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Purpose. Determination of dynamic load factors in the links of a two-drum drive of a suspended cable timbertransporting plant
equipped with an electric motor and an elastic coupling, taking into account the transient electromechanical processes in the drive
motor, variable moments of inertia of drive drums, technological load, as well as changes in the coefficients of longitudinal rigid-
ity of moving cables.

Methodology. The developed dynamical model of the drive contains a number of theoretical dependencies, calculation schemes
and systems of differential equations that describe the dynamic processes in the two-drum electromechanical drive of the sus-
pended cable timbertransporting plant. The differential equations of the electromagnetic state of the machine, which describe the
transient processes in the drive motor, are based on the Park-Goriev equations. Differential equations of mechanical part of the
drive motion are developed on the basis of the D’Alembert’s method. For the numerical integration of differential equations sys-
tems, the modified Euler’s method is used.

Findings. The simulation model calculates the dynamic forces that are active in mechanical gears and the drive coupling; po-
tentially dangerous operating modes of the drive of suspended cable are determined. The dependence of the load dynamic factor
on the structural parameters of the drive is established. The influence of the length of the free part of the movable cable on the
magnitude of the dynamic loads in the drive is investigated.

Originality. For the first time, a dynamic model of the drive of suspended cable timbertransporting plant was proposed which
takes into account: transitional electromechanical processes in the drive motor; variable inertia moments of drive drums; variable
load acting on drive drums at each of the stages of the technological cycle of the cable plant work. Calculations of the moment of
inertia of the drive drum and the moment of the force of the technological resistance that are variable in time are made taking into
account the multilayer winding of the cable on the drive drum, as well as the forces of elastic deformation of moving cables.

Practical value. New methods, algorithms and programs have been developed and the existing ones have been improved for
calculation of dynamic loads in the coupling and gears of the electromechanical drive of a cable plant with haul-lifting and revers-
ing cables. On the basis of the obtained dependences of load dynamic factor, recommendations for the choice of structural and
operational parameters of drives of these plants were developed.

Keywords: suspended cable timbertransporting plant, dynamic drive model, dynamic load

Introduction. Modern trends in the progress of the forestry
industry point to the unconditional promising of the use of sus-
pended cable timbertransporting plants as efficient and eco-
friendly means of primary transportation of timber in moun-
tainous terrain [1]. The basic scheme of a suspended cable tim-
bertransporting plant with two-drum drive is shown in Fig. 1.

In Fig. 1 the following designations are adopted: L — the
length of the cable plant span; xx(f,) — the coordinate of the
cargo carriage at the initial time point #y; /, — length of the
spare cable, which depends on the type of a plant [2].

The technological working cycle of suspended cable tim-
bertransporting plants contains the following stages [3]:

- the removing of the cable slack (characterized by a grad-
ual increase in the cable tension force to a value equal to the
weight of the cargo);

- lifting of cargo;

- locking (docking) of cargo with a cargo carriage;

- moving a cargo carriage with a cargo along the carrying
cable.

The drive is an important component of the cable plant,
which affects its functionality and reliability in general.

Unsolved aspets of the problem. The duration of each stage
in the technological cycle is different and depends on the fol-
lowing operating parameters: cargo weight, length of the cable
plant span, position coordinate of the cargo carriage at the ini-
tial time point, lifting height of cargo and the inclination angle
of the chord to the horizon. Special features of the work of the
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drives of the cable timbertransporting plants are made by the
fact that different stages of the technological cycle involve a
different number of moving masses, as well as variable mo-
ments of inertia of drive drums, technical efforts and lengths of
free sections of moving cables. The length of the free sections
of the moving cables in the timbertransporting plants can
reach several hundred meters, and therefore the value and na-
ture of the dynamic loads in the drive significantly affect also
the forces from the elastic deformation of these cables. Conse-
quently, the study of the joint effect of structural and opera-
tional parameters on the magnitude of dynamic loads in the
links of the drives of cable timbertransporting plants, taking
into account the stages of the technological cycle of work, is an
actual scientific and technical task.

Literature review. Scientific research on dynamics of drives of
machines relates to various branches of industry: mining [4], log-
ging [5] and others [6]. In most mathematical models of drives,
the correlation between electromagnetic phenomena in an elec-
tric motor and mechanical vibrations of the system is taken into
account. In some studies, in addition to the characteristics of
auxiliary engines, free sections of mobile cables were taken into
account in the form of discrete [5] and continually discrete [6]
mathematical models. Such mathematical models of drives do
not take into account multilayer winding of ropes on drive drums
and are suitable only for the investigation of short-term transient
modes in the absence of a significant change in inertia-mass
characteristics of drive drums and free sections of moving cables,
and the number of consolidated moving masses in mass models
during the investigated time interval is unchanged.
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Fig. 1. Principal scheme of a suspended cable timbertransport-
ing plant with two-drum drive:
1 — the engine; 2 — coupling; 3 — mechanical transmission; 4 —
drive drum of the working motion; 5 — reverse drive drum; 6 —
haul-lifting cable; 7— reverse cable; 8 — cargo; 9 — cargo carriage;
10 — carrying cable

