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Purpose. To study the impact of the methods of steel rope fastening to a single-drum mine hoisting plant with the pulley
location on the same axis on the minimum distance between the rope strings in static and dynamic regimes.

Methodology. A mathematical model for determining the distance between any points of the steel rope strings in statics
has been developed. To study the transverse-longitudinal oscillations of a steel rope string the finite element model of a hoist-

ing plant has been made.

Findings. It was shown that for the cross-method of rope fastening in case when internal deviation angle is smaller than
external one the friction between the winding rope and the adjacent rope wrap is excluded. The impact of rope oscillations on
the minimum distance between them for the cross-method of fastening ropes was assessed.

Originality. Larger distance between pulleys or the number of empty flutes between the winding up and uncoiling
branches on a drum increases the distance between the strings of cross-disposed ropes. A criterion of contact absence between

the rope strings for cross fastening was introduced.

Practical value. The cross way of steel rope fastening to a single-drum mine hoisting plant with location of pulleys on the
same axis reduces the pitch of winding rope, thereby the rope capacity of a hosting plant and the lift depth are increased

Keywords: mine hoisting plant, steel rope,
tion angle

Actuality of work. On a plenty of mines further min-
ing is going by the way of deeper horizon development. In-
creasing the lifting depth demands increasing the rope ca-
pacity of a hoisting plant. If a hoisting plant works at its
depth ability limit, increasing the rope capacity requires to
change the design of machine, that is associated with high
capital costs. Therefore, in some cases, more effective
technical solution will be increasing the rope capacity of
already existing hoist drum by means of rational use of
winding surface [1].

In this paper, a method of increasing the rope capacity
of a single drum hoisting plant without changing the drum
design is being considered.

There are following increasing ways of the rope capaci-
ty of a single drum hoisting plants: to reduce the number of
friction coils; transition of ropes through a cut on machines
with a split drum; the use of multilayer rope winding (how-
ever, there are use restrictions on this solution for cargo and
human lifting [2]); the use of drum with conical insert on
area with a maximum value of the internal deviation angle.

New technical solution is proposed in the patent [3]: to
increase the rope capacity of a single-drum hoisting plant
by the cross fastening ropes.
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transverse-longitudinal oscillations of the rope string, devia-

Statement of the problem. The drum rope capacity is
determined by its diameter Db, width B and screw fluting
step ¢. Parameters Db and B determine the winding surface
size, which is taken as the main constructing criterion for
the standard series of hoisting plants. The screw fluting
pitch ¢ determines the rope capacity of this drum surface.
The thread size depends on the maximum value of an inter-
nal deviation angle of the hoisting plant. If the internal de-
viation angle increases, winding rope can rub against the
adjacent rope turn [1]. To avoid such situation winding
rope is usually pushed back from the adjacent rope turn by
increasing the pitch on the drum surface, which reduces the
drum rope capacity.

The layout of a single-drum hoisting plant with the pul-
ley location on the same geometrical axis, that uses cross
fastening ropes [3] (see fig.1, a), allows to change the ratio
between internal and external deviation angles, that is to
reduce the value of dangerous internal angle via increasing
the value of external angle. This prevents friction of wind-
ing rope on the adjacent rope turn, which makes it possible
to reduce the winding pitch and to increase the drum rope
capacity. However, the proposed scheme has the dangerous
factor, which consists in the possibility of the rope string
contacts in ascending and descending branches. This task
needs to be explored.
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The purpose of work is to study the method impact of
the rope-fastening to a single-drum hoisting plant with the
pulley locations on the same axis on the minimum distance
between steel-rope strings of ascending and descending
branches during static and dynamic regimes.

The main part. Fig.1, a shows the scheme of cross-
fastening of ropes on a single-drum mine hoisting plant.
The hoist consists of right 1 and left 2 pulleys with distance
s between them, single-drum hoisting plant 3 and coiling 4
and uncoiling 5 ropes. Unlike the standard fastening (fig.1,
b), where rope 4 rounds over the hoisting pulley 2 and rope
5 — over the hoisting pulley 1, for the cross-fastening
scheme rope 4 rounds over the hoisting pulley 1 and rope 5
— over the hoisting pulley 2. The thick lines 4 and 5 corre-
spond to the extreme string rope position with fully coiled
rope 5 and uncoiled rope 4, while the thin lines 4 and 5 cor-
respond to the opposite extreme string rope position. There
are notations on fig. 1: o, — an external deviation angle of
the rope 4; o, — an internal deviation angle of the rope 4;
o'y — an external deviation angle of the rope 5; o', — an in-
ternal deviation angle of the rope 5.

