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The automobile cable systems for loading and unloading operations between
the vehicle-support and vehicle-vehicle points are presented in this paper.
The scheme of the automobile mobile cable system is based on a two-cable
cableway. Based on this scheme, the parameters of the movement of goods
by automobile cable systems are substantiated at variable parameters:
mass m artificial loads together with the mass of the frame structure:
35 < m < 95 (kg); the angle of inclination a pairs of parallel ropes to the
horizon: 10 < a < 15 (°); tension force ropes 2400 < T, < 5000 (N). It has
been established that the dominant effect on the minimum time 7" has angle
o, then mass m and tension forces T), ropes. At the same time, it is worth
noting that the range of discrepancy of the quantities T values, when the
above factors change, is insignificant and is close to 5,7 % for (m/a) and 6,6 %
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1 Introduction

The study of the development of transport
and logistics technologies in the system of freight
transportation using the rope systems, which has
become widely used in various fields, is outlined in
this article. The research analysis of the processes
of loading artificial cargo into warehouses by various
types of transport and technological machines has been
provided in [1-2]. However, traditional types of transport
mechanisms are structurally complex and material-
intensive, and their use is economically feasible during
the transportation of goods over long distances [3]. The
well-known cable transport mechanisms for moving
various artificial loads, which can be prototyped in

the development of new transport and technological
machines, are presented in [4-6].

The use of rope transport mechanisms on the
self-propelled wheeled mobile transport and handling
complexes allows for the autonomous delivery of the
necessary technological equipment to the workplace
and its quick deployment for transport and handling
operations [7-8]. In articles [9-10] the mobile lifting
and rope mechanisms of transport equipment for the
sustainable development of heavy transport are formed
by autonomous self-propelled units, connected by
a single rope system based on the wheeled chassis of
a high load capacity. Regularities of change of optimal
parameters of intermediate supports and load-carrying
and traction ropes at the change of design capacity
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Figure 1 The schematics of a car mobile rope system for loading and unloading between the points of the car support:
1 - support; 2 - winch; 3 - spring; 4 - rocker arm; 5 - two-cable cable car; 6 - suspended cargo platform for moving cargo;
7 - car; 8 - limiters; 9 - hanging frame: 10 - hooks; 11- tow-line

of a cableway were revealed based on an analysis of
performed calculations [11].

The developed experimental devices and research
methods, together with the results of preliminary
studies of the proposed rope transport and technological
mechanism, are given in the articles [12-13].

It is important to use those devices in automobile
construction to facilitate the movement of people and
goods through small rivers, various obstacles, in the
mountains, transportation of injured or wounded,
ammunition, timber, etc. This type of modern multi-
purpose cable transport mechanism is perspective and
effective.

The high novelty of this transport technology and
the impossibility of fully using the existing design and
calculation methods, which were developed for stationary
cargo mobile transport and transshipment complexes,
require the creation of scientifically based theoretical
foundation for design, calculation, and modelling of work
processes at all stages of the life cycle.

Improving the performance of rope systems for
transport and handling operations, which will ensure
the creation of a promising design of a multi-purpose
rope transport system with the best characteristics,
maximum functionality and high-quality indicators, is
a key step in solving this technical problem.

2 Materials and methods

Nowadays, the usage of the rope systems has become
widely used in various fields. To this end, two structural
diagrams of car mobile rope systems for loading and
unloading between the points of car-support (Figure 1),
and car-car (Figure 2), have been developed [14].

In the first scheme, the car rope system, which
consists of a rope (two-rope cableway) 5 and a suspended
load platform for moving loads 6, is fastened by hooks
10 through the limiters 8 to the hinged frame 9 of the

car 7, and on the other hand through the rocker arm 4
spring 3 and ratchet mechanism (winch) 2 to the support
(a screw quick-mounting support can be used) 1. The
tension of the rope system is carried out by the ratchet
mechanism 2, and the compensation of dynamic loads
is carried out by the lanyard spring 3. The speed of the
suspended load platform 6 is regulated by the line 11.
Such a car rope system can be widely used for loading
and unloading, moving people and goods, setting up
crossings over small rivers and various obstacles, etc.