In most of the analyzed studies on the dynamics of drives
the most unfavorable operational mode is considered to be the
mode of starting [7] or braking [8]. However, the feature of
cable timbertransporting plants lies in the fact that maximum
external loading can act on the drive not only at the time of
starting, but during the next stages of operation. This feature is
due to the actual nature of the change in the tensile strength of
the haul-lifting cable [3], as well as to the growth of the exter-
nal rotating moment from the resistance forces due to the mul-
tilayer cable winding on the drum. Therefore, the dynamics of
drives of cable timbertransporting plants requires additional
research taking into account the multilayer cable winding on
drive drums, the design features of the drive and the techno-
logical conditions of work of the cable plant.

The dynamic drive model contains a calculation scheme
with reduced parameters and a mathematical model. Fig. 2
shows the calculation scheme of a two-drum drive of a sus-
pended cable timbertransporting plant equipped with an elas-
tic coupling. A link was made to the engine shaft.

In Fig. 2 such denotations are accepted: /;— moment of
inertia of rotating moving masses of the engine and couplings;
I, — the combined moment of inertia of the drive gears; /5(f) —
the combined moment of inertia of the drive drum with the
wound haul-lifting cable on it; /,(f) — the combined moment
of inertia of the drive drum with the wound reverse cable;
m(t) — the combined onward weight, which is equivalent to the
mass of the cargo, the cargo carriage and moving cable;
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Fig. 2. Calculation scheme of a two-drum timbertransporting
plant drive:

1 — rotational mass of the engine and couplings; 2 — rotational
mass of the mechanical gears of the drive; 3 — rotational mass of
the drive drum with the haul-lifting cable on it; 4 — the combined
rotational mass of the drive drum with the wound reverse cable on
it; 5 — the combined onward mass, which is equivalent to the mass
of the cargo carriage with the load and to the masses of free sections
of the moving cables

M,(f) — torque of engine driving forces; F(f) — the combined
force of resistance to the displacement of the combined on-
ward mass; M,(f) — the combined moment from the forces of
resistance of the movement of the reverse cable and the resis-
tance of the rotation of the drive drum with the reverse cable;
¢, v; — respectively, the coefficients of the torsional stiffness
and the viscous coupling resistance; c,, v, — respectively, the
combined coefficients of the torsional stiffness and viscous re-
sistance of transmission gears; c3(7), c¢4(f) — combined coeffi-
cients of longitudinal stiffness of free sections of moving ca-
bles; v;, v, — combined coefficients of viscous resistance of
moving cables; ¢, ®,, 03, @4, S — the combined coordinates of
the moving masses of the dynamic model; L — span length;
B — inclination angle of the span chord; H, — lifting height;
xg(f) — the coordinate of the cargo carriage.

In the case of equipping the drive with an asynchronous
motor with a short-circuited rotor, the transient electromag-
netic processes in the drive engine are described on the basis of
the Park-Gorev equations. The electromagnetic moment of
the engine M/ is calculated by the formula [6]

2 1, . ..
Mg :gl’o ;(lelSy _lRylSX)’ (1)

where p, is the number of pairs of magnetic poles; i, isy, ig.
ig, are projections of currents in windings of stator and rotor of
the engine on the coordinate axis x, y; t is a magnitude that is
determined from the magnetization curve. The lower index R
points out to belonging of the value to the rotor windings, and
S'is the stator.

The projections of currents i, is,, ig,, iz, are determined
from the differential equations of the electromagnetic state of
the machine, which are written in the matrix form

di
ﬁ =A; (”s +Qp - Rsis)+ By (QR\VR - RRiR); 2
%:AR(QRWR _RRiR)+ BR(US Qs - RSiS)’

where iy, iy, ug are matrix-columns of currents and voltages;
Ag, Bg, A, By are square matrices of connection; Qg, Qp are
matrices of rotational frequencies; g, y are matrix-columns
of full flow connections; R, Ry are active resistances.

At each stage of the technological cycle, a different num-
ber of moving masses will be involved, and therefore the math-
ematical model will contain a different number of heteroge-
neous differential equations that describe the motion of the
mechanical part of the drive. Therefore, it is necessary to es-
tablish boundary conditions that determine the time interval
limits of the duration of each of the technological stages.

