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(54) Magnetic-inductive device for the control of multiple steel-wire ropes

(57) This device permits the non-destructive testing
of multiple steel wire ropes; it is composed of two con-
nected moduli (1, 2); each modulus (1, 2) has at least
one magnet (5), at least one coil or more permanent
magnets (5), one or more coils (7, 7.1), one signal power
point (8), two rollers (14) and a shell; the shell is com-
posed of two lateral plates (9), an upper plate (10), a
lower plate (11), a fore plate (12) and a back plate (13);

the magnets (5), fixed to the upper plate (10) and the
lower plate (11), form with these pole pieces a magnetic
inductor; the magnets (5) are placed on one or more
planes, parallel to the plane of the multiple wire ropes
(6); any discontinuity of the moving wire ropes (6) cre-
ates perturbations of the magnetic field, generating
electric power which is transferred to an analogical re-
corder; this recorder can amplify it and print on paper
the diagram showing the state of the wire ropes (6).
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Description

Technical Field

[0001] This invention consists in a device which al-
lows a non-destructive testing of multiple steel wire
ropes and is therefore suitable for the periodic inspec-
tion of elevator wire ropes, of goods lifts and of all the
installations containing multiple steel wire ropes.

Background Art

[0002] The non-destructive testing of steel wire ropes
is a procedure adopted to check the state of the wire
ropes of the installations for the public transportation of
people (wire ropeways, carways, chair lifts, ski lifts, etc.)
or materials (goods lifts, cranes, hoists, tackles, etc.).
These periodic inspections are aimed at preventing the
deterioration of wire ropes, which may be caused by
many factors: breaking of the wire ropes due to fatigue
or anomalous scraping, corrosion, anomalous distribu-
tion of tensions due to manufacture or assembly de-
fects, etc.
[0003] One of the non-destructive testing systems,
known for many years, is based on magnetic induction.
It consists in the introduction of a single wire rope in a
device which exploits magnetic induction and in the slid-
ing of this wire rope within the device itself. In case of
fixed wire ropes, the device slides along the wire ropes.
[0004] Each device of this type consists essentially of
an inductor with permanent magnets. They generate
one o two circular magnetic fields which are generally
tangent to the wire rope. Only the USA patent 4,495,465
describes the generation of two magnetic fields with the
same axis of the wire rope to be tested. The wire rope
is magnetized by the magnetic field generated by the
inductor. Any discontinuity of the wire rope, both internal
and external, provokes perturbations in one o more
magnetic fields around the wire rope, which are sensed
by special measure coils. These perturbations, as a con-
sequence of the magnetic induction principle, create an
inductive electromotive force that provokes an electric
power which reaches the signal power point. From that
point the electric power is taken through power cables
to an analogical recorder, placed at some distance,
which is able to amplify it and to print a diagram on con-
tinuous paper. The reading of this diagram allows to
identify any anomaly of the wire rope, both external
(breaking of the wires, flattenings, deformations) and in-
ternal (breaking of the wires, corrosions, deterioration
of the core).
[0005] Present devices permit to verify only one wire
rope at a time, because they generate a circular mag-
netic field. This is due to the disposition of the magnets
within the device. If this kind of device were to be used
to test more wire ropes, the reading, which is the sum
of the perturbations within the magnetic field provoked
by all the wire ropes at the same time, would be incor-

rect, because the coils are placed circularly around the
sliding section. This lack of precision is due to the fact
that anomalies of the wire ropes which are more distant
from the coils provoke a weaker signal than the same
anomalies of the wire ropes which are closer to the coils.
The analysis of the diagram obtained under these cir-
cumstances may lead to wrong conclusions as regards
the situation of the wire ropes.
[0006] As elevators use a multiple wire rope system
in which wire ropes are parallel on the same plane, the
use of magnetic-inductive devices with circular field
does not give reliable results.
[0007] Consequently, the system currently used to
control the wire ropes of these lifting facilities is visual,
accompanied with empirical systems like the use of cot-
ton wires or a small wooden bar exclusively to find out
any breaking of the external wires.
[0008] Obviously, these empirical control systems
have many disadvantages, mainly due to the limited
field of vision of the human eye, to the contemporary
movement of different wire ropes which need testing,
and to the masking of these wire ropes by their lubricant.
More importantly, the internal anomalies of the steel wire
ropes go unnoticed.

