Advances in Science and Technology

Research Journal

Volume 12, Issue 1, March 2018, pages 200-206

Research Article

DOI: 10.12913/22998624/86614

DEVICE DESIGNED FOR DETECTION AND SETTING THE REQUIRED
TENSILE FORCE IN ROPES

Leopold Hrabovsky', Marinko Maslaric?

' VSB - Technical University of Ostrava, 17. listopadu 15/2172, 708 33 Ostrava — Poruba, Czech Republic,
e-mail: leopold.hrabovsky@vsb.cz

2 Faculty of Technical Sciences, University of Novi Sad, Dr Zorana Bindica 1,21101 Novi Sad, Republic of Serbia,
e-mail: marinko@uns.ac.rs

Received: 2018.01.15
Accepted: 2018.02.01
Published: 2018.03.01

ABSTRACT

The contribution deals with a device, which allows recording values of tensile forc-
es acting on steel ropes. At the same time, this device allows setting of the same val-
ues of tensile forces in carrier ropes within multi-rope systems, which are initially
unevenly subjected to tension by the action of the weight suspended on these ropes.
In the contribution, two principles of devices for setting the required value of tensile
force in ropes are mentioned and subjected to the analysis of practical applicability.
The paper describes in detail the design and principle of operation of the mechanical
device for setting the required value of tensile force in ropes, which uses screw drive
and tensile force sensor.
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APPLICABLE REGULATIONS AND
REQUIREMENTS

In 2014, the European Committee for Stan-
dardization issued two new safety regulations [2]
and [3] for the construction of elevators and the
inspection of their components. These regula-
tions [2] and [3] have been in force since 2014,
but only turned mandatory on 1 September, 2017,
until that date they applied in parallel with the
regulations [1].

Regulation [2] sets down technical require-
ments and safety rules for construction and instal-
lation of elevators for transport of persons and
persons and freight. Regulation [3] defines con-
structing principles, calculations, inspections and
tests of elevator components.

Regulation [1], which expired on 1.7.2010 and
was replaced with [2] and [3], states in Chapter 9
that the elevator cages and balancing or offsetting
weights must be suspended on steel ropes or steel
chains with parallel links or on roller chains.
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If steel ropes are used as elevator carrier com-
ponents, then they must meet given requirements
[7, 8, 9]. First of them is that the minimum nomi-
nal diameter of the carrier steel rope is at least 8
mm. The second is the requirement for minimum
value of the nominal tensile strength of the wire
(especially for ropes with wires of the same ten-
sile strength and ropes with two nominal tensile
strengths of wires) [10, 11].

At least two cross-sections of the carrier ropes
for suspension of the elevator cages must be used
and the ratio of friction discs pitch diameters, pul-
leys and drums to the nominal carrier ropes diam-
eter must be at least 40, regardless the number of
rope strands. [12, 13, 14]

LEGISLATIVE REGULATIONS

The above requirement according to [1] for
the required ratio of friction disc pitch parameter
to the nominal diameter of the carrier ropes re-
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quires the contractor of the elevators, due to the
effort to reduce the space taken by the elevator,
under approved conditions by the competent au-
thorities, to use carrier ropes of smaller nominal
diameters than 8 mm.

The use of carrier ropes with smaller nomi-
nal diameters inevitably brings the requirement
for the use of a higher number of ropes for the
given loading capacity of the elevator. However,
an increasing number of the cross-sections of car-
rier ropes lead to a possible situation, when the
loading exerted by the weight of the cage and the
weight and the weight of the counterweight is not
evenly distributed into the individual cross-sec-
tions of the carrier ropes. This different loading
of the individual carrier ropes leads to an uneven
wear of the friction disc grooves and different
wear of the individual carrier ropes. As for this
condition [3] considers and requires the elevator
contractor to test that the load is evenly distrib-
uted into all cross-sections of the carrier ropes.

EXISTING PRINCIPLES OF DEVICES
CAPABLE OF DETECTING TENSILE
FORCES IN ROPES

Several principles are currently known on
the consumer market allowing subtraction of the
acting tensile force in the ropes and eventually
offsetting the different tensile force values in the
individual ropes.