In order to determine the time of cable slack removing, we
assume that the conditional, combined longitudinal deforma-
tion of the cable system during this time equals the length of
the haul-lifting cable that is wound on the drive drum at the
same time ;. By the moment of the beginning of cargo lifting
up from the ground, the cargo is stationary, and at the moment
of cargo lifting up from the ground, the tensile force in the the
haul-lifting cable is equal to the weight of the cargo. Express-
ing the conditional combined deformation of the cable system
¢ as the weight of the cargo Q and equating it with the length
of the haul-lifting cable wound in time ¢#;, we obtain

V- C
Crzv V%

, 3
where Cyy is the longitudinal stiffness of the haul-lifting cable;

v is the speed of winding the rope.
Taking into account (3), the time limits of the first stage are

Q[L—x,((to)]

0<y <
C, v

4
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The time limits of the duration of the load lifting phase #,
depend on the rope winding speed on the drive drum and the

load lifting height
ot xeln)]  1fLxe(n)]

< . 5
CZV .y 2 v CZV P ( )
The time of locking #; depends, basically, on the qualifi-
cation of the operator of the winch and lasts 0.3—0.8 s, but in
some cases it can reach 2 s [2]. Time limits for the duration of
the stage #;, when the load is docked with a cargo carriage, are

1 Q|:L—xK (to):|

v C,

i ofL-xcln)]

1, <— p |t
v

+H, |<t
(6)

Co

where 7 is the accepted value of the time of load locking with
the cargo carriage.

The duration of the cargo movement stage #, is determined
from the condition that the length of the haul-lifting cable
wound during this time on the drum should not exceed the
length of the free section of the haul-lifting cable between the
drive and the coordinate of the carriage at the initial moment
of time xx(#,). When calculating the length of the cable free
section between the carriage and the drive we accept the sag-
ging trajectory of the cable along a parabola. Conditions for
determining the duration of the carriage displacement ¢, are

t4>l 7Q[L_xk(t0)J+HP +1.
% C
I L ADIR p+(L_xK(’°))+, ()
v C, \ cosf
2
L(g‘]l() -(L—xk(to)) cosp +1c
' 24.H? N

where f is the angle of inclination of the span chord; H is hor-
izontal component of the tension of the cable; g is the strain
mass of the cable; g is free fall acceleration.

To take into account the deformation of the movable
cables in the differential equations of motion of the mechan-
ical part of the drive, it is necessary to write expressions to
determine the magnitude and speed of the change in the
longitudinal deformation of these cables for each stage.

In the time interval 7 € [0; #,] that corresponds to the initial
stage of the cable slack removing, the cargo, the cargo carriage
and the reverse drum with reverse cable will remain fixed. The
resistance force moment, which arises due to elastic deforma-
tion of the haul-lifting cable, will act on the drive drum. Since,
at this stage, the load is still, the conditional combined longi-
tudinal deformation of the haul-lifting cable A/;(f) can be
equated to the length of the cable wound on the drum during
this initial period. The length of the cable wound on the drum
can be expressed through the rotation angle of the drive drum,
on which the rope winds

d’o do, _do
I, dtzl :Ml(t)_vl(l_z _Cl((Pl_(Pz)

dt _ dt

> ar dt  dt
dz(Pg —v (d(Pz _d(Pz
-2

dt dt

ING;
3()dt2 dr dr

4 d
m(t)?f:c3(t)~(q>3 (D) =5)+v, {ry(t);?+ g, A

+65 (@)= 93) &5 (1) (03 g () —5)ry (1) = v [rH (t)% +0;

d[rﬁ(f)}_ﬁ —F@)
dt dt

Al (1) = @3- ry(), ®)

where ry(7) is the variable winding radius of the haul-lifting
cable.

The variable radius of a drum with a wound cable at any
given moment of time is calculated by the formula

ry (z):%m,( (n(1)-0.9), )

where dp; is the diameter of the drum without a cable; d is the
diameter of the cable; »'(f) is the number of layers of the
wound cable [4].

Taking into account the variable winding radius, the expres-
sion for determining the velocity of elastic deformation of the
haul-lifting cable is obtained as a result of differentiation (8)

d[r,, (t)]

d d
E[@S'VH(Z‘)JZrH(t)%+(pzT. (10)

Differential equations that describe the motion of a me-
chanical part of the drive and take into account (6) and (7), are
written on the basis of the D’Alembert’s principle in the nor-
mal form of Cauchy

2
IIM: M, (t)—V1 [dq)l—d%j‘cl (<P1 _‘p2)

déz dt _dt
d d d
d d
d? d: d
e S s )

[ ()20, 2 ]}H -1 L0

dt dt 2.dt dt

The first two differential equations of the system (11) de-
scribing the motion of the combined masses equivalent to the
engine, coupling and transmission of the drive will remain un-
changed at all stages of the drive operation.

In the time interval € [#,; t,] there will be a separation from
the support surface and further lifting of the load. The drive
drum with a reverse cable and a cargo carriage will remain fixed.

Conditional longitudinal deformation of the haul-lifting
cable, taking into account the displacement of the combined
onward mass, can be determined by the formula

AL (f) = @3 - r(f) — 5. (12)

As a result of the differentiation (12) we obtain an expres-
sion for determining the velocity of elastic deformation of the
haul-lifting cable at this stage

d[rH(t)]_é

.o
dt dt (13

d do,
Loy =s]=r =2 +o,

Differential equations describing the movement of the me-
chanical part of the drive when lifting the load, will be written

in the normal form of Cauchy, taking into account the expres-
sions (12, 13)

2
; &0, :vl[dcp ,_do 2]%(% —@z)—vz{m—‘m]—cz(%—%)

dlewt] _as], 1o d[LO]
dt dt 2 dt dt
_1dsd[m0)]
2dt dt
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In the time interval of locking a load with a cargo carriage
t € [5; 1], the displacement of the combined onward mass will
not occur, and the generalized coordinate of the combined on-
ward mass is constant and is equal to the combined value of
the cargo lifting height

s=Hp-u=const,
where u is the general gear ratio of drive’s mechanical trans-
mission.