Summary of the invention

[0009] The main purpose of this invention is to put at
the user's disposal a device permitting a contemporary
non-destructive testing of more steel wire ropes.
[0010] This and other aims are achieved by the device
described in this patent, which is composed of two mod-
uli, which internally are fundamentally specular. These
moduli are fixed to each other through hinges or joint
pins and clamping elements like lever locks.
[0011] Each modulus has at least one magnet, at
least one coil, a signal power point, two rollers and a
shell which supports and/or protects these elements.
Each magnet develops along the wire ropes axis. When
a modulus has more magnets, these are placed on one
or more planes parallel to that of the wire ropes. Each
coil may be wrapped around one or more magnets.
These coils can be substituted, in each modulus, by one
single coil placed between the magnets and the steel
wire ropes.
[0012] The lateral supports of the shell consist of two
plates having an axis parallel to that of the wire ropes.
These supports are fixed to an upper plate and a lower
plate, both plates having their axis orthogonal to that of
the wire ropes. These plates create the pole pieces. Fi-
nally, the shell of each modulus contains two U-shaped
plates, having their axis parallel to that of the wire ropes
and constituting the fore frontal covering and the back
frontal covering. The first covering delimits the sliding
section of the wire ropes, the second protects the mag-
netic components.
[0013] The inductor is composed of the pole pieces
and the permanent magnets. These are made of high-
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stability materials. The inductor can be easily remagnet-
ized.
[0014] The coil/coils can be replaced by one or more
Hall sensors, placed between the magnets and the steel
wire ropes.
[0015] The coil or the Hall sensor are connected to a
signal power point, placed on the external part of the
modulus. When more coils or Hall sensors are used,
they are connected to each other in series and with the
signal power point.
[0016] The magnets are fixed to the plates constitut-
ing the pole pieces. Specific guides and ties of these
plates permit the correct positioning of the magnets.
[0017] On the upper and lower parts of each modulus
(with reference to the direction of the wire ropes) there
is a roller, orthogonal to the wire ropes axis. To each
roller of a modulus corresponds a roller on the other
modulus, thus creating two couples of rollers (the upper
couple and the lower couple), which allows the sliding
of multiple wire ropes and their positioning in the section
between the two moduli, at the centre of the device.
[0018] The roller shafts are placed in holes made on
the lateral supports. The holes can also be created in
stirrups fixed to the supports or to the plates constituting
the pole pieces.
[0019] The two moduli, though essentially identical,
are different. The holes of one of them, defined as prin-
cipal, have a diameter slightly bigger than that of the
shafts and, consequently, no change of their position is
possible. In this case, to wire ropes of a certain diameter
will correspond a roller with a proportional diameter, in
order to keep the wire ropes at the centre of the device,
between the two moduli. Alternatively, the two shafts
placed in the principal modulus can be inserted in bush-
ings with eccentric hole, which permits the shifting of the
shafts and, consequently, the shifting of the rollers along
the wire ropes, so that rollers of the same diameter can
be used for wire ropes of different diameters.
[0020] Internal devices in the principal modulus keep
the multiple wire ropes at the centre of the device with
reference to the plates constituting its lateral supports.
[0021] The two shafts of the secondary modulus are
inserted in lengthened slits, which develop orthogonally
to the multiple wire ropes axis. As these rollers do not
have a fixed rotation centre, they can be drawn closer
to the rollers of the principal modulus. The simultaneous
contact of each couple of rollers with the wire ropes is
obtained and maintained through elastic elements
which are applied between the corresponding shafts, on
both sides.
[0022] Holes or slits on lateral supports are used to
insert handles or other instruments aimed at securing
the device to the desired position.
[0023] The rollers preferably have a cylindrical shape,
with a axis transversal to the wire ropes axis and can be
smooth and/or grooved.
[0024] This device permits a correct reading, valid for
all the wire ropes examined contemporarily, because it

magnetizes the section of the wire ropes to be checked
with a longitudinal magnetic field of such an intensity to
bring steel to saturation point. As a consequence of the
saturation, a magnetic flux parallel to the field of the wire
ropes surrounds them.