Figure 2 shows a car mobile rope system, which
provides loading and unloading operations between
two cars, consisting of a rope (two-cable car) 1 and
a suspended cargo platform for moving goods 2. The
rope 1 through limiters 3 is attached by a hook 9 and
through the winch 5 to the frame 4 of the car 6, and on
the other hand through the tension rollers 8 to the frame
of the car 7.

The tension of the rope system is carried out by the
ratchet mechanism 5, and the speed of the suspended
loading platform 6 is regulated by line 10. This system
can be widely used for transshipment of goods in the
implementation of road freight transport.

Substantiating the parameters of cargo movement
by the car rope systems, it has been stated that the
loading processes of two cable cars are identical (by
adjusting their equal tension through the rocker arm
4 (Figure 1) or tension rollers 8 (Figure 2). Therefore,
a flat problem with conditional movement of a load
of half mass (m = ms/2) on only one rope has been
considered where my is the total weight of frame
construction and cargo.

It has been assumed that the length of the route
(projection of the length of the ropes on the horizontal
plane) is equal L, the height of the rope suspension in
the loading area (point A) - H, and the unloading area
(point B) - A. Then the difference in height of the rope
suspension A/ at the points of loading and unloading
will be AH = H — h, Figure 3 [15]. Since the rope has
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Figure 2 The schematics of a car mobile rope system for loading and unloading between the points of car-car: 1 - two-cable
cableway; 2 - suspended cargo platform for moving cargo; 3 - limiters; 4 - frame; 5 - winch; 6 - car; 7 - car frame; 8 - tension
rollers; 9 - hook; 10 - tow-line
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Figure 3 Calculation scheme of placement and fastening of the ropeway

its own weight, which is evenly distributed along the
route, the unloaded rope (without a suspended platform
with a load) is modeled with a flexible inextensible
heavy thread with a uniform linear distribution A of the
entire mass of the rope m, in length /, [16-19]:

A= mk/lk = kak, (1)

where p, - specific weight of the rope; S, - rope cross-
sectional area.

The sagging of an unloaded rope by mass m, has
been considered. According to the model of sagging
heavy thread, it is stretched under the action of weight
G, = m,g, and in the rope there are tension forces
T = T(x), the axial component of which is constant
T =T, = const and numerically equal to the horizontal
component of the reaction force of the supports R, and
R, respectively at the points of suspension A and B.
Place the beginning of the coordinate system x@y at
the beginning of the loading zone, where the axis Ox is
directed along the movement of the weight horizontally
at the floor level of the warehouse. The coordinates of

the points of the rope suspension in the loading area are

A(0;H), in the unloading area B(L;h).
The equation of the chain line in the coordinate
system xQOy will be [16, 19]:

X — X
y = CZk[Ch( ar 9

)~ 1]+ vo, @

where a,- chain line parameter, a» = Tv/(Ag); x, and
¥, coordinates of the vertex of the parabola @ in the
coordinate system xOy, that is, the points of the global
minimum of the deflection line passing through the
suspension points A(x,; y,) and B(x,; y,).

For roads with previous working mounting tension
T, which provides a small deflection, the equation of the
sag line will be:

o 2
(EEF S, ®

Yu =

Accordingly, in the system xOy (Figure 3) Equation,
which determines the running length of the cable as the
load passes, has the form:

3 3
xo— (xo—x

by = x + RS I e ( % )

Gdk

4)

Equations (3)-(4) are obtained after expanding the
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Figure 4 The shape of the sagging ropes line on the route
length L =12m with the same mounting tension depending
on the difference in the levels of attachment of the rope:
yl(x) - AH =125m;y2(x) - AH =1.0m;
y3(x)- AH =0.75m

rope deflection Equation (2), and the similar rope length
equation, into the Maclaurin series with discarding
insignificant components. Thus, for the track length
L= 20m with deflection 1m (a,=50 m"), the difference
in deflections, calculated according to dependencies
Equations (2) and (3) will be only 3 mm, and the difference
in the calculated lengths will be less than 0.02mm,
which is significantly less than the measurement errors
of these values.