Since the combined onward mass is still, the conditional
combined longitudinal deformation of the haul-lifting cable

If t € [#;; 1] the conditional combined longitudinal defor-
mation of the haul-lifting cable at the transfer stage can be cal-
culated by the (12), and the velosity of elastic deformation of
the haul-lifting cable — by the formula (13).

The longitudinal elastic deformation of the free section of
the reverse cable is determined as follows

Ay t)=s—Hp-u— @4 - rf). 17)

where 54(7) is the combined force of the rotation resistance of
the drive drum with the reverse rope.

The combined force that takes into account the variable
external forces of the resistance of the displacement of the on-
ward mass at each of the stages of operation can be determined
from the following dependences [2]

(tISt<t2):>F(t):Q
u

v

Q'[L_xﬁ(fo)]_g

N
CZV

u
S(t)

(20)

E)

(t,<t<t)=>F(@)=

(t,<t<t)= F(1)=

where S(7) is the tension force of the haul-lifting cable.
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d’ do, do
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d°e do ) do, do
2 dtzzvl(dtl_dtz +"1(<P1—<Pz)_"z 75‘7; _Cz((Pz
d*¢ d do
I (t) dt23 =V ( ;’;2 _7; +CZ((P2_(P3)_c3(t)'((p3'r1~[(t)_Hp
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can be equated to the length of the cable wound on the drum
during locking, and expressed through the rotation angle of
the drive drum

Al(t) = @3- (1) = 5)

The velocity of the combined elastic deformation of the
haul-lifting cable at this stage can be determined by the (8).
Let us write the differential equations of motion of a mechan-
ical part of the drive during locking in the normal form of the
Cauchy, taking into account the expressions (10, 15)

_(Pz)

(16)

d[r, 0]

)ru ()= vy o

3

[rﬂ(t)’zqfﬂp } ra()=

An expression for determining the velocity of elastic defor-
mation of the reverse cable will be obtained as a result of dif-
ferentiation (17)

d[r, )]

d
dt dt
Differential equations of motion of the mechanical part of
the drive in the time interval f € [#;; #4] will have the form

“s—Hp-u=p,r,()]= *—rz<>d""‘ (18)

Py

b dtzj o [dzl‘df]“‘l (01 =02)-v2 [df—dfj &(0-0,)
L) d,? =Y, %—% (0203 =es(0- (037 (1) =)y )=
v, r,,(t)dd“f 3%:’)]—2’“; ry(0) - ;"d‘is "[;(fﬂ | "
m(t)_d?;=C3(t)-((p3-rﬂ(l)—s)+v3_ rﬂm% (p3d[r;,t(t)} Zﬂ F(O)=c(0)-(s=Hp=0,-r,(D)+
e g
e (S Hy=o,: z<f>)’(’)”{js 0 4[3,@}1 1)~ S,(0)- (r)é‘;‘i‘“i[[(;‘:’)]

The increase in the magnitude of the variable combined
onward mass m(?) is taken into account for each following
stage of the technological cycle of the cable plant [2]

(t, <t<t) = m(t)=——| 0+ lz(f)J
gu 3
(t, <t <t)=m(t)=—s; 046G+ los® (I)J
& 3o) L@
0
(ry<t<t)=m(t)=—; Q+G+‘1T'102(’)J+
u 3

q4‘lgz(t)
3g-u? -u,((t)2

where ug(f) is the variable transmission ratio of the mechanical
cable transmission, formed by two drive drums and a mobile

Visnyk Natsionalnoho Hirnychoho Universytetu, 2019, N° 4



cable; /15 (1),135(7) is the total length of free sections, respec-
tively, traction and return ropes

Lx0) 4 [L-xc O]

0 () —

lps (1) = cosp e osp )
3

oo Lixg(t) G[L+x0]

G cosp " 24H? osp

In contrast to the elastic sections of the drive shafts, in
which oscillations may cause alternating deformations and dy-
namic loads, in moving cables, in longitudinal vibrations, de-
formations and dynamic loads of only one sign will occur [8].
This feature is due to the fact that the cables are modeled with
flexible threads that work only on tension. Implemention of
additional conditions in the mathematical model that take into
account elastic deformation in one direction can be achieved
by introducing accessorial coefficients K. and K, into expres-
sions for determining the combined coefficients of longitudi-
nal rigidity of moving cables. The dependencies for determin-
ing the combined coefficient of longitudinal rigidity of the
haul-lifting cable are written as follows

(ostﬁfz):”3(t)_u2(L—x1<(’0))
uz(L_xK (10)) ’

K. -c, (1)
2

(h<t<t)=c0)= (23)

(<t<t)=c0)=

where Cy, Cz, are the combined conditional longitudinal ri-
gidities of the cable system, respectively, when lifting and lock-
ing cargo; cy(?) is the coefficient of longitudinal rigidity of the
free section of the haul-lifting cable; K is the coefficient for
taking into account a one-way direction of a longitudinal elas-
tic deformation of a haul-lifting cable.