A mine single-drum hoisting plant operates as follows.
By rotating the drum 3 of a hoisting plant, the rope 4 is
winding up on the drum surface, while the rope 5 is uncoil-
ing from a drum. The gap between the ropes 4 and 5 has a
few empty turns. Starting from the rope attachment point 4
towards the pulley axis 1 the rope 4 is winding with exter-
nal deviation angle oy, and at this site during the operation
there is no mutual rubbing of the rope 4 on nearby rope,
laying in the flute. Right to the pulley axis 1 the rope is
winding with internal deviation angle o,,. When the drum is
rotating at the opposite direction, the rope 4 is uncoiling,
while the rope 5 is winding on the hoist drum. Starting
from the rope attachment point 5 (the thin line on fig.1, a)
towards the pulley axis 2 the rope 5 is winding with exter-
nal deviation angle o', without mutual rope friction. Left to
the pulley axis 2 the rope 5 is winding with internal devia-
tion angle o', . In this case a,> o, and a',> o', that had
to be achieved to eliminate friction of winding rope and
rope on the adjacent turn.

Therefore, the changing rope attachment position pro-
vides increasing values of external angles o, and o'y via
decreasing values of internal angles o, and o', and makes
better conditions for winding with maximum rope sting in-
ternal deviation angles o, and o', .

The possible contact zone of rope with an rope adjacent
coil is allocated with a circle on the fig.1. For the standard
scheme (fig.1, b) contact is possible with a large internal
deviation angle o,,. Another rope branch is deflected only
by the groove scallop with an external deviation angle o,.
For the cross fastening (fig.1, a) the possible rope contact
zone responds to smaller value of internal angle, so there is
no need to increase the screw flute pinch in order to avoid
winding rope rubbing on the adjacent rope coil. In such
case, due to improved exploitation conditions, the value of
maximum allowable deviation angle can be increased. For
example for bicylinder-conical machines it is allowed to
increase the deviation angle up to 2° on the small cylinder.
However, for single-drum cylindrical mine hoists the
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deviation angle is limited up to 1°30' by Safety Regula-
tions [2].

Fig. 1. The schemes of fastening ropes: a — standard; b —
cross way, 1,2 — pulleys; 3 — drum; 4,5 — strings of ro-
pes; o, o'y — external deviation angles; o, o'y — inter-
nal deviation angles

Next we'll be analyzing the change of distance between
the rope strings for different attachment methods. All nu-
merical calculations were performed for the cargo hoisting
plant of the mine “Tchentralnaya” of Open Joint Stock
Company “Sukha Balka” (Kriviy Rig), equipped with
monorope lifting machine type TsR5x4.66 /0.5. Nowadays
the hoist has been working as a single-drum machine with
the parameters: the drum radius Rb = 2.54 m; the rope string
length L, = 106.6 m (with support rollers); drum width
B=4.44 m; distance between pullyes s = 1.98 m; rope diame-
ter dk = 39 mm; the number of empty flutes £ = 6. The fettle
design is following: from the flange of a drum jammed part
there are 8 flutes with the pitch # = 44 mm, then 12 flutes
with =48 mm, 52 flutes with r = 46 mm, 13 flutes with
t =48 mm, 7 flutes with ¢ = 44 mm.

The deviation angles for this machine are: for rope
standard attachment o, = 0°26' and a, = 1°21'; for cross at-
tachment — o, = 1°30" and o, = 0°17'. As we see the internal
angle is smaller, this will considerably improve working
conditions of ropes on the drum. The deviation angles does
not exceed allowable by Safety Regulations [2] value of
1°30 ".

For defining the minimum distance between left and
right hoist branches the coordinate system XYZ (fig. 2) is
introduced, the origin of which coincides with the rope con-
tact point with the right pulley, axis X is directed perpen-
dicular to the pulley axis, axis Z — parallel towards the pul-
ley axis, axis Y — perpendicular to the plane XOZ, creating
the right coordinate system.