Well known is the principle of a rope sensor,
see Figure 4, e.g. [4], measuring the tensile force
in the rope using the principle of bending defor-
mation of the beam loaded with single force, see
Figure 1. This device uses bodies with a measur-
ing member and three contact points in a plane.
The measured rope runs between these points.
The two outside contact points on the device
body, located at a known distance apart, serve as
support of the measured rope. The third contact
point is located at the midpoint distance of the

pitch of the two outside contact points, which is
distanced by the h value [m] from the axes inter-
section of the outside contact points, se Figure 2.
Due to the acting tensile force T [N] in the rope,
a compressive force F [N] is then exerted on the
third contact point, see the relation (1), which is
recorded by the measuring sensor.

F=2.T.sin(a) [N] (1)

According to Figure 2, the following depend-
encies can be determined between the relevant
parameters:

o = arctg(d/b) = arctg

[(h+2.R. cosa)/(a-2. R.sina)]
d=h+2.c=h+2.R. cosa [m]

¢ =R. cosa [m] @)
b=a-2.e=a-2.R. sina [m]

e =R. sina. [m]

Obtaining the value of the tensile force in the
carrier rope using a rope sensor, see Figure 1, is
a commonly used method, however, it has certain
limitations and drawbacks.

Under certain circumstances, the basic limita-
tion is the way of obtaining tensile force values
in the individual ropes of rope suspensions that
use a higher number of ropes. As a result of the
lead of the individual ropes into the grooves in
the friction disc, it is required that the longitudi-
nal axes of the carrier ropes are lead into the axes
of the grooves of the friction disc at a maximum
allowed, relatively small angle of attack. The lim-
ited size of the angle of attack of the rope into the
groove in the friction disc is strictly secured by
the choice of the pitch, i.e. the distance between
the longitudinal axes of the adjoining ropes. Due
to the low values of pitches of the longitudinal
axes of the carrier ropes (in multi- rope systems),
it is not possible to simultaneously mount the
rope sensors on all cross- sections of the ropes in
a limited space of the elevator shatft.

Figure 1. Rope sensor enables recording of tensile force in the rope [6]
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Figure 2. Principle of determining the tensile force with a rope sensor

Certain limitation in the use of the method for
determining the tensile force in the carrier rope
with a rope sensor can also be seen in the neces-
sity to have this device mechanically attached on
the ropes during the offset of the tensile forces. In
a phase of operation, when new ropes are being
installed in the elevator system and it is neces-
sary to move the cage within the elevator shaft
in order to offset tensile forces in the individual
ropes, there is a risk of collision of the sensors at-
tached to the ropes with the friction disc or other
elements in the elevator shaft.

Another significant limitation presents the
possibility of damaging the power cables to the
tensometric sensors of the rope sensors, when
there is a two-way movement of the elevator
cage. When the cage is moving within the elevator
shaft, then the carrier ropes and thus also the rope
sensors, which are mechanically attached to the
cross- sections of the ropes, are in motion as well.

The actual value of the tensile force acting on
the rope axis is not directly measured by the rope
sensor, it is determined proportionally from the
normal force exerted, i.e. the force perpendicular
to the rope axis. This normal force is a resultant
of the components of the acting tensile forces
in inclined sections of the measured rope, see
Figure 2, and acts on the central contact member
of the rope sensor. The actual value of the tensile
force in the rope must therefore be determined by
the comparative method. The accuracy of deter-
mining the actual tensile force in the rope is af-
fected by the reshaping (deformation) of the rope
sensor body and depends on the angle of inclina-
tion of the rope section and the distance of the
gripping points of all contact points.

The above mentioned limitations and
drawbacks can be eliminated using the device
for offsetting tensile forces in elevator ropes
described below.