The combined coefficient of longitudinal rigidity of the re-
verse cable is also determined taking into account the one-way
direction of elastic deformation and the variable transmission
ratio of the cable transmission

LRAU)

c,(t)= 2 -uK(t)2 >

24

where K, is the coefficient for taking into account a one-way
direction of a longitudinal elastic deformation of a reverse ca-
ble; c4(7) is the coefficient of longitudinal rigidity of the free
section of the reverse cable.

Expressing the combined longitudinal deformation of free
sections of moving cables through the generalized coordinates
of the moving masses of the dynamic model of the drive, we
obtain expressions for determining the coefficients K. and K,

(0374 (N-520)= K. =1 )

(0314 ()=5<0)= K. =0’ @9
(s—Hp-u—@, r;(20)= K, =1 2
(s=Hp-u-g,-r,(1)<0)= K¢, =0 (26)

The combined mass m(f) in the dynamic model is equiv-
alent to the mass of the cargo carriage and cargo. Therefore,
in order to determine the coefficients of rigidity of free sec-
tions of moving cables c;(¢) and c4(?) the horizontal coordi-
nate of the cargo carriage x(7) in the span can be expressed
through the generalized coordinate of the combined onward
mass

(0<r<t)= x () =x4 (1)

(5 <tSt4):>xk(’):xx(’0)+(§_f1pjcosl3' @D

A two-drum drive of a cable timbertransporting plant,
equipped with an electric motor and an elastic coupling, was
accepted for the analysis. Therefore, systems of differential
equations (11, 14, 16, 19) describing the motion of a mechani-
cal part of the drive should be solved together with the system
(2), which describes the transient electromagnetic processes in
the engine. The variable parameters of the dynamic model of a
two-drum drive are calculated at each step of the numerical
integration of systems of differential equations.

The method of numerical integration of systems of differen-
tial equations enables to determine the motion parameters of the
mechanical part of the drive: the angles of rotation and angular
velocities of the combined rotating masses. According to known
motion parameters of the combined masses of the drive, time
dependences of the dynamic moments can be constructed. The
combined dynamical moments that arise in the mechanical
transmissions of the drive, are calculated as follows [9]

Mﬁz =C3(P3 = Ps) + Vo3 — 0y (28)

The developed dynamic model allows determining the dy-
namic loads that arise on the shaft of the electric motor, in the
coupling, in the mechanical transmissions of the drive, as well
as in the moving cables of the timbertransporting plant. In a
two-drum electromechanical drive at the beginning of the
movement, all masses are fixed, and the currents in the wind-
ings of the stator and the rotor are zero. Therefore, the initial
conditions for the numerical integration of the systems of dif-
ferential equations (2, 11, 14, 16, 19) will be as follows

lo=0; ist))=0; is(t)=0; irlty)=0;
ipltp) =0;  @1(%) =0; (7)) =0; @3(fp) =0;
(1) =0;  @4(f0) =0; (%) =0; (%) =0;
03(t) =0; () =0; w4(t) =0.

Results. Numerical integration of differential equations
and further calculation of dynamic moments are performed in
Mathcad 15.0. An example of calculation of angular velocities
and dynamic moments in an electromechanical drive of a sus-
pended cable timbertransporting plant with an elastic coupling
is shown in Figs. 3—5 in the form of diagrams. Incoming data
for calculation are: engine 4A180M4 (Rg = 0.134 Om; Ry =
=0.117 Om; Lg=0.8 - 103 H; L =082 - 10° H; L, =
=49-102 H; U, =310.5W, a, = 4.714 - 102 Wb/A; a,
=-2.094 - 107 Wb/A%; a; = 6.003 - 10~° Wb/A%; i, = 15.0 A;
oy = 157 rad/s; py = 2); J, = 23.5 kg - m?; J2 = 0.02 kg - m?;
¢ =301 M. o g Nm s Nemes

rad rad rad

N-m-
:2.96-10‘3$; L =400 m; x(1o) =80 m; O = 16 kN; G =

=240 N; u=20; H; =4 m; mg; =30 kg; Lp; = 0.6 m; dy; =
=0.3m;dK=9.7- 10" m; p=30".