For a ropeway designed to move cargo under the
action of gravity, the height of the suspension in the
loading area H (point A) is greater than the height of
the suspension in the unloading area A (point B). The
equation of a straight line passing through the points
of suspension point A and point B, in the xOy system is:

vs = ya — atgB = H — atgf, (5)
where S - the angle of the straight line connecting
the suspension points (the angle of the straight line),

tgB =(H—h)/L = AH/L.
Running sagging ropes will be [15-17, 19-20]:

Sx) = ys— yu (6)

Taking into account the values of the suspension
points A(0;H) and B(L;h) coordinates in the system xOy:

xo=L+ w = 0.5L + artgf, D
_ g_ X
Yo = 2ar " ©

It follows from Equations (3) and (7) that for a ropeway
of length L with a height difference AH= H— h at
the initial installation value a, = 0.5L/tg, the zone of
maximum sagging coincides with the zone of unloading
(xQ =x,); at ar < 0.5L/tgB is located on the route
between the loading and unloading area (0 < x, < xp);
at ar > 0.5L/tgf - off the track (xQ > x,); or according to
Equation (4) on the approximate dependence:

S M
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Figure 5 The shape of the sagging ropes line without
cargo and with suspended cargo, located in the middle
of the route

3xox(xg — x) + «°

=s=x+ _
lax S X GGi 5

9

where s - the linear path parameter corresponding to the
running length of the rope.

The length of the rope, suspended between the
supports A(x,; y,) and B(x, y,) with tension T; will
be laps = L = L(1 + tg*B) + L'/(64a;). The initial
length of the rope, without taking into account the
increase in tension, will be [l = /(1 + &), where
gy = To/(ErSk) = arprg/Er - relative elongation of
the rope from the mounting tension.

With the same mounting tension (a = const),
depending on the height of the suspension % in the
unloading zone, the route will have a different curvature
(Figure 4).

Horizontal reactions of the supports (suspension
points), stretching the rope without load are [19, 21-24]:
Rp.=—Ran=Ty. (10)

Taking into account Equation (3), the vertical
reactions of the supports are:

RAy = yx(o) - Ty = JCQTO/ak, (11)

Rp, = 9.(L) To = (x5 — x0) - To/ax. (12)

The case of loading the rope at point D, the
suspended frame structure has been considered, with
a load whose total weight G = mg significantly exceeds
the weight of the ropes (an order of magnitude or more).
It is obvious that under the action of the load the rope
will be stretched, and the tensile forces will significantly
exceed their mounting tension and, accordingly, the
curvature of the branches of the route will be negligible.

Figure 5 shows the chain lines of sagging of the
rope with the parameter a, = 100 m without load (solid
line) and with suspended load (dashed line) with load
parameter f @, = 350 m.

As follows from Figure 5, the branches of the loaded
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Figure 6 Calculation scheme of interaction of the rope with
the suspension roller

ropeway are practically straightened. In the load zone
(point D) the rope covers the suspension roller, and in
the contact zone between the rope and the roller there is
a normal force N, Figure 6.

Let the angle of coverage of the roller rope is £, and
the axial tensile strength of the rope in the area of the
roller is T',. If the forces of sliding friction were neglected
[25], the tension of the rope point D on both sides of the
supports would be equal T, =T, , = T,

Then, the normal reaction force of the rope acting on
the roller will be [12, 14]:
N = 2Tpsin(&/2). (13)

For this case, with a small length of the transport
route, the weight of the suspended frame structure with
the load is significantly greater (an order of magnitude
or more) than the weight of the rope (ropes), and,
therefore, it is assumed that the rope branches from
the supports to the load area are straight, (Figure 3,
7). Let’s assume that the angle of inclination of the line
is positive when the point of suspension of the rope is
above the point of suspension of the load (the angle
of inclination of the line towards the loading point A)
and negative when the point of suspension of the rope
is below the point of suspension of the load (angle [,
according to Figures 6, 7). In this case, the points of
suspension of the rope (point A and point B) with the
point of action of the load suspension (point D) form
a triangle in which the side AB is placed at an angle f3
with respect to the axis Ox, the side AD at an angle .,
and the side BD - at an angle Bz, Figure 7.
Accordingly, the angles of the triangle will be equal:
LA=Ba—B4B=B+Ps; £D=Pp=180—
—&, =180 — Ba— Bs, where the angle of the
suspension roller coverage &, is:

&y =PBa+tBs.