Figure 3. Suspension screws with openings to which the ends of the ropes are attached
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Figure 4. Design of prototype a device for offsetting tensile forces with rope sensor

DEVICE FOR MEASURING THE TENSILE
FORCE IN A ROPE

A specific design and technical solution of
the device for detecting and offsetting tensile
forces in the elevator carrier ropes is illustrated
in Figure 5. The described device is capable of
continuously recording the time course of the in-
stantaneous tensile forces, acting on elevator car-
rier ropes, when one free ends of the carrier ropes
are mechanically attached to the openings of the
suspension screws, which are mechanically tied
to the bearing bracket, see Figure 3.

Suspension screw 1, see Figure 6, is threaded
through the opening in the bearing bracket 2. On
the thread of the suspension screw, above the up-
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per level of the bearing bracket, a bowl is pushed
3 in a defined direction, into which one end of the
compression coil spring is inserted 4. The bowl 5
is placed upon the other end of the cylindrical coil
spring 4. The end section of the suspension screw
1 is attached with a washer 6 and the hexago-
nal nut 7 is screwed. This is how the suspension
screw is locked against sliding out downwardly in
the direction of the elevator shaft (due to the ten-
sile force in the carrier rope) through the opening
in the bearing bracket 2.

The described device is a screw spindle 8,
consisting of a double screw 9, single screw 10
and a cylindrical nut 11.

The double screw 9 (see Figure 6) is fitted
with an outer trapezoidal isosceles single thread

Figure 5. Realized prototype of a device for offsetting tensile forces in elevator ropes

B

A

Figure 6. Construction design of a device for offsetting tensile forces in elevator ropes
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and inner trapezoidal isosceles single thread. The
single screw 10 is fitted with trapezoidal isosceles
single thread on its outer cylindrical surface. The
cylindrical nut’s outer surface 11 is fitted with two
openings, into which the pins formed in the end
sections, the cylindrical rods 12 and screws with
cylindrical head and inner hexagon are inserted
13. Pins at the ends of the cylindrical rod 12 and
the screw 13 in this way mechanically intercon-
nect the cylindrical nut 11 with the body of the
movable mechanical tension off-setter 14.

The single screw 10 is terminated by the cy-
lindrical section with the created opening. Cylin-
drical part of the single screw 10 is inserted into
the flange opening 15; preventing the rotation of
the flange 15 in relation to the single screw 10
is provided by a screw 16, washer 17, adaptable
washer 18 and a low hexagonal nut 19. A force
sensor 20 is screwed into the threaded opening on
the opposite side of the flange 15. The force sen-
sor 20 is secured against loosening with an adapt-
able washer 21 and a low hexagonal nut 22.

The outer thread of the suspension screw 1 is
screwed onto the inner thread of the hub 23; it is
secured against loosening with a washer 25 and a
low hexagonal nut 26. A nut 7 is screwed on the
thread of the suspension screw 1 at the appropri-
ate distance; see Figure 6, which leans against the
bowl 5 over the washer 6. The outer diameter of
the washer 6 is centered, in relation to the outer
diameter of the body of the movable mechanical
tension off-setter 14, by a centering ring 24.

DESCRIPTION OF OPERATION OF THE
MOVABLE MECHANICAL TENSION
OFF-SETTER

In actual practice, the required number of
suspension screws is threaded through the created
openings in the bearing bracket, which are spaced
apart in the desired, as small as possible pitch.
One free end of the carrier rope is fastened with
rope clamps over the rope eyepiece into the open-
ing (created in the end section of the suspension
screw, see Figure 3).

Tensile force acting on the suspension screw
axis 1 (tensile force is exerted in practice by the
relative loading, defined by the number of the
carrier ropes used and the method of their use, in
the respective branch of the carrier rope from the
weight of the cage or the counterweight) is in the
described device exerted by the same size onto
the axis of the suspension screw 1 through the
pressure of the coil spring in compressed state.
Compression coil spring is compressed to the re-
quired force (required tensile force acting in the
suspension screw axle) with a hexagonal nut. At
the moment of achieving the desired axial force in
one threaded rod 1, tensile force of a different size
in the second suspension screw axle is exerted in
a similar way.