Next we'll use such definitions: subscript /=/ indicates
the rope standard attachment, and i = 2 — cross way. For
numerical calculations we'll take ¢ =46 mm.
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Fig. 2. The coordinate system

The distance between two arbitrary points 4 and B,
which positioned on different rope branches and have the
same coordinate x, is

S,(0) = ,(0)° +82,(x) M

where Sy,(x), Sz; (x) — projections S; on the y-axis and z- axis
respectively. Considering the triangle OAB on the plan XOY
we can write

2x-Rb
Syj(x)= 7

for xe0,Lg]. 2)
str

Because of the smallness, we will neglect the differences in
the x coordinates for the meeting points ropes with pulleys
and ropes with drum. We will not take into account the im-
pact of string oscillatory motion and string sagging. Exam-
ining the triangle OA4B on the plane XOZ we can write

Szl(x):s+7x'(]2“‘g)
str 3
I EL L R
SZZ(X):S—Li

str

After making substitutes from formulas (2) and (3) to
formula (1), collecting and simplifying the resulting expres-
sion we can define the minimum value of the distance be-
tween branches as

2s-Rb

Smin, = T
J(s—k-t) +4Rb 4

2s5-Rb

S'min, T
J(s+k-t) +4Rb

which is reached when x = xmin;

. Ly -s-(s—k-t)
xmin =—%—~ _ ~
(k-t—s) +4Rb ®)
xmin, = ler~s~(s+k~t)

Jct+s) +aRrp?

We can make a conclusion, that the minimum distance
between strings does not depend on the string length, but is
determined by the ratio between diameter, distance be-
tween pulleys and the number of empty flutes between
branches.

In the string crossing point x, the distance along the Z
axis between the branches is equal to zero

58

x-(s+k-t)

-0,
Lgtr

Szo (x . ) =5—
so, the crossing point coordinate is

s - Lggr
e p—_ L 6
8 s+k-t ©)

Then the distance S, between strings in the crossing
point can be calculated as

2s-Rb
SZ(XZ):S+k'l‘. (7)

The plots on fig. 3,a demonstrate the changing of dis-
tance between rope strings in the range of xe [0,L.,,], where
curve 1 responds to distance S, for a standard fastening, and
curve 2 — to S, for cross-fastening. The area of minimum
values is shown in a bigger zoom on fig. 3, . The mini-
mum distance between branches for both ways of fastening
is about 2 m (Smin,; = 1.88 m, Smin, = 1.81 m), the coordinates
where the strings are situated nearest correspond to xmin, =
= 10.25 m, xmin, = 10.54 m. For the cross-fastening the dis-
tance between branches reduces only by 70 mm, which is
only 3.6% of S;. The horizontal component of Sz changes
approximately to 1.8 — 2 m, while the vertical Sy — only to
0.5 m.
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Fig. 3. The distance between branches: a — from pulley to
drum; b — in the minimum value range; 1,2 — standard
and cross ways of fastening

Besides studying, the minimum distance between

branches it is necessary to analyze the vertical component
change in the point where ropes are located one above an-
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other. From the expression (6) and (2) we can define the
values x.= 93.5m and Sy(x,) = 4.46 m. Points x. and xmin,
are sufficiently distanced from each other. Next it‘ll be ana-
lyzed what parameters have the greatest impact on the
change of the distance between the cross-fastening ropes.
For that we introduce the dimensionless parameters with
subscript p, related to the fluting pitch ¢

Rb s
Rbp:T, Dbpzz'Rbp; Sp:;;
-Db
Smin , = S0

Jls, +kf+Db .

From analyzing the data on fig. 4 it may be concluded
that the drum diameter has virtually no effect on the dis-
tance Smin,, while the distance between pulleys and the
number of empty grooves between ropes has the most in-
fluence. On the vertical plane, from the expression (2), the
most important factor is the drum diameter.

Fig. 5 shows in percent the change of minimum dis-
tance between ropes (100-AS/Smin;, where AS=|Smin—
Smin,l) in case of cross-fastening, depending on the number
of empty grooves between left and right branches & and the
distance between pulleys s relatively to the drum width.
When parameters & or s are increasing the value AS is in-
creasing too. For example, when k = 25 and s = B the dif-
ference AS is 20% relatively to S;. The maximum value AS =
=113 mm is achieved when x=3.7 m.