The reaction force
angle 2D

(14)

vector N divides the
in half and is directed at an angle

.‘.'1: X
Dy 3,)

N}

-V_Ban

y+
& = \ //\9\“ Ry '
2 \ 8~
oo |
YG=mg 2
——t 4 —
0 Xp Xy X, X

Figure 7 Calculation scheme of the suspension of the frame
system with the load on the ropeway

Bo/2 = 90° — (Ba + Br)/2 with respect to the sides
AD and BD. Therefore, the vector N is placed at an angle
concerning the vector of the force of gravity G (or to the
axis Oy).

It is assumed that the forces of inertia are
insignificant. Then, the normal reaction of the rope,
when interacting with the roller, will be:
N= GcosS = GCOS(M). (15)

The tension of the ropes due to the action of the load
in the area of its suspension:

Geos[(Ba— Br)/2]
2sin[(Ba + Br)/2]

Accordingly, the horizontal and vertical reactions at
the points of suspension:

Tp ==

(16)

Rac = —TpcosBa; Ray = Tpsinfa, amn

Rp. = TpcosfBs; R = TpsinBs. (18)

Taking into account Equations (15)-(18), the
angles of inclination of the branches S4 and S5
interconnected functionally, resulting from the equality
of the projections of all the forces on the axis. From the
analysis of dependences Equation (16)-(18) it follows
that the projection of tension forces on the axis Ox of the
rope, from the side of the highest suspension point (point
A), is smaller than the tension force from the lower
suspension point (point B) by magnitude:

T — Tax = Nsind = Gsindcosd =

- Gsin(B4— Bs) (19)
=5

Since the suspension platform moves on the rope
under the action of gravity, the reaction force of the rope
on the roller is directed along the axis of the roller and
has no tangential component, so the tension force of
the rope 7)), in the case where the weight of the rope,
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Figure 8 Dependence of deflection Af, route on the road s,
passed by a roller on a rope at €x:1- €sx = 0.001;
2- €x =0.0025; 3 - €x =0.005;4- €5 =0.01

compared to the weight of the load is insignificant and
can be neglected, are virtually unchanged throughout
the area between the points of suspension of the rope
and point D. This is confirmed by the fact that the
curvature of the loaded rope is insignificant, and its
route is almost rectilinear, which is the basis for the
assumption. Let the distance AB, Figure 7, between the
rope suspensions (point A and point B) be marked as
l,; = 2c. With constant rope length /,, [, > [,,, when
moving the load on the rope, the point of its suspension
D will move along a trajectory that corresponds to an
ellipse with foci located at the points of suspension of
the rope A(x,; y,) and B(x,; y,), and the center of which
is located in the middle of the segment AB.

The graph of change of a deflection of a route s, on
the way passed by a roller on a rope for various loading
which is accepted invariable, that is for various values
€x is shown in Figure 8.

Resistance to movement is determined by the
running path s that the roller passes along the length of
the rope. The length of the rope /, exceeds the distance
1, between the points of suspension point A and point B,
le = 1ap(1 + €x). Here Eyx is the relative excess length
of the rope distance between the points of suspension of
the rope in a straight line [ag = 2¢ = L/cosf3, taking
into account its elongation from the pre-tension and the
tension from the load [26].