A Brief Description of the Drawings

[0025] More characteristics and advantages of the in-
vention will become clearer from a description of some
forms of execution, preferred but not exclusive, of the
device and of its parts, which are preferable but not com-
pulsory and are given for illustration purposes only in
the enclosed drawings, in which:

- figure 1 shows a frontal view of the device;
- figure 2 shows an upper view of the device;
- figure 3 shows a lateral view of the device;
- figure 4 shows a transversal section of the device

along the plane A-A;
- figure 5 shows a longitudinal section of the principal

modulus along the plane B-B;
- figure 6 shows a transversal section, along the

plane A-A, of a device having a different structure
and disposition of the coils;

- figure 7 shows a longitudinal section, along the
plane B-B, of the principal modulus of the device
shown in figure 6;

- figure 8 shows a longitudinal section, along the
plane C-C, of the principal modulus. It shows a first
device to hold multiple wire ropes on their direction
and in the centre of the device with reference to its
lateral supports;

- figure 9 shows a transversal section, along the
plane D-D, of this last modulus;

- figure 10 shows a longitudinal section, along the
plane C-C, of the principal modulus. It shows a sec-
ond device holding multiple wire ropes on their di-
rection and in the centre of the device with reference
to its lateral supports;

- figure 11 shows two transversal sections, along
planes E-E and F-F, of this last modulus;

- figure 12 shows a frontal view of a sliding block with
a smooth surface and a grooved surface;

- figure 13 shows a lateral view of this sliding block;
- figure 14 shows a frontal view of a grooved roller;
- figure 15 shows a lateral view of a bushing with an

eccentric hole of the principal modulus;
- figure 16 shows a transversal section, along the

plane G-G, of this bushing;
- figure 17 shows a lateral view of two rollers and of

the elastic ring placed between the respective
shafts which holds the two rollers tight to the wire
ropes;

- figure 18 shows a lateral view of two rollers and of
the spring placed between the respective shafts
which holds the two rollers tight to the wire ropes.
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Mode for Carrying Out the Invention

[0026] More precisely, the device is composed of two
specular moduli 1, 2, connected through a hinge 3 and
two lever locks 4. Each modulus 1, 2 contains twelve
permanent magnets 5 which are placed on two planes
parallel to the axis of the wire ropes 6. Each modulus
contains six coils 7, wrapped around an equal number
of magnets 5. The coils 7 of each modulus 1, 2 are con-
nected electrically between them and to a signal power
point 8 fixed to the external part of the modulus 1, 2.
There can also be a single coil 7.1 in each modulus and
it can be placed between the magnets 5 and the steel
wire ropes 6, as shown in figures 6 and 7.
[0027] The magnets 5 of each modulus 1, 2 are pro-
tected by a shell. The shell is composed of two plates 9
constituting its lateral supports, of an upper plate 10, of
a lower plate 11, of a fore frontal covering 12 and of a
back frontal covering 13.
[0028] The longitudinal axis of the lateral supports 9,
of the fore frontal covering 12 and of the back frontal
covering 13 is parallel to the longitudinal axis of the wire
ropes 6. The axis of the upper plate 10 and of the lower
plate 11 is orthogonal to that of the wire ropes 6. The
fore frontal covering 12 and the back frontal covering 13
are U-shaped. The magnets 5 are inserted in the guides
of the upper plate 10 and of the lower plate 11. The mag-
nets 5 are fixed to plates 10, 11, which function as pole
pieces, through draught screws 10.1.
[0029] The plates 10, 11, together with the permanent
magnets 5, constitute the magnetic inductor. The two
plates constituting the lateral supports 9 and the plates
constituting the fore frontal covering 12 and back frontal
covering 13 are also fixed to the plates 10, 11.
[0030] The plates constituting the fore frontal covering
12 delimit the section of the sliding wire ropes 6. The
fore frontal covering 12 and the back frontal covering 13
prevent accidental contacts, respectively, of the wire
ropes 6 or of the operator's hands with the magnets 5
and the coils 7, 7.1.
[0031] The upper part and the lower part of each mod-
ulus 1, 2 have a roller 14 orthogonal to the wire ropes
axis 6. To each roller 14 of the modulus 1 corresponds
a roller 14 of the other modulus 2, thus forming two cou-
ples of rollers 14 (an upper roller and a lower roller),
which place the multiple wire ropes in the longitudinal
section between the two moduli, at the centre of the de-
vice. The shaft 14.1 of the rollers 14 of the modulus 1
are places in holes made on the lateral supports 9.
These holes have a diameter which permits the insertion
of the shafts 14.1 of the rollers 14, but not a translation.
Consequently, they cannot be moved.
[0032] The shifts 14.1 of the rollers 14 of the modulus
2 are placed in lengthened slits 9.1 of the supports 9,
which are orthogonal to the multiple wire ropes axis 6.
The rollers 14 of the modulus 2 can therefore be drawn
nearer to the rollers 14 of the modulus 1 (and to the wire
ropes 6) and can be held in the desired position using