Smfnp
30

60F e

40

201

0h=

Fig. 4. Dependences of the reduced distance between
strings on the dimensionless hoist parameters: 1 —
drum diameter Db, 2 — distance between pulleys s,
3 — number of empty grooves k

Thus, in case of cross-fastening of ropes when o,<o,
winding rope friction on the rope adjacent turn is absent,
this improves ropes exploitation conditions. Using the rec-
ommendations on choosing the fluting pitch [1] (using o,
instead of a,) it is possible to reduce the screw flute pitch
and to increase the drum rope capacity, correspondingly.
While designing a new hoisting plant the string cross-
fastening allows to modify the drum width or the pulley lo-
cation.

For the hoist TSR 5x4.66/0.5 of the mine “Tchentralna-
ya” rope cross-fastening makes possible to reduce the flut-
ing pitch from 48 mm up to 41-42 mm for the rope diameter
dk =39 mm. The rope capacity increases (excluding friction
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coils, rope spare length and so on) from 1468 m up to 1728-
1687 m, which is for 15-18 %.

Fig.5. The change of minimum distance between strings
in case of cross-fastening ropes in percent

According to the above calculations for mine hoisting
plant, it is possible to make the conclusion that changing
the ropes fixing very slightly affects on the distance be-
tween the rope strings. However, it is necessary to check
out how the rope branch position will change if we consid-
er static sag and longitudinal-transverse vibrations of
strings.

Impact of the string oscillatory motion of a hoisting
plant on the minimum distance between the rope
strings in case of cross-fastening ropes. For safe use of
this technical solution, it is necessary to analyze the vibra-
tion effect of the rope strings on the minimum distance be-
tween them in the most dangerous operation mode of a
hoisting plant — safety-braking mode, which provokes the
maximum possible oscillations in strings.

We adopted the following hypotheses: the rope length
during transient process remains constant, since braking
distance is a small part of the rope length; energy dissipa-
tion in the ropes during vibrations is described by the mod-
el of Foigt; the effect of torsional vibrations on the longi-
tudinal-transverse vibrations is not considered; the trans-
verse vibrations are considered only on the machine of the
rope static sag.

For the definition of the string shape the finite element
mode of a hoisting plant (see fig. 6) has been developed.

The drum and pulleys are represented as mass points
My, My, My, with corresponding reduced mass. The rope
plummet with end load is replaced by a dynamic analogue
consisting of parallel-connected visco-elastic oscillators
and rigid mass [1]. For the right branch we use the nota-
tions: M, — mass, C;. — rigidity, o, = p-C;,. — damping factor
of i-th oscillator, M,, — rigid mass. For all tones of vibra-
tions the viscosity parameter is adopted p=0.01 ¢ [1]. Sim-
ilar notations are taken for the left branch: M;, C;;, ay.

The rope string is represented as a sequence of nonline-
ar visco-elastic beam finite elements with bending and lon-
gitudinal rigidity. It is accepted hinge-support conditions
for the rope points M,, My, My, . The rope string is loaded
by distributed linear load gk, which is equal to the distribut-
ed rope weight and directed at the angles 6, and 6, that are
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equal to the horizontal string gradient. Oscillators are oper-
ated by the gravities G, and Gj;, the drum — by the braking
force F. In the initial time, all points of a hoist are moving
with constant velocity V.

Constructed finite element hoisting plant model has
been tested on examples with well-known analytical solu-
tion for such hoist parts as string and plummet. The model-

ing error of the rope string by beams for longitudinal-
transverse bending did not exceed 5% in statics and dynam-
ics. The replacing error of the rope plummet by its dynamic
analog did not exceed 10%. The results of the transverse vi-
brations of string derived by the finite element model are
corresponded well with the experimental data in works of
A. Obukhov.

Y

—_—

Fig. 6. Finite element model of a hoisting plant: M;, Cy, o — parameters of i-th oscillator in the left branch;, M,, C;, o;. —
parameters of i-th oscillator in the right; Mb, Msh;, Msh.— a drum mass, left and right pulleys; F — braking force; Gy G;.—

gravities in left and right branches

The analysis of the vibration effect of rope string on the
minimum distance between strings during the mode of
safety braking is given bellow for the hoisting plant TsR-
5x4.66/0.5 of mine “Tchentralnaya”

While vessel is moving along the shaft, the rope plum-
met length is constantly changing and consequently the
frequencies of the longitudinal and transverse rope vibra-
tions are changing. Therefore, it is necessary to make the
calculations for different positions of the empty and loaded
vessels in the shaft.