For determination of the running deflection
Af;i = Afi(s) at the point of suspension depending on
the path of movement of the suspension roller on the rope
s determines the energy parameters of transportation,
so it is taken as an independent parameter in the model
of transportation of goods by cable car. It is denoted as
s/l,=k_. Then:

L (2ex + €3)
~ 2co8’BY -[1+(1— 2k V(1 + ex)]

Afs (20)

The graph (Figure 9) shows the running height
difference Ak(x) = —(xstgB — Af) for different
mounting tension of the cables, providing a given excess
£z of the length of the stretched cable over the distance

Ah, m
A
ALK) 05| i
A2(x) TN
A3 | -.,‘\ \\
1 - - M — T
A4(x) . el T —4
_1.5 - DT .'.0'-.
0O 1 2 3 4 5 7 8 9 10 11 S m

6
X
Figure 9 Dependence of the running height difference
A h suspension system with cargo on the road s, passed by

a roller on a rope at: 1 — €x=0.001; 2 — €5 = 0.0025;
3 - €x =0.005;4- €5 =0.01

between the points of suspension of the rope.
The angles of inclination of the branches 1 and
B (Figure 10) are determined from the triangle AABD:

Bals) = arccos(%) + B, (21)
Br(s) = arcos( l?::sa ) —B. (22)

where a - projection of a stretched branch AD (running
route s, which passes the roller suspension on the
rope) per segment AB (distance between the points of
suspension of the rope):

a=als)=s(1+éexs)— lap(ex + 0.56%). (23)

The changing of the angles S4 and Bz in terms
of s, for different mounting tension of the rope and
according to the parameter €3, is shown in Figure 10.

For gravitational transport of goods, the direction of
reaction from the ropes is set by the angle & , determined
by the directions of the branches of the ropes, that is the
angles B4 and Bs, § = (Ba+ Bs)/2. Changing the
running value of the angle § for different values €5, in
terms of the route s, passed by the roller suspension is
shown in Figure 11.

Given the known placement of the load at the
current time and, accordingly, the known laws of change
of angles B4, B and § at a given tension, which
determines the required excess length of the cable €y,
it can be stated that the axial tension of the cable
mechanism and the reaction determined by Equation
(16)-(18).

Figure 12 shows the change in axial tension force T,
loaded rope at different parameters €x the calculated
lengths of the rope are set, and Figure 13 shows the
dependence of the reactions of the rope suspension when
moving the load along the route, on the parameter s.

These dependencies confirm that the main load
due to the action of the suspended system for routes
with the recommended working sagging of ropes, falls
on the horizontal components of the reactions of the
supports, B, and R, , at the point of suspension, which,
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Figure 10 Changing the angles of the rope branches a
(1) and ﬁB (2) in terms of s, for: 1 - €x =0.001;2 - €5 =
0.0025; 3 — €5 =0.005;4 - €z =0.01
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Figure 12 Changing the force of axial tension T, H rope

in terms of the parameter of the running length of the rope

s to the load point D for: 1 — €5 =0.001; 2 - €5 = 0.0025;
3- €x =0.005;4- €x =0.01

in practice, can take the forces of axial tension T, of the
rope.

Figures 7-13 show the change of system parameters
depending on the path s traversed by the roller on the
rope. In the coordinate system xOy the projection of
the load on the axis Ox will be x = scosBa(s). At
insignificant slopes of the loaded route values x and s
practically coincide.

In this case, it is possible to assume that the load
moves on the ropes without hesitation. The potential
energy of the cargo at the loading and unloading points
will be Wgy,,, = mghs and Wp,,, = mgh, , respectively.
The potential energy difference will be [16-17]:

A Weiw = mg(Vaow — V) = mg(Xunt — Xaow) X

(24)
The increase in kinetic energy is:
A Wpyn = m(UZCdaw - U%?m)/2 s (25)

where vc4,, and vc,, - the initial speed that can be
obtained by the system in the loading area and the

o, degr: f;

25
20 [}
15

811

812(x)

813(x)

sl °
-5 "'
-10
15
201 23 456 7 8 910 11 S, m

X

Figure 11 Changing the angle of the rope N on the roller
suspension of cargo in terms of s for: 1 — €x = 0.001;
2- €x =0.0025; 3 - €x =0.005;4- €5 =0.01
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Figure 13 Dependences of changes in the force of axial
tension T, and reactions, R, , R, and R, RBy on the
parameter of the running length of the rope s
at €x =0.0025

suspension speed in the unloading area, respectively.
Loss of resistance to displacement due to the rolling
friction forces I, = SyN/ry = AxN is:
AApun = AnNlxe = Anlemg - cos(8 + @). (26)
Substituting Equation (24)-(26) in the law of

conservation of energy A Wriow = A Wewi — AAx one
obtains:

m(vt = vty)/2 = mg(xu — xane)tep +

27
+ Af(%dow) — Af(Xun) — Anliemg - cos(8 + @), @7

where the speed of a cargo in the unloading area is
determined as:

2g(xunl - xdow)tgﬂ + ZAf(xduw) -
- 2Af(xunl) - 2/1lele!] *
ccos(8+ @) + vt

(28)

UCunl =

As a rule, such a speed at sharp stop of cargo and,
accordingly, containers, will cause a shock that can lead
to injury of a cargo. Springing of a suspended frame
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design by a clamping roller allows for a gradually reduce
the speed completely, or to an acceptable value for
a condition of not causing damage to the freight.

When the system is forcibly stopped in the
suspension zone, its kinetic energy of gradual motion
A Wiy = mvt,,/2will be converted into the kinetic
energy of oscillating motion A W4, = I,¢%5/2:
mot,, = Ib@h. (29)

The moment of inertia I, of the oscillating
suspension platform with the load can be determined
both theoretically and experimentally. Since the loads of
different weights and configurations can be transported,
the moment of inertia of the system is easiest to
determine experimentally by period 7. (frequency w:
) of oscillations of the suspension system as a physical
pendulum.

It is known that the period of oscillation as a physical
pendulum [18] is:

_2m _ Ip
To =4, 727[V demg’

where m - the total weight of the frame and load; d, -
the distance from the point of suspension to the center
of mass.

(30)

Hence, the moment of inertia of the suspension
demg T
47*
(29), the initial angular velocity of the system, at its stop

at the point of suspension will be:

2
G = MU Cyuni
Dy =N T

The equation of circular motion at a stop will be:

system is Ip = . Taking into account Equation

(31)

[Dd—¢ =17, (32)

dt
where T, - moment creating springs and rope.
Since the spring system is pre-loaded, the average
value of the torque, as the calculated value T, has
been taken. Then, the time before stopping the rotation
of the system with the load, from the solution of the

differential Equation (32) will be:

o ST
ta = et = Y0 (33)

The analysis of the obtained results allowed to
establish that the increase in speed and, accordingly,
the decrease in transport time occurs with a decrease in
the rolling resistance, which is achieved by increasing
the mounting tension, which leads to a decrease in the
angle of the roller rope coverage & and, accordingly,
reducing the coefficient of friction Ax. In addition,
transporting the heavier loads leads to an increase in
sag difference A f(X4ow) — ASf(Xuwu), which also reduces
transportation time. Structurally, the rotation of the
system is limited by locking devices in the unloading

zone, which dampen the excess speed in cases where it
is not damped by the spring-loaded rollers. The residual
speed has been observed for heavy loads (more than
50kg) and was not more than 10% (less than 0.2 m / s)
of the suspension speed at the end of the route.
Theoretical studies have shown that the spring
rollers significantly reduce the oscillation amplitude of
the system and clamping the rope also act as a damper,
as the oscillating process leads to bending of the rope
and internal friction between its threads, which leads
to sharp damping of oscillations that can occur when
starting and stopping the frame construction with cargo.

3 Results and discussion

To confirm the theoretical developments,
experimental studies have been conducted. They were
based on the developed method, which is presented in
[24]. An experimental setup has been developed to adjust
and determine the tension of ropes, the magnitude of
their deflection in the vertical direction from the value
of the discrete load in different zones, the angle of the
pair of ropes to the horizon, and the time of movement
on the frame structure of a piece cargo from the loading
zone to the unloading zone. The scheme of functioning of
the automobile mobile rope system based on a two-cable
cable car, on which the suspended cargo platform moves
on rollers has been outlined. This platform is made in
the form of a rigid frame structure, which is suspended
on load-bearing rollers and its movement is limited by
the action of spring-loaded pressure rollers [15] Figure
14. At measurement of forces at loading of levers with
pressure the rollers of rope system the dynamometer
electronic brand DE 5-0.5 was applied [14].