The analysis of the diagrams showed that the acceleration
of the drive system lasts less than 0.2 s (Fig. 3). The initial stage
of acceleration is accompanied by intense fluctuations of the
electromagnetic moment of the engine (up to 800 N - m) with
the frequency of the feeder network of 50 Hz (Fig. 5). Such a
small acceleration time is due to the lack of technological load
at the time of start and the gradual linear increase in the tensile
strength of the haul-lifting cable at the initial stage of the tech-
nological cycle from zero to magnitude Q. The amplitudes and
the intensity of the oscillations of the combined dynamic mo-
ment in the transmissions (Fig. 4) during the startup period
are much smaller (up to 15 N - m). The low values of the am-
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Fig. 3. Time dependences of angular velocities of drive shafts
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Fig. 5. Time dependences of the combined moment of the elec-
tric motor

plitudes and of the intensity of the fluctuations of the dynamic
moments in the transmission of the drive during acceleration
are also explained by the linear nature of the growth of the
technological load and by the decrease in the influence of the
oscillation moment of the engine on the transmissions due to
the elastic properties of the coupling.

During the cargo lifting up from the supporting surface (at
3—4" second of work) and locking of the cargo with the cargo
carriage (at the 6th second of work), synchronous oscillation
of the angular velocities of the drive shafts of the electric motor
and the drive drum is observed (Fig. 3). In this case, the am-
plitude of the angular velocity oscillations of the motor shaft
(Fig. 3) is greater than during the startup period. The dynamic
moment in the transmission line of the drive (Fig. 4) also
reaches the maximum values (up to 160 N - m) during the
cargo lifting from the supporting surface and during the lock-
ing of the cargo with the cargo carriage (up to 185 N - m ).

In order to evaluate the influence of the structural param-
eters of the drive on the dynamic loads of the drive transmis-
sion, a simulation was carried out for various values of the
weight of the cargo and for the initial coordinate of the cargo
carriage in the span. It is defined that in the case of a close
position of the cargo carriage to the drive (up to 25—30 m) at
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the locking stage, the dynamic coefficient may acquire the
highest values (3—4.7). Such a significant increase in dynamic
loads in the drive is due to a rapid increase in the coefficient of
longitudinal rigidity of the free section of the hauling cable.

Based on the simulation results, the limits for choosing the
values of the combined torsional rigidity coefficient were justi-
fied, at which the dynamic load coefficient would be of the
smallest values.

Conclusions.

1. For the drive transmissions of cable timbertransporting
plants, the startup and acceleration stages are less dangerous
than the locking stage of the cargo with the cargo carriage and
the lifting of the cargo from the supporting surface.

2. The dynamic load coefficient is the smallest when the
combined coefficients of torsional rigidity of transmissions are
within 100—125 N - m/rad.

3. In the case when the distance between the cargo carriage
and the drive is less than 25—30 m, in order to reduce the dy-
namic loads in the links of the drive it is recommended to
carry out the transporting of the timber in a semi-suspended
way, avoiding the locking of the cargo carriage with the cargo.
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Mera. BuzHaueHHs KoedilliEHTiB TMHAMIYHOCTiI HaBaH-
TaxXXeHHS B JJaHKax IBoOapabaHHOTO MPUBOJA MilBiCHOI Ka-
HATHOI JIiICOTPAHCTIOPTHOI YCTAHOBKM, OCHAIIEHOTO eJIeK-
TPOJIBUTYHOM i MPYKHOIO MY(PTOI0, 3 ypaXyBaHHSIM Mepexil-
HUX €JIEKTPOMEXaHIYHUX IMPOLIECiB Y MPUBOJHOMY JIBUTYHI,
3MiHHMX MOMEHTIB iHepIlil MPUBOAHUX OapabaHiB, TEXHOJIO-
TiYHOrO HaBaHTa)KEHHsSI, a TAKOX 3MiHM KOe(illiEHTIB IMo-
B3JI0BXHBOI XKOPCTKOCTi PyXOMUX KaHATiB.

Meronuka. Po3pobGieHa auHaMiuHa MOJIENb IPpUBOIA
MICTUTb PSIIl TEOPETUYHUX 3aTIEXKHOCTEM, PO3PAXYHKOBI CXe-
MU ¥ cucremMu audepeHUiaIbHUX PiBHSAHB, 110 OMUCYIOTh
NMHAMIYHi TTpoliecu y 1B0OapabaHHOMY eJIeKTPOMEXaHiYHO-
MY TIPUBO/I MiIBICHOI KaHATHOI JIiICOTPAHCITIOPTHOI YCTAHOB-
ku. JdudepeHiiaibHi piBHIHHS €JIE€KTPOMArHiTHOTO CTaHy
MallWHU, 1110 OMUCYIOTh MEPEXiJHi MPOoLeCH Y MPUBOIHOMY
NIBUTYHi, 6a3yl0TbC Ha OCHOBI piBHsHb [1apka-T'opeBa. [du-
depeHLiaTbHi PiBHSIHHS PyXy MEeXaHiuHOi YaCTUHM MPUBOIA
po3pobJieHi Ha ocHOBI MeToay [’ Anambepa. 11 urcesibHOro
iHTErpyBaHHs CUCTEM OMUpepeHLIiaIbHUX PiBHSAHb 3aCTOCO-
BaHO MoaudikoBaHuii Meton Eitnepa.