springs 15 or elastic rings 16 placed between the corre-
sponding shafts 14.1.
[0033] This structure of the holes hosting the shafts
14.1 of the modulus 1 forces the user to substitute the
rollers 14 of the modulus 1 every time the wire ropes
diameter 6 changes, in order to keep the wire ropes 6
at the centre of the device, with reference to the two
moduli 1, 2. In order to avoid this substitution, the holes
can be replaced by bushings 17 with an eccentric hole,
fixed to holes specifically made on the plates 9 of the
principal modulus 1. Each bushing 17 is blocked with a
screw. The rotating movement of these bushings per-
mits the moving of the shafts 14.1 inserted in the bush-
ings 17 and, consequently, the movement of the rollers
14, in order to use rollers 14 of the same diameter, even
with wire ropes 6 having different diameters.
[0034] In the lateral supports 9 holes 9.2 are made to
insert handles or to block the device in the desired po-
sition.
[0035] Rollers 14 may be smooth (figures 1, 2, 3 and
5) or grooved (figure 14). Each groove 14.2 contains a
wire rope 6. Rollers 14 may be substituted by sliding
blocks, as shown in figures 12 and 13.
[0036] Internal devices of the principal modulus 1
keep the multiple wire ropes at the centre of the device,
with reference to the plates constituting its lateral sup-
ports 9, in order to allow an exact evaluation. A first de-
vice consists of two blades 18, an upper blade and a
lower blade, which are orthogonal to the ropes 6 and
are fixed to the lateral plates 9 of modulus 1. Each blade
18 has lengthened slits 18.1, which are orthogonal to
the wire ropes 6. Two screws 19 of the slits 18.1 fix two
rods 20 to the blades 18. The longitudinal axis of the
rods 20, which are lateral to the wire ropes 6, is parallel
to that of the wire ropes 6. The rods 20 can slide, or-
thogonally to the wire ropes 6, towards the internal part
of the device or towards the opposite direction, by simply
passing the screws 19 in the slits 18.1, until the distance
between the two rods 20 is slightly superior to the sum
of the diameter of the ropes 6, including the spaces be-
tween one rope and the other, thus allowing their correct
positioning.
[0037] As an alternative to this device, another device
has been invented, where small bars 21 are fixed to the
plates 9 which constitute the sides of the modulus 1.
These small bars 21 are connected to two rods 24
through two pins 22 and a regulation screw 23. The lon-
gitudinal axis of the rods 24, which are lateral to the wire
ropes 6, is parallel to that of the wire ropes 6, whereas
the pins 22 and the regulation screws are orthogonal to
the ropes. By acting on the regulation screws 23, the
distance between the two rods 24 can be regulated, until
the distance between the two rods 24 is slightly superior
to the sum of the diameter of the ropes 6, including the
spaces between one wire rope 6 and the other.
[0038] While using the device, the rollers 14 of the
principal modulus 1 are chosen according to the number
and the diameter of the multiple wire ropes 6 to be
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checked. Or, if the device has the above-mentioned
bushings 17, the position of the rollers along the wire
ropes can be regulated.
[0039] The internal devices of the principal modulus
1 are then regulated through the screws 19 or 23 until
the distance of the rods 20, 24 is superior to the sum of
the diameters of the wire ropes 6, including the spaces
between one wire rope 6 and the other. The two moduli
1, 2 are then closed on the wire ropes 6, so that the wire
ropes can slide through each couple of rollers 14. The
two moduli 1, 2 are later fixed to each other through lever
locks 4. The rollers 14 of the other modulus 2 are then
drawn closer to the wire ropes 6, sliding their shafts 14.1
in the slits 9.1; the simultaneous contact between the
rollers 14 of the modulus 1, the wire ropes 6 and the
rollers 14 of the modulus 2 is assured through springs
15 or through the elastic springs 16 placed between the
corresponding shafts 14.1, on both sides. The device is
then fixed in a correct position through fixing elements
acting on the holes 9.2.
[0040] Finally, the wire ropes 6 slide in the internal
space of the device delimited by the plates 12 of the two
moduli 1, 2. Any internal or external discontinuity of the
moving wire ropes 6 provokes perturbations of the mag-
netic field generated by the inductor around the wire
ropes 6. The longitudinal axis of the magnetic field is
parallel to that of the wire ropes 6. These perturbations
of the magnetic field are recorded by the coils 7, 7.1 con-
nected to the signal power points 8. The perturbations
create an inducted electromotive force generating an
electric power which reaches the signal power points 8.
The power is then transferred, through cables, to an an-
alogic recorder, which is separated from the device and
is able to amplify the electric power and to print on paper
the state of the wire ropes 6. The reading of the diagram
allows to identify any anomaly of the wire ropes 6, both
internal and external.