Using the finite element model of a hoisting plant the
maximum amplitude dependence of string mid-point trans-
verse oscillations was determined for descent and ascent of
the empty and filled vessels. The plots of these dependenc-
es are shown on fig.7, where along the abscissa there are
ratio values of the plummet length /o to the shaft depth H,
along the vertical axis there are maximum amplitudes.
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Fig. 7. The maximum amplitude dependences of the string
mid-point during transverse oscillations: 1, 2 — static
string sagging in the branches with loaded and empty
vessels; 3, 4 — maximum amplitude of oscillations in
the branches with loaded and empty vessels during
lifting; 5, 6 — maximum amplitude of oscillations in the
branches with loaded and empty vessels during de-
scending
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As it is seen from the plots, the maximum amplitude of
rope string vibrations is observed at the position of empty
vessel at the receiving area top. The maximum dynamic
amplitude factor of string longitudinal-trans-verse vibrations
for the studied hoist does not exceed 3.3.

Let us see the worst case of rope string mutual dispo-
sition, which corresponds to the maximum amplitude of
transverse string vibrations and to the movement of
strings towards each other (fig. 8).

The dashed lines 1, 2 show the static sags of upper and
lower rope branches, the line 3 corresponds to the lowest
possible upper branch position, oscillating with maximum
amplitude, and the line 4 — to the upmost possible lower
branch position. The minimum distance between branches
Smin 18 reached at the point x,,;,, where the ropes are sepa-
rated from each other along the cylinder axis Z for 2 m,
therefore, transverse vibrations cannot cause the contact.
Let us consider the neighborhood of the point x,, where
left and right hoist branches are one above the other. At
the string crossing point x, the minimum distance between
the strings is denoted as AY.

Y/2Rb
1

5 sty

Fig. 8. Location of the string points corresponded to the
maximum amplitude: 1, 2 — static sages of the upper
and lower branches, 3 — the lowest coordinates of upper
branch; 4 — the upmost coordinates of lower branch

The maximum amplitude of transverse rope vibrations
can be written as
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U(x,t) < B . Ust(x) )

where £ is the maximum dynamic factor; U, — the static
sag. Then the minimum distance between vibrating bran-
ches is

AY = S(x,) - (1+B)- U™ (x.) vload (x>

-(1-p)

where U e't"p s U ]sotad are the static sags of empty and loa
N

ded branches. Considering the bigger absolute sag value,
the minimum distance can be estimated as

AY = S(x;)-2B-

Ugt™ (x,)

The criteria of non contact of ropes is
S(xz)>2B-Ug™ (x;) (®)

after expanding can be representing as

gk -sin(@) - Loty -k - ¢

Inj 1-
s Rb | L [ (s+k-r)-(Memp-g+gk-lo)} kot
> .

©)

gk -sin(0) - Ly

s+k-t 1g(6)
In| 1-

where M, is the mass of empty lifting vessel, /, — the

rope length from the pulley to the vessel.

For the exploring hoisting plant we received the follow-
ing results: the maximum dynamic factor is = 3.3; the
minimum distance between the branches is not less than
2.7 m at the crossing point of the strings; the criterion (9) is
satisfied: 2.2>0.9. Thus, the strings do not contact each oth-
er.

Conclusions.

1. The cross rope fastening on a single-drum hoisting
plant with the pulley location on the same axis let increase
external and decrease internal deviation angles, eliminate
winding rope friction from adjacent rope coil and reduce
the fluting pitch and increase the drum rope capacity up
to 15%.

2. The minimum distance between rope strings does not
depend on the string length and is determined by the drum
diameter ratio, distance between pulleys and the empty gro-
ove number between the rope branches.

3. Use of cross rope fastening leads to study the oscil-
lation impact on the minimum distance between the ropes
strings at the string crossing point.

4. The maximum amplitude of the rope string oscillati-
ons occurs in the branch with empty lifting vessel near up-
per receiving area.