PesynbraT. MeTtonoMm iMiTalliiiHoro MojetoBaHHs 00-
YUCJIEHI AUHAMIUHI 3yCWIs, 1110 Ail0Th Y MEXaHIYHUX Tepe-
Javax i My@Ti npuBoa, BUSHAYEHi MOTEHLIMHO HeOe3meuHi
pexumMu poOOTH TMpPHBOJA TiABICHOI KaHATHOI YCTaHOBKMU.
BcraHoBneHa 3anexHicTh KoedillieHTa IMHAMIYHOCTI Ha-
BaHTaXXEHHSI BiJl KOHCTPYKLIMHUX TTapaMeTpiB npuBoja. Jlo-
CJIIKEHO BIUIMB JOBXWHU BUJIbHOT JIJITHKY PYXOMOTO KaHa-
Ta Ha BeJIMYMHY TMHAMIYHUX HABAaHTaXXEHb Y TIPUBO/I.

HayxoBa HOBM3HA. Yreplie 3anmporoHOBaHa AMHAMiyHa
MoJeJib TpPUBOJA MiABICHOI KaHATHOI JIiCOTPAHCIIOPTHOL
YCTAHOBKHU, 1110 BPaXOBYE: MEePeXiIHi eJIeKTpOMEXaHiuHi Ipo-
1IeCH Y TIPUBOIHOMY ABUTYHI; 3MiHHI MOMEHTHU iHEepIIil pu-
BOJIHUX OapabaHiB; 3MiHHE HaBaHTaXKEHHsI, 110 Ji€ Ha MPU-
BOJIHiI 6apabaHn Ha KOXXHOMY 3 €TarliB TeXHOJOTIYHOTO 11~
KJIy poOOTM KaHATHOI yCTaHOBKHM. Po3paXxyHKM 3MiHHMX Y
yaci MOMEHTY iHepllil IpUBOAHOTrO OapabaHa 1 MOMEHTY
CWJIM TEXHOJIOTIYHOTO ONOPY BUKOHAHI 3 ypaxyBaHHSIM Oara-
TOIIIAPOBOTO HAMOTYBaHHS KaHAaTa Ha TIPUBOAHUI OapabaH,
a TaKOX CUJIM MPYKHO1 AeopMallii pyXoMux KaHaTiB.

IIpakTyna 3HaunMicTh. Po3po06ieHi HOBI Ta yiocKOHase-
Hi iCHYI0Yi METOIMKU, aJITOPUTMU Ta TIpOTpaMu JJIsi po3pa-
XyHKiB NTUHAMIYHUX HaBaHTaXeHb y MydTi i mepemavax
€JIEKTPOMEXaHIYHOTIO MPUBOJIA KAHATHOI JIiCOTPaHCIIOPTHOL
YCTAaHOBKM 13 TSTOBO-BaHTAXOIiAiMaIbHUM i 3BOPOTHUM
KaHatamu. Ha ocHOBI oTprMaHUX 3aieXXHOCTel KoedilieHTa
IUHAMIYHOCTI HaBaHTaXXCHHsSI PO3pOOJIeHI peKoMeHmallii
1110JI0 BUOOPY KOHCTPYKLIMHUX i eKCIUTyaTalliiHuX rmapame-
TPiB MPUBO/IB TAHUX YCTAHOBOK.

Kimouosi cnoBa: nidsicna kanamma aicompancnopmua ycma-
HO6Ka, OUHAMIYHa M0oOenb NPUood, OUHAMIMHI HABAHMAJICEHHS
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Leas. Onpenenenue Kod(hGUIUEHTOB IMHAMUYHOCTU
Harpy3Ku B 3BEHBSX IBYXOapaGaHHOTO MPUBOAA MOABECHOM
KaHaTHOM JIeCOTPAHCMOPTHOM YCTaHOBKM, OCHAIIIEHHOTO
3JICKTPOJBUTATESIEM U YIIPYTOil My(TOI, C yUETOM TIEpPeXO-
HBIX 2JIEKTPOMEXaHUYECKHMX MTPOLIECCOB B MPUBOJHOM JIBUTa-
Tese, IepeMEeHHBIX MOMEHTOB MHEPIIMY TIPUBOIHBIX OGapaba-
HOB, TEXHOJIOTUYECKOM HAIPY3KHU, a TAKXKE U3MEHEHUST KOA(D-
(pULIMEHTOB MTPOIOJIBHOM X KECTKOCTH TTOIBMKHBIX KAHATOB.

