direction when F= 1.
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where G, A are absolute values of resilience of the sec-
ond kind and square of the item cross section; p is a tan-
gential stress distribution unevenness coefficient (for
rectangular section [10]: p = 1,2).

Conducting integration, having a, = a, = a, we obtain

1

8y =——C,+——0C,,
GA *EI

where
C,=2a+mr;
2 wra* 4r'a wd

C=—+ + +—-
3 2 3 8

2
-C, (2(12 +mra +4%J+C22 (2a+%r].

While determining the equivalent stress ¢ in (2) we
take into account that the tape material undergoes a
complex stress state: stretching, bending and displace-
ment (shift, shear). Sectional views shown in Fig. 4,
where /4 and b are the width and thickness of the elastic
member, respectively. Depending on the strip aspect ra-
tio, critical sections are places where the tape bends over
the roller, and as far as the cross section is concerned, it
is the corner point A and point B in the middle of the
long side.

Here we may select the following forces: the normal
stresses of the longitudinal force, bending moment,
bending of the strip onto the roller and straining forces
on roller force at points A and B

ol = Nir 8¢, + @;
bh bh*  2r

N
cl=cl=——;
rh

w 3F
v 2bh

where the last one is tangential stresses in the point B.

N
=

z

A
|
[y ]
b — >y
d
B' h

x v

Fig. 4. Resilient element cross section
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Equivalent stress ¢ in (2) can be found using the en-
ergetic theory of strength [10]

2 2
ol = G)/CI+GZA +3 Gf—G? .
2 2 ’

2 2
ol = oy +07 +3 oy~ +3(1:B)2.
2 2 d

However, the main equation in calculations is (1),
which may be reduced to

£=0.15915 |- > .
md

no

Here we can find measures of the number of tapes in
the connection node n, for the given range of frequen-
cies of the shaker

n>39.48m3,,,(f*)*. (6)

The final value of the number # of strips of tape resil-
ient elements is set as the multiplier of the number of
packages in the connection node.

The given condition (2) serves as the verification for
the number n. Nevertheless, if the condition is not ful-
filled, one should use other precision alloys with endur-
ance limit o_;. Additionally, one may choose new pa-
rameters of width 4 and height b of the strip.

All the above mentioned routine is iterated until both
conditions (1, 2) are fulfilled simultaneously.

Calculation. As an example, we consider a two-axial
shaker Fig. 1 whose CNis are resilient tape elements.

Let us use the following input parameters for com-
putation: the number of packets in the connection node
is 4; geometric parameters are: @, =a, =3 - 102m; b =
=2-10"*m;h=14-10?m; r=1.25- 107> m; mechanical
parameters are: k =2; u=1.2; c_, = 1610 MPa (the strip
is made from dispersion-hardened alloy 40KXHM);
f=800cl;m=20kg; E=2-10"Pa; G=04F; F=
=4 -10° N. Let the straining force of the roller be P =
=7000 N. Thus, the longitudinal force N = 3500 N.

According to (1), the computation yields n = 27.5. If
the number of packages in the CN is 4, let us assume
n = 32. Consequently, each package should contain
8 strips. Now we should find the number of strips ac-
cording to the bending radius: » = 1.25 - 102+ 4b =
=1.33 - 102 m. This gives a corrected number of strips:
n=28.2. It does not exceed the previous one n = 32.

Let us now fulfill the verification calculation by con-
dition (2) for the most strained internal strip in the
point B of the cross section in Fig. 4 in the place of strip
bending over the roller by c_,/k =805 MPa

o'=55.2 MPa < 805 MPa.

Finally, we may conclude that the received number
of resilient elements in the CN satisfies both stiffness
and strength conditions with the safety factor of the fa-
tigue strength k = 2.