Claims

1. Magnetic-inductive device for the control of multiple
steel-wire ropes, composed of two substantially
specular moduli (1, 2), a principal modulus (1) and
a secondary modulus (2), connected each to the
other by hinges (3) or joint pins and locking ele-
ments like lever locks (4); each modulus (1, 2) has
at least one permanent magnet (5) made of high-
stability material and easy to remagnetize, at least
one coil (7, 7.1), one signal power point (8), two roll-
ers (14) and a shell which supports and/or protects
these elements; the perturbations of the magnetic
field generate an inducted electromotive force
which provokes an electric power which reaches
first the signal power points (8) and then, through
cables, an analogic recorder separated from the de-
vice, which is able to amplify the power and print a
diagram on continuous paper; on the upper and

lower parts of each modulus (1, 2) there is a roller
(14) orthogonal to the wire ropes (6) axis; to each
roller (14) of the principal modulus (1) corresponds
a roller (14) of the other modulus (2), thus forming
two couples of rollers (14), an upper couple and a
lower couple, which place the multiple wire ropes
(6) at the centre of the device, between the two
moduli (1, 2); this device is characterized by the
fact that the permanent magnets (5), fixed to an up-
per plate (10) and to a lower plate (11) constituting
the pole pieces, form with these plates (10, 11) the
magnetic inductor; the magnets (5) are placed on
at least one plane parallel to the plane of the wire
ropes (6) and generate a magnetic field having its
longitudinal axis parallel to that of the wire ropes (6);
the longitudinal axis of each magnet (5) is parallel
to that of the wire ropes (6); the coils (7) are
wrapped around one or more magnets (5) and lead
to a signal power point (8) which is fixed on the ex-
ternal part of the modulus (1, 2); the coils (7) are
electrically connected to each other in series and
with the signal power point (8); internal devices of
the principal modulus (1) keep the multiple wire
ropes (6) at the centre of the device with reference
to the lateral plates (9); specific elements of this de-
vice regulate the distance between the roller (14) of
the principal modulus (1) and the corresponding
roller (14) of the secondary modulus (2) and of dif-
ferently shaped rollers (14); holes (9.2) or slits are
made in the plates (9) to insert handles or other in-
struments aimed at securing the device in the de-
sired position.

2. Magnetic-inductive device, according to claim 1,
characterized by the fact that in each modulus (1,
2) a coil (7.1) is placed between the permanent
magnets (5) and the wire ropes (6).

3. Magnetic-inductive device, according to claims 1
and 2, characterized by the fact that in each mod-
ulus (1, 2) the coil (7.1) is substituted by one or more
Hall electronic sensors, placed between the perma-
nent magnets (5) and the steel-wire ropes (6).

4. Magnetic-inductive device, according to claim 1,
characterized by the fact that the shell is com-
posed of an upper plate (10), of a lower plate (11),
of two plates (9) constituting the lateral supports, of
a plate (12) constituting the fore frontal covering and
of one plate (13) constituting the back frontal cov-
ering, where the two plates (12) delimit the sliding
section of the wire ropes (6); the longitudinal axis of
the plates (9) constituting the lateral supports is par-
allel to that of the wire ropes (6); these plates are
fixed to the upper plate (10) and to the lower plate
(11); the axis of these two plates (10, 11) is orthog-
onal to that of the wire ropes (6); the plate (12) con-
stituting the fore frontal covering and the plate (13)
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constituting the back frontal covering are U-shaped
and their axis is parallel to that of the wire ropes (6).