Metonuka. Pa3zpabotaHHas nuHamMuyeckasi MOJeb MpU-
BOZIa CONEPXKUT PSII TEOPETUIECKUX 3aBUCHMOCTEH, pacuer-
Hble CXeMbl U cucTeMbl IubdepeHIIMaTbHbIX YpaBHEHUI,
OIMCHIBAIOIINX TUHAMMUYECKHE TTPOIIECCHI B IByxOapabaHHOM
3JIEKTPOMEXaHUYECKOM IPUBOJIE NTOJBECHOM KaHATHOM JIeCco-
TPaHCITOPTHOM ycTaHOBKU. JInddepeHnaabHble ypaBHEHUS
3JIEKTPOMAarHUTHOTO COCTOSIHUST MAIIHbBI, KOTOPbIE OITHUCHI-
BaIOT TIEPEXOIHBIC TTPOLIECCHI B IPUBOIHOM JIBUTaTEIC, 0a31-
pyloTcst Ha ocHoBe ypaBHeHuii Ilapka-T'opea. JAuddepeH-
LIMAJIbHBIC YPaBHEHUSI TBVDKEHMSI MEXaHUUYECKOM YacTH TIPH-
BoJIa pa3paboTaHbl Ha ocHoBe MeTofa JI’Anambepa. s yuc-
JICHHOTO WHTETPUPOBAHMSI CHUCTEM IudhepeHInaTbHBIX
ypaBHEHUI MpUMeHeH MOTUMUITMPOBAHHBINM MeTo Ditiepa.

Pe3yabraThl. MeTOOIOM WMMUTALIMOHHOTO MOJEJIUPOBA-
HMSI BBIYMCJICHBI IMHAMUYECKUE YCWIIWSI, NEHCTBYIOIINE B
MeXaHMYeCKMX mepeaadyax M MydTe MpuBoaa, ONpeacsieHb
TTOTEHIIMAIIBHO OTaCHBIE PEKUMBI PabOTHI TTPUBO/IA TIOABEC-
HOIl KaHATHOM yCTAHOBKM. YCTaHOBJIEHA 3aBUCUMOCTb KO-
s¢hduLIMeHTa IMHAMUYHOCTY HATPY3KHU OT KOHCTPYKTUBHBIX
rapaMeTpoB TpuBoaa. McciemoBaHo BIMSIHUE JJIWHBI CBO-
6GOTHOTO yJacTKa TIOABUKHOTO KaHaTa Ha BEJWYMHY ITHMHA-
MMUYECKUX Harpy30K B 3B€HbSIX IPUBOIOB.

Hayunas noBu3Ha. BriepBbie npemioxkeHa TMHaMUIecKast
MOJEJIb IPUBO/JIA MOABECHON KAHATHOM JIECOTPAHCIIOPTHOM
YCTAaHOBKH, KOTOPAsl yIUTHIBAET: TIEPEXOTHBIE AIeKTpOMeXa-
HUYECKKE MPOoliecChl B MPUBOIHOM JBUTaTesIe; IEpeMEHHbIe
MOMEHTBI MHEPLMU MPUBOIHBIX 0apabaHOB; MEPEMEHHYIO
Harpysky, IeMCTBYIOIIYIO Ha TIPUBOAHBIC OapabaHbl Ha KaX-
JIOM 3Tare TEXHOJOTUYECKOro IIMKiIa paboThl KaHAaTHOM
yCTaHOBKU. PacueThl mepeMeHHbIX BO BPEMEHU MOMEHTOB
WHEPIUU MPUBOIHOTO 6apabaHa M MOMEHTA CUJIbI TEXHOJIO-
TMYECKOT0 COINMPOTUBICHUSI BBITIOJHEHBI C YYEeTOM MHOTO-
CJIOITHOI HABMBKM KaHaTa Ha IIPUBOIHOI OapabaH, a TaKxKe
CUJIBI YIIPYTOii AeopMaliMu MOJABUXKHBIX KAHATOB.

IIpakTyeckas 3HaunMocTb. PazpaboTaHbl HOBbIE U yCO-
BEPLUEHCTBOBAHbI CYILLIECTBYIOILIME METOLAUKU, aJITOPUTMbBI 1
IpOTrpaMMBbI JUTSI pacyeTOB IMHAMUYECKUX HArpy30K B MydTe
U Tiepenavax 3JeKTpoOMeXaHMIeCKOro MpUBoIa KaHATHOM Jie-
COTPAHCIIOPTHOI YCTAHOBKU C TSTOBO-TPY30ITOIBEMHBIM U
00paTHbIM KaHaTamMu. Ha ocHOBaHMM MOJyYeHHBIX 3aBUCH-
MoOCTeit KO3(DUITMEHTOB AMHAMMYHOCTY HArPy3KU pa3pabo-
TaHbl PeKOMEHIALMHU [JIs1 BBIOOpa KOHCTPYKIIMOHHBIX U 9KC-
ITyaTallMOHHBIX TTapaMeTPOB IMPUBOIOB JAHHBIX YCTAHOBOK.

KiioueBble clioBa: nodsecrnas KkaHamuas 1ecompancnopm-
Has YCMAaHOBKA, OUHAMUYECKAs MOoOeab npueooa, OuHamu4e-
CKue Hazpy3Ku

Pexomendosano 0o nybaikayii 0okm. mexH. HAYK
1. T. Pebesniokom. [lama naoxooxucerus pykonucy 06.05.18.
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