5. The criterion of non-contact of the rope strings is de-
veloped for the case of rope cross-fastening.

6. For the hoisting plant of “Tchentralnayay” mine the
minimum distance between the rope strings during the lon-
gitudinal-transverse vibrations in the mode of safety bra-
king is less than 2.7 m, the criterion of non-contact of ropes
is satisfied. The use of cross-fastening of ropes with the
fluting pitch 41 mm allows to increase the drum rope capa-
city of the hoisting plant up to 18%.
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Merta. JlocmiauTy BIUTMB CIIOCOOIB KPIIUICHHS KaHATIB
1o 6apabany omHOOapabaHHOT TiAIHMaIbHOT MAIIIMHA 3 PO-
3TallyBaHHSIM KOIPOBUX IIKIBIB Ha OJHIH BiCi Ha MiHIMaIIb-
HY BIZICTaHb MK CTPYHaMHM KaHaTIB MiiHMaJIbHOT YCTaHOB-
K{ y CTATHYHOMY Ta JIMHAMIYHOMY PEKHMaXx.

Metoauka. Po3pobieHa MaTeMaTniHa MOJIEIb JIJIsl BU-
3HAYCHHSI BIICTAHI MK JOBUIBHUMHU TOYKAMH CTPYH KaHa-
TIB y MpocTopi y cratuii. J{yst gociipkeHHs! T03/10BKHbBO-
TIOTIEPEYHUX KOJIMBAaHb CTPYHM KaHAaTa CKJIAJICHa KiHIIEBO-
€JIEMEHTHA MOJIEJIb i JiIHMAJIBHOI YCTaHOBKH.

Pesyabrarn. [TokasaHo, 1o TIpH IMEPEXPECHOMY CIIOCO-
0i KpITJICHHS KaHATIB y pas3i, SIKI0 BHYTPILTHIN KyT IeBiarlii
MEHIIIE 30BHIITHBOTO, BUKJIIOYAETHCS TEPTS KaHaTa, [0 Ha-
BUBA€EThCS, 00 cyciiiHii BUTOK. [IpoBeneHuii aHasi3 BIUTUBY
KOJIMBaHb KaHATIB HA MiHIMaJbHY BIJICTaHb MK HUMH TIPH
MePEXPECHOMY KPIIUICHHI KaHATIB.

HaykoBa noBusHa. [Ipu nepexpecHomy croco0i po3ra-
LIyBaHHS KaHATIB 30UIbIICHHS BiICTaHI MK KOIPOBUX MIKi-
BiB 200 KUTBKOCTI BUTKIB Ha OapabaHi MK KaHATaMH, 110 Ha-
BUBAETHCS Ta 3BUBAETHCS, TIPU3BOJNTH 10 30UIBIICHHS BiJC-
TaHi MDK CTpYHAMH KaHaTiB. YBEIEHO KPHTEpIH BiZICyTHOCTI
TOPKaHHS CTPYH KaHATIB IIPH [IEPEXPECHOMY KPIIIICHHI.

IMpakTuuna 3naunmicTs. [lepexpecHuii croci® Kpin-
JIGHHs1 KaHaTiB 710 OapabaHa oxHOOapabaHHOI MIAXTHOI IIi-
JIAMaTbHOT MAIIMHU 3 PO3TalllyBaHHSIM KOINPOBHX IIKIBIB
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TEOTEXHIYHA I TIPHUYA MEXAHIKA, MAWNHOBYAYBAHHA

Ha OJIHIN BiCi JO3BOJIUTH 3MCHIIIUTH KPOK HABUBAHHS KaHa-
Ta, 301IBLIINTH KAHATOEMHICTE IMiJiAMaIbHOT MAIIUHH.

KurouoBi citoBa: waxmua nidivimansha yemanoska, Ka-
Ham, NO3008H#CHbO-NONEPEYH] KOMUBAHHS CIMPYHU KAHAmd,
Kym Oegiayii

Hean. MccnenoBats BIMsHEE CIIOCOOOB KPETUICHHS Ka-
HaTOB K OapabaHy omHOOapaOaHHOM MIAXTHOW MOIBEMHOM
MallIMHBI C PACIIOJIOKEHUEM KOIPOBBIX LIKWBOB Ha OJIHOW
0CH Ha MUHHMAJIbHOE PACCTOSTHUE MEXJTy CTPYHaMU KaHaTa
MO/IbEMHOI YCTaHOBKM B CTATHMYECKOM M JJMHAMHYECKOM
peXUMaXx.