Conclusion. The significance of the research lies in
creating a method for calculating structural and me-
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chanical characteristics of CNs in multi-axis transla-
tional shakers, formed as a package of TEE. Herewith
we take into account the preset parameters of the ampli-
tude and frequency of vibration loads produced by the
shaker. The obtained results can be used in practical ap-
plication as the basis for constructing two and three-
axial shakers for vibration resistance tests, vibration re-
sistance, and vibration analysis of DUTs operating un-
der the conditions of spatial vibration.
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Meta. @opmartisyBat Ha 0as3i JOCTIIKEHHS Ha-
MIPYy>XeHO-1e(OPMOBAHOTO CTaHy BY3JiB 3’€THAHHS
0araToOKOOpAMHATHUX IIOCTYNAJIbHUX BiOPOCTEHIIB,
BUKOHAHUX Y BUIJISIAI MAKETiB CTPIUKOBUX IIPYXKHUX
€JIEMEHTIB, 3aJIeKHICTh iX MEXaHIYHUX i KOHCTPYKTUB-
HUX IMapaMeTpiB Bif Aiama3oHy poOOUMX YaCTOT i piBHS
MEeXaHIYHUX HaBaHTaXXeHb, 1110 TIePeNaroThCs By3IaMu
BiOpocTeHaa. YpaxyBaTu MpU LIbOMY BIUIUB BiITBOpE-
HOTO BY3JIOM 3yCHJLIISI HA MPYXKHi AedopMallii okpeMo-
IO CTPiYKOBOIO €JIEeMEHTA, 110 MA€ OAHOYACHO 3TUH Y
JIBOX IUIOILLIMHAX, a TAKOX 3CYB i pO3TSrHEeHHs. Po3po-
OUTHU METOIMKY PO3paxXyHKy KOHCTPYKTMBHUX i Mexa-
HIYHUX TTapaMeTpiB PO3TIITHYTUX BY3JiB 3’€IHAHHS 3
ypaxyBaHHSIM 3aJaHNX 3HAYCHb aMIUTITYTHUX i YaCTOT-
HHUX XapaKTepUCTHUK, BiITBOPIOBAHUX CTCHIOM IWHA-
MiYHMX HaBaHTaXEHb.

Meromuka. JlocnimkeHHs1 0a3yloThcsi Ha (yHma-
MEHTAJIbHUX IIiAXOmax MPUKIAIHOI MEXaHiKu, Teopii
MOJEJIOBaHHS, JMHAMiKM MallMH i BiOpalliliHoi Ha-
IiTHOCTI.

Pesyabrat. OTpuMaHi 3a7eXXHOCTI MOAATIMBOCTI
BYy371a 3’€IHAHHS B HANIPSIMKY MepeJaHoi Biopallii, TOB-
IIWHU, TOBXWHHU 1 IIUPUHH CTPIYKOBUX ITPYKHMX eJIe-
MEHTIB, a TAKOX X KiJIbKOCTi B TaKeTi i KiJIbKOCTi ma-
KETiB y BY3Ji 3’€IHAHHS BiJ 3aJaHUX XapaKTePUCTUK
MilIHOCTI # XopcTKocTi. CTBOpeHa MeToIMKa po3pa-
XYHKY KOHCTPYKTUBHUX i MEXaHIYHUX ITapaMeTpiB po3-
[JISTHYTUX TIPY>KHUX €JIEMEHTIB, 1110 BPaXOBYE IapaMe-
TPU aMIUTITYIHUX i YaCTOTHUX XapaKTePUCTUK BiITBO-
PIOBaHUX CTEHAOM HaBaHTaXEHb.

HaykoBa HoBM3HA. Yrieple CTBOpeHa MeETOIMKA
pPO3paxyHKy KOHCTPYKTMBHUX MapameTpiB (TOBLIMHA,
JIOBXWHA, IUPUHA CTPIYKU, KiJTbKICTh MPYXKHUX eJie-
MEHTIB Y MaKeTi, KiJIbKICTh MAKETIB Y BY3JIi 3’ €IHAHHS)
i MEXaHIYHUX XapaKTePUCTUK (MTOAATIUBICTb MAKETY,
MeXa BUTPUBAJIOCTI MaTepialy MPYXHOTO €JIeMEHTA)
By3Ja 3’€IHAHHS 3 ypaXyBaHHSIM 3aJaHUX HOPMAaTUB-
HUM JOKYMEHTOM: JIialla30Hy pOOOYMX YaCTOT i piBHIB
BinTBOpioBaHMX Ha TIaTGopMi CTeHIa BiOpaLliiHUX
HaBaHTaxXeHb. [Ipu 1IbOMy HaIpyxXeHo-aehopMoBa-
HUI CTaH KOXKHOTO TPY>KHOTO eJIeMEHTa MaKeTy BKIIO-
yae oro podOTY Ha 3TUH Y ABOX IJIOLIMHAX, 3CYB i pO3-
TSTYBaHHS Ta 3aI0BOJIbHSIE YMOBaM MIllHOCTi i XKop-
CTKOCTi By3ja 3’€QHaHHS B LiTOMY. 3 ypaXyBaHHSIM
BUMOT J0 3aJaHOI XXOPCTKOCTi MakeTa B HEPOOOUOMY
HaIpsIMKY, a TaKOX MaJjioi TOBIIUHU KOXHOI CTPiUKU,
YMOBM JOBIFOBiYHOCTI i KOPCTKOCTi 3a10BOJIbHSIOTh-
¢4, Yy KIHIEBOMY MiICYMKY, 32 paXyHOK KiIbKOCTi CTpi-
YyoK y nakeTi. 2KopcTKicTh makeTy Npy>KHUX eJIEMEHTIB,
a TaKOX KiJIBKICTb TTaKeTiB y By3Ji 3’€IHaHHS BU3HAa-
YalThCs 3 YMOBU IIPOBEEHHS BiOpaLliliHUX BUIIPOOY-
BaHb Y Jliarla3oHaxX poOOYMX YacTOT i piBHIB, BiITBOPIO-
BaHUX Ha TIaTGOpMi CTeHAY MeXaHiYHMX HaBaHTa-
JKEHb.