When determining the dependence of the
transportation time 7T of the piece goods in containers
by rope mechanism in the warehouse, the range of
changes in the values of the factors was as follows: mass
m of artificial loads together with the constant mass of
the frame structure for their location: 35 < m < 95 (kg);
the angle of inclination o of a pair of ropes parallel to
the horizon: 10 < a < 15 (°); tension force T), of ropes
2400 < T,< 5000 (N).

Based on the carried-out statistical processing of the
received results of research on multifactor experiment
the regression equation of dependence is constructed
T =f(m;o; T))[2]:

T = 119156 — 0.2 - 10 *Tp — 0.543a — 0.0153m +
+0.71-10 875 + 0.35 - 10 ° Tpar + 0.01210* +
+0.12 - 10 *om + 0.51 - 10 “m?.

(34)

The analysis of the regression Equation (34) showed
that the average values of the factors from the specified
ranges of the transportation time ¢ of the piece goods in
the warehouse is approximately T'= 5.92 s. The dominant
effect on the minimum transportation time ¢ of the piece
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Figure 14 General view of experimental installation of the rope system: a) structural diagram; b), ¢) general view of the
artificial cargo loading area: 1 - hinged levers; 2 - rollers; 3 - two-cable cable car; 4 - pressure rollers; 5 - tension springs;
6 - frame structure; 7 - artificial loads; 8 - brackets; 9 - helper rope

10.0 ‘
o, degrees

1235)

(a)

Ts

(c)

Figure 15 The Response surface transportation of piece goods in the warehouse due of time change in terms of the force
of tension, the angle of their inclination to the horizon and the mass artificial cargo: a - T = fiT,, a); b - T = fla, m);
o-T=AT, m)

goods in the warehouse has the angle of inclination o
of a pair of parallel ropes to the horizon (T' = 5.47 s),
then the mass m of artificial loads together with the
constant mass of the frame structure for their location
(T = 5.78 s) and the tension force T of ropes (T~ 5.83 s).
It should be noted that the range of differences in values

T, when changing the above factors is negligible and is
close to 5.7% for (m / o) and 6.6 % for (T, / o).

Based on the performed calculations, which were
carried out with the help of a package of statistical
applications for processing and analysis of the obtained
results of experimental research for PC, the three-
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dimensional spatial dependences of time response
surfaces T of transportation of the piece goods in the
warehouse and their two-dimensional cross-sections for
a visual representation of laboratory tests have been
constructed.

The conducted multifactor experiment had the
following limits of variable parameters: mass m artificial
cargo together with the mass of the frame structure:
35 < m < 95 (kg); the angle of inclination o pairs of
parallel ropes to the horizon: 10 < a < 15 (°); the force
of tension T’ of ropes 2400 < T, < 5000 (N) (Figure 15).

In the study of the influence of two variable
parameters on the value of the transportation time T
of the piece goods to the third party was given a fixed
average value with the appropriate values: m = 65 (kg);
a =15 (°); T, = 5000 (N). It is established that the
dominant influence on the minimum time T has angle
o, then mass m and the force of tension T, of ropes.
However, it should be noted that the range of differences
in the values ¢t when changing the above factors is
insignificant and is close to 5.7% for (m / @) and 6.6 %
for (T, / a).

4 Conclusion

The developed automobile cable systems for loading
and unloading operations between the vehicle-support
and vehicle-vehicle points are presented in this paper.
In the developed cable system, the rotation of the
system is limited by locking devices in the unloading
area, which eliminates the excess speed in cases where
it is not eliminated by spring-loaded rollers. It has been
established that the residual speed was observed for
heavy loads (more than 50kg) and was no more than
10% (less than 0.2 m/s) of the suspension speed at the
end of the track. The analysis of the obtained theoretical
results made it possible to establish that an increase
in speed and, accordingly, a decrease in transportation
time, occurs with a decrease in the rolling resistance,
which is achieved by an increase in mounting tension,
which leads to a reduction in the roller coverage angle
& with a rope and, accordingly, reducing the coefficient
of friction Ay . In addition, transporting a load with
a greater weight leads to an increase in the difference
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