Metonuka. PazpaboraHa MatemaTideckass MOJIENb IS
ONpE/IeTICHUST PACCTOSHHUA MEKIY NPOU3BOJIBHBIMU TOYKa-
MM CTPYH KaHATOB B IPOCTPAHCTBE B cTaTtuke. J{iis nccie-
JIOBaHMS! MIPOIOIBHO-TIONEPEYHBIX KOJIeOaHUH CTpyHBI Ka-
HaTa COCTaBJICHA KOHEYHO-3JIEMEHTHAsI MOJIENb 110 JTbeMHON
YCTaHOBKH.

Pesynbrarsl. [TokazaHo, 4TO TIpH NEPEKPECTHOM CIIO-
co0e KpeIuIeHHs! KaHAaTOB B CITydae, €CJIM BHYTPEHHHUH yroi
JeBHALMM MEHBILE HApy)KHOTO, MCKIIOYAETCsl TPEHHE Ha-
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BHMBAaEcMOI0 KaHaTa O cocelHMi BUTOK. IIpoBenen ananus
BIMSHMS KOJTeOaHUH KaHATOB HA MMHUMAJIbHOE PAcCTOSTHIE
MEX/y HUIMH TIPY IEPEKPECTHOM KPETUICHUH KaHATOB.

Hayunas HoBu3Ha. [Ipu mepekpecTHOM criocobe pac-
TIOJIOKCHUSI KaHATOB YBCJIMYCHUE PACCTOAHUA MEXKAY KO-
TPOBBIMU IIKMBAMU WUJIN KOJMYCCTBA BUTKOB MEKY HaBU-
BAIOIIEHCsT U CBUBAIOLIEHCS BeTBAMH Ha OapabaHe MpUBO-
JUT K YBEJIMYCHUIO PACCTOAHUA MEKTY CTPYHAMU KaHATOB.
Beenen kpuTepuii OTCYyTCTBHS KaCaHHS CTPYH KaHATOB IPH
TIEPEKPECTHOM KPETIICHUH.

IpakTnyeckas 3HaYUMOCTb. [lepekpecTHbIi crocod
KpeIUICH!s KaHAaTOB K OapabaHy oHOOapabaHHOW MIaXTHOM
TIOIbEMHOH MAIIMHBI C PACIOJIOKEHHEM KOMPOBBIX MIKH-
BOB Ha OJTHOW OCH TO3BOJINT YMEHBIINTh I1ar HABUBKU Ka-
Hata, YBCJIIMYUTH KAHATOEMKOCTDb HOI[’BCMHOﬁ MalIIIuHBbI.
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PE3OHAHCHI ABHULIA Y BIBPO3AXUCHHUX CUCTEMAX
KBA3IHYJbOBOI )KOPCTKOCTI

Purpose. To study dynamic processes in nonlinear oscillatory systems with quasi-zero stiffness and with one or many
degrees of freedom, which are widely used in industry for cargo and personnel vibration isolation during transportation. The
previous studies of such systems were based only on the numerical approaches. In this paper, we propose to investigate thor-
oughly the dynamics of the above mentioned systems and the conditions for the occurrence of resonance phenomena in them
using the asymptotic methods of nonlinear mechanics and applying the apparatus of special periodic functions.

Methodology. The methods of studying resonance oscillations of vibration isolation equipment are based on the asymp-
totic methods of nonlinear mechanics, wave theory of motion and the use of special Ateb-functions.

Findings. In this work, for the nonlinear quasi-zero stiffness vibration isolation systems with one and two degrees of
freedom, we analytically obtained the conditions of resonance oscillations, threshold values of resonance amplitudes depend-
ing on the system parameters.

Originality. For the first time, the dynamic processes in systems with concentrated masses and quasi-zero stiffness were
analyzed based on analytical approaches. In contrast to numerical approaches, the analytical approaches allow investigating
the features of the dynamics of such systems more precisely.

Practical value. The proposed method may solve the problems of analysis, and the problems oscillatory systems synthe-
sis at the design stage, as they allow us to choose such elastic properties of dynamical systems that prevent resonance phe-
nomena. These modes of equipment operation may assure efficient and safe transportation.

Keywords: mathematical model, nonlinear oscillations, quasi-zero stiffness, vibration isolation system, resonance, spe-
cial functions

Introduction. Background and literature review.
Further increase in machine productivity, intensification of
technological processes and the application of new tech-

nologies based on the theory of oscillations are closely
connected with the condition that the modern machine de-
vices should reliably operate in a wide range of loadings,
amplitudes and forced oscillations. In particular, rotary
power tools are widely used in industrial production. How-
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