IIpakTiyna 3HayMMicTb. 3aCTOCYBaHHSI PO3TJISTHY-
TUX BY3JIiB 3’€IHAHHS y BUIJISIAI MaKeTiB CTPIYKOBHUX
MPY>XHUX €JEMEHTIB U151 3UJIeHYBaHHS CTOIB 30yIHU-
KiB KOJIMBaHb MPOCTOPOBUX BiOpOCTEHAIB i3 T1aThop-
MOIO i IaTHOPMU 3 HEPYXOMOIO ITiICTaBOIO 3a6e3me-
4yye, Ha BiIMiHY Bil CTPUXKHEBUX, €JIEKTPOMATHITHUX, &
TaKOX TIPUTEPTHUX i 3MAIICHNX BY3IiB 3’€THaHHS, TaKi
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repeBaru: MPOCTOTa BUTOTOBJICHHST; BiICYTHICTH BU-
TpaT 10JaTKOBOI €HePTil Ha MiATPUMKY Mpale3gaTHOC-
Ti By3J1a; iOr0 He3HaYHa Bara, 1110 PO3BaHTaXYE ITiJBi-
CKY CTOJIB 30yIHUKIB CTEHIY B HEPOOOUOMY HATIPSIM-
Ky, TOOTO pOOUTH iX OLIbII HAMIMHUMM; TiHIAHICTb Xa-
PaKTepUCTUKHU KOPCTKOCTI By3Jia B HAMPSIMKY Tepeaa-
Hoi Bibpauii. Ix BUKOpUCTaHHS, HATPUKIIAL, B SKOCTI
BY3J1iB 3’€JHaHHS NeTajeil KOHCTPYKIIiii Ta arperatis,
1110 34JIEHOBYIOThCSI, MiABUIIYE HAAiHICTh, JOBrOBiU-
HICTb i Hecyuy 3JaTHICTh B eKCIUTyaTallii MallluH, 00-
JIaTHaHHS W MeXaHi3MiB TipHUYOTr0 MallMHOOYTyBaH-
H$1, BiOpaliifHO1, aBiallilHO1, TPAHCIIOPTHOI I KOCMiY-
HOI TEXHiKU.

Kimouosi cnoBa: 6yziu 3’ednanns gibpocmenda, 6i-
OpayiiHi HABAHMAJICEHHS, JICOPCMKICMb NaKemy npyic-
HUX eaemenmis, dianazon pobouux yacmom

Hccnenopanue HANpsKeHHO-
J1e()OpPMHUPOBAHHOTO COCTOSHUS MAKETHBIX
Y3JI0B CO€JMHEHHS TPOCTPAHCTBEHHbIX
BHOPOCTEHIOB

B.I1. lnauyk', H. A. 3acaovko', B. B. Iyoko?