Different values of tensile forces exerted by
different forces in the carrier ropes, see Figure 7,
and thus by pre-tensioning of the cylindrical com-
pression coil springs 4 are gauged by the tensile
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Figure 7. The process of the two tensile forces measured by the DEWEsoft programme in the tension equalizers
of ropes and rope lifts
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force sensors 20, see Figure 6. In order to achieve
the same value of the tensional force in the carrier
ropes, the double screw 9 of the individual screw
spindle 8 is rotated, which leads to a compression
(release) of the given compression coil spring 4.
Compression or release (given by the purpose of
rotation of the suspension screw 9 of the individu-
al screw spindle 8) of the individual compression
coil spring 4 are due to the design of the movable
mechanical tension off-setter, namely the fixed
length distance (at a given moment) between the
plane of placement of the cylindrical nut 11 (the
link is provided by the pins inserted into the open-
ings created in the end sections of the cylindri-
cal rod 12 and screws with cylindrical head and
inner hexagon 13) and the upper surface of the
bearing bracket 2.

In the lower part of the body 14 of the movable
mechanical tension off-setter, there is a mounting
(neck- down), into which a centering ring is in-
serted 24, see Figure 5. The inner diameter of the
centering ring 24 thus defines a play between the
outer dimensions of the washer 6 and the inner
diameter of the body mounting 14. At the moment
of rotation (in a given direction) of the double
screw 9 of the individual screw spindle 8, there is
an extension (shortening) of the distance between
the plane of placement of the cylindrical nut 11
(in relation to the body 14) and the upper surface
of the bearing bracket 2. The mutual mechani-
cal connection of the hub 23 with the suspension
screw 1 and the screw spindle 8, which is through
the cylindrical nut 11 mechanically interconnect-
ed with the body 14 of the movable mechanical
tension off-setter, gains one degree of freedom.
That means the hub 23 allows a shift in relation to
the longitudinal axis of the body 14.

Based on the assumptions described above,
at the moment of rotation (in a given direction)
of the double screw 9 of the individual screw
spindle 8, there is an extension (shortening) of
the distance between the plane of placement of
the cylindrical nut 11 and the centering ring 24,
which is inserted into the mounting in the lower
part of the body 14. The centering ring 24 leans
against the outer surface of the bowl 5. At the
moment of rotation of the double screw 9 of the
screw spindle 8 in a given direction, the bowl 5
is being pushed away by the centering ring 24
(the distance between the cylindrical nut 11 and
the surface of the bowl 5 is extending), thereby
causing compression of the coil spring 4 (when
rotating the double screw 9 of the screw spindle
8 in the reverse direction, the bowl 5 is being

pushed to the centering ring 24 (the distance
between the pins of the cylindrical nut 11 and
the surface of the bowl 5 is shortening), thereby
causing release of the coil spring 4).

Above the bowl 5, the washer is threaded 6 on
the suspension screw 1 followed the hexagonal
nut 7. By tightening (loosening) the nut 7, it is
possible to fix the compressed (released) spring
4 in the desired state. Since the value of the ten-
sional force in the individual suspension screw 1
can be continuously gauged and compared to the
value of the tensional force in the adjoining sus-
pension screw 1 using tensional force sensors 20
(in practice in adjoining suspension screws), the
above mentioned procedure enables achieving
the same values (offsetting the tensional forces
in the individual carrier ropes) of the tensional
forces exerted in the suspension screws from the
initially differently set values caused by the dif-
ferent pre-tensioning of the cylindrical compres-
sion coil springs 4.

CONCLUSIONS

The content of the contribution is a theoreti-
cal description of the operation of the device.

Detailed information on the measuring de-
vice that reads the signals of measuring sensors
and the environment that graphically records the
time course of the measured signals is provided in
contribution titled ,,Apparatus producing an even
distribution of strain into carriers®, see [4, 6, 5].

The possibility to measure the real value of
the tensile force in the partial cross section of the
carrying lift rope, to compare this to the value
of the tensile force of the adjacent carrying rope
and consequently, on the basis of the knowledge
of difference of both (or more) values of tensile
forces, to equalize both values in mechanical way
(by turning the nut attached to the rope hinge or to
the rod), it enables to use the described apparatus
in practice to set the appropriate rope tension in
multi-roped hinges.
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