5. Magnetic-inductive device, according to claim 1,
characterized by the fact that the principal modu-
lus (1) has an internal device which keeps the mul-
tiple wire ropes (6) at the centre of the device with
reference to the plates (9) constituting its lateral
supports; this device consists of two blades (18), an
upper blade an a lower blade, which are orthogonal
to the wire ropes (6) and are fixed to the lateral
plates (9) of the principal modulus (1); these blades
(18) have lengthened slits (18.1) with an axis or-
thogonal to that of the wire ropes (6); screws (19)
placed in these slits (18.1) fix the blades (18) to two
rods (20); the longitudinal axis of the rods (20),
which are lateral to the wire ropes (6), is parallel to
that of the wire ropes (6); the rods (20) are translat-
ed, orthogonally to the wire ropes (6), towards the
internal part of the device or in the opposite direc-
tion, by sliding the screws (19) in the slits (18.1),
until the distance between the two rods (20) is
slightly superior to the sum of the diameters of the
wire ropes (6), including the spaces between one
wire rope (6) and the other, thus allowing their cor-
rect positioning.

6. Magnetic-inductive device, according to claim 1,
characterized by the fact that the internal device
of the principal modulus (1) used to keep the multi-
ple wire ropes (6) at the centre of the device with
reference to the plates (9) constituting its lateral
supports is made of small bars (21) fixed to the lat-
eral plates (9), connected to two rods (24) through
pins (22) and regulations screws (23); the longitu-
dinal axis of these rods (24), which are lateral to the
wire ropes (6), is parallel to the longitudinal axis of
the wire ropes (6); the pins (22) and the regulations
screws (23) are orthogonal to the wire ropes (6); the
regulations screws (23) allow to push the rods (24)
towards the wire ropes (6) or to pull them in the op-
posite direction until the distance between the two
rods (24) is slightly superior to the sum of the diam-
eters of the wire ropes (6), including the spaces be-
tween one wire rope (6) and the other.

7. Magnetic-inductive device, according to claim 1,
characterized by the fact that the shafts (14.1) of
the rollers (14) of the principal modulus (1) are
placed in holes made in the lateral plates (9); the
diameter of these holes is slightly superior to that of
the shafts (14.1); the shafts (14.1) of the rollers (14)
of the secondary modulus (2) are placed in length-
ened slits (9.1) made in the lateral plates (9); the
slits (9.1), being orthogonal to the axis of the multi-
ple wire ropes (6), allow the translation of the rollers
(14) of the secondary modulus (2) on the rollers (14)
of the principal modulus (1) and on the wire ropes

(6); the simultaneous contact of each couple of roll-
ers (14) with the wire ropes (6) is obtained and
maintained through elastic elements which are ap-
plied between the corresponding shafts (14.1), on
both sides.

8. Magnetic-inductive device, according to claims 1
and 7, characterized by the fact that the shafts
(14.1) of the rollers (14) of the principal modulus (1)
are inserted in bushings (17) with an eccentric hole,
which are blocked by screws and allow the moving
of the shafts (14.1) with reference to the wire ropes
(6).

9. Magnetic-inductive device, according to claims 1
and 7, characterized by the fact that the holes and
the slits (9.1) housing the shafts (14.1) of the rollers
(14) or the bushings (17) and the holes (9.2) or the
slits for inserting handles or instruments to block the
device are made of stirrups fixed to the lateral plates
(9).

10. Magnetic-inductive device, according to claims 1, 7
and 9, characterized by the fact that the holes and
the slits (9.1) housing the shafts (14.1) of the rollers
(14) or the bushings (17) and the holes (9.2) or the
slits for inserting handles or instruments to block the
device are made of stirrups fixed to the plates (10,
11) constituting the pole pieces.

11. Magnetic-inductive device, according to claim 1,
characterized by the fact that the rollers (14) are
smooth and/or grooved;

12. Magnetic-inductive device, according to claims 1
and 11, characterized by the fact that the rollers
(14) are substituted by sliding blocks.
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