1 — XapbKOBCKUI1 HAIIMOHAIbHbIII YHUBEPCUTET FOPOJICKOTO
xo3saiictBa umeHu A.H.bekertoBa, r. XapbkoB, YKpauHa,
e-mail: v.p.shpachuk@gmail.com

2 — TocynmapcTBeHHOE TMpEANpUsITUE ,,XapbKOBCKOE KOH-
CTPYKTOPCKOE OI0pO MO MAIIMHOCTPOECHUIO UMEeHU A. A. Mo-
posoBa“, 1. XapbkoB, YKpanHa

Henb. ®opmanusoBath Ha 6a3e UCCIeIOBAHUS Ha-
MPsSKeHHO-1e(hOPMUPOBAHHOTO COCTOSIHUS Y3JIOB CO-
eIMHEHMUS] MHOTOKOOPIMHATHBIX ITOCTYIATEeJIbHBIX BU-
OpOCTEH/IOB, BBIMOJHEHHBIX B BUJIE ITAKETOB JIEHTOY-
HBIX YIIPYTUX 3JIEMEHTOB, 3aBUCUMOCTh UX MEXaHNYe-
CKHUX M KOHCTPYKTMBHBIX IapaMeTpPOB OT IHAalla3oHa
paboumx YacTOT M YPOBHS IepelaBacMbIX y3JIOM BU-
OpocTeHIa MeXaHMIECKUX Harpy30K. YUeCThb IIPH 3TOM
BIMSTHUE BOCIIPOM3BOAMMOTIO Y3JIOM YCUJIUS Ha YIIPY-
rue aedopMaluy OTAEIbHOIO JIEHTOYHOIO DJIEMEHTA,
KCIBITHIBAIOLIEIO OMHOBPEMEHHO M3rMO B ABYX ILIO-
CKOCTSIX, a TakxKe CIBUI U pacTsikeHue. PaspaboraTh
METOIUKY pacdyeTa KOHCTPYKTUBHBIX M MEXaHUYECKUX
rapaMeTpoOB pPaccMaTpUBAEMbIX Y3JIOB COCAMHEHUS C
YYETOM 3aJlaHHBIX 3HAYCHUI aMIUTUTYIHbIX U 4aCTOT-
HBIX XapaKTEePUCTUK, BOCITIPOM3BOAMUMBIX CTEHIOM V-
HaMWYECKUX Harpy30K.

Metomuka. MccnenoBaHust 6a3upytorcs Ha pyHaa-
MEHTAJIbHBIX TTOIX0oAaX MPUKIaTHON MEXaHUKH, TEO-
PUM MOICITMPOBAHUS, IMHAMUKYA MAIIMH U BUOpAIIM-
OHHOI HaZeXKHOCTH.

Pesyabratsl. [1oydeHbl 3aBUCMMOCTH OIATIABO-
CTH y3J1a COEIMHEHMS B HaIpaBIeHUM IepeaaBaeMoii
BUOpAIIUM, TOJIIIWHBI, IJIUHBI U ITUPUHBI JIEHTOYHBIX
YIIPYIUX 2JIEMEHTOB, a TAKXKe UX KOJIMYeCTBa B MakeTe
M KOJIMYECTBA MAKETOB B y3ji¢ COCIMHEHHUs OT 3a/JaH-
HBIX JKECTKOCTHBIX M IPOYHOCTHBIX XapaKTePUCTHUK.
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CosgaHa MeToanKa pacuyeTa KOHCTPYKTUBHBIX 1 MeXa-
HUYECKUX ITapaMEeTPOB paccMaTPUBAEMBIX YIIPYTHUX
5JIEMEHTOB, YUUTHIBAIOIIAS 3aJaHHbIC TTapaMeTPhl aM-
IUTUTYIHBIX M YACTOTHBIX XapaKTEPUCTUK BOCIIPOU3BO-
JTUMBIX CTEHIOM Harpy3oK.

Hayunas nHoBu3Ha. BriepBble npenioxeHa MeTOIM-
Ka pacyeTa KOHCTPYKTUBHBIX MapaMeTpoB (TOJIIMHA,
JUTMHA, T PUHA JIEHTBI, KOJTUYECTBO YIIPYTUX JIEMEH-
TOB B TlaKkeTe, KOJWYECTBO MaKeTOB B Y3Jie COeIMHE-
HUST) U MEXaHWYECKMX XapaKTepUCTUK (ITOAATIMBOCTh
TaKeTa, Tpesesl BBIHOCIUBOCTA MaTepuasia yIpyroro
5JIEMEHTA ) y3J1a COSAMHEHUS C YIeTOM 3aJaHHBIX HOP-
MAaTHBHBIM JOKYMEHTOM: IUAara3oHa pabovYrx 4acToOT U
YPOBHEN BOCIIPOM3BOAMMBIX Ha IUIaTdopMe CTEeHIA
BUOpALIMOHHBIX Harpy3ok. Ilpu 3TOoM HampsKeHHO-
neopMUPOBAaHHOE COCTOSTHME KaXIIOro YIIPYroro
BJIeMEHTa TMaKeTa BKIIOYaeT ero paboTy Ha M3rub B
JIBYX TUIOCKOCTSIX, CIBUT U PacTSIKEHUE U YIOBJIETBO-
psIeT YCAOBUSIM MPOYHOCTU U XKECTKOCTU y3/1a COeau-
HeHust B 1ejaoM. C yyeToM TpeOOBaHUIA K 3alaHHOM
JKECTKOCTH TTaKeTa B HepaboueM HalpaBJIeHUH, a TaK-
K€ MaJloll TOJMIIMHBI KaXI0U JIEHTBI, YCIAOBUS TOJTO-
BEYHOCTH M KECTKOCTH YIOBJIETBOPSIIOTCSI, B KOHEY-
HOM UTOTE, 3a CYET KOJIMUECTBA JICHT B Imakere. 2KecT-
KOCTb TaKeTa YIPYTUX 3JICMEHTOB, a TaKXkKe KOJIMJe-
CTBO ITaKETOB B y3JIc COCAMHECHUS OIPEACIISIIOTCS M3
YCIIOBUST TIPOBEACHUSI BUOPALIMOHHBIX WCITBITAHUIA B
IHana3oHax paboyux 4acTOT U YPOBHE, BOCIIPOU3BO-
IUMBIX Ha TIaTGopMe CTeHIa MEeXaHUYEeCKUX Harpy-
30K.

IIpakTuyeckas 3HauuMocTb. [IpuMeHeHMre paccMo-
TPEHHBIX Y3JI0B COCTNHEHUS B BUAE MAKETOB JICHTOY-
HBIX YIIPYTHX 3JIEMEHTOB JIJISI COUJICHEHUS CTOJIOB BO3-
OynuTesneil KojebaHW MPOCTPAHCTBEHHBIX BUOPO-
CTeH/IOB C TIATGOPMON U TIIATGHOPMBI C HETTOIBYIXK-
HBIM OCHOBaHMEM 00eCIIeYMBAECT, B OTJINYINE OT CTEPXK-
HEBBIX, 2JICKTPOMAarHUTHBIX, a TaKXKe IIPUTEPTHIX U
CMa3aHHBIX Y3JIOB COCIMHCHUSI, CICAYIONINE TIPEUMY-
IIECTBA: TPOCTOTAa M3TOTOBJICHMS; OTCYTCTBUE 3aTpar
TOTIOJTHUTEJIbHOI SHEPTUM Ha MOIAepXXaHUe paboTo-
CITOCOOHOCTH Y3J1a; €ro He3HAYUTEIbHBIN BEC, UTO pa3-
Ipy>XaeT MOABECKY CTOJIOB BO30OyIuTeel CTeHIa B He-
pabouyeM HalpaBJIeHUM, TO €CTh AeslaeT UX Oojiee Ha-
JIEXKHBIMU; JIMHEMHOCTh XapaKTePUCTUKM KECTKOCTU
y3Jla B HaIllpaBJeHUHU TiepeaaBaeMoit Bubpauuu. Mx nc-
TOJTb30BaHKE, HaTIpUMeEp, B KaUeCTBe Y3JI0B COeIMHe-
HUST COWICHSIEMBIX JIeTaJIell KOHCTPYKITUIA 1 arperaToB,
MTOBBIIIACT HANEKHOCTH, JTOJTOBEUHOCTh M HECYIIYIO
CITOCOOHOCTH B AKCIUTyaTalluM MAIIH, 000PYIOBaAHMS
1 MEXaHM3MOB TOPHOTO MAaIlIMHOCTPOCHUSI, BUOpaIIH-
OHHOI, aBUALIMOHHOM, TPAHCIOPTHOM 1 KOCMUYECKOM
TEeXHUKU.

KioueBble cioBa: yziul coedunenus eubpocmenoa,
BUOPAUUOHHbIE HACPY3KU, JCECIMKOCMb NAKema Ynpyaux
2/1eMeHmo8, OUAna3oH padouux 4acmom

Pexomendosano 0o nybaikauii Odokm. mexH. Hayk
M. K. Cyxonocom. [lama naoxo0xcenns pykonucy 02.03.17.
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