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(57) Abstract: The electromechanical vertical cutting shear (1) comprises an electric servomotor (4) combined with a gear reducer (5)
at least one shaft (6) bearing one or more spools (7), at least one motion transmission means (8) which is connected to a guillotine
(11), and a cutting system comprising at least a pair of knives (12). The electromechanical shear (1) comprises a pulley system (9) for
every motion transmission means (8).
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Electromechanical shears for vertical cutting

Short description

[0001] The present disclosure relates to electromechanical
shear or scissors for vertical cutting of metal sheets. This
machine has the ability to change the cutting angle and the
angle between the knives of the shear by using pulleys and
motion transmission systems.

[0002] In the past, there were vertical cutting shears in
which the energy of cutting was electrical or hydraulic energy
transformed into mechanical energy in the form of inertia of a
rotating element of significant mass. These shears were not
capable of changing the cutting angle, which limited their
usefulness. They also required the management and processing
of very large masses, which made production difficult. Such a
machine is described in CN201098912Y.

[0003] Also to date, the vertical cutting shears have been
electric or hydraulic. The electric shears are operated by a
three-phase induction motor, which operates both during
cutting and during standby time. Alternatively, said shears
have a start-stop function which results into consuming more
power during consecutive startups. Such a shear is described
in CN201618883U. Any of the two ways of functioning wastes
energy, produces a lot of noise during idle time and burdens
the environment.

[0004] In the case of hydraulic vertical cutting shears, there
are mainly two types. In the first type the hydraulic means
are used only as cutting power. In the second type the
hydraulic means are additionally used to both adjust the
cutting angle and the angle between the knives of the shears.
Such systems are described in BE902287 and US3282141A,
GB1096225, respectively. These types of shear most often exert
uncontrollable force on the cutting blades, reducing the
quality of the cut. The above systems also prevent the
independent set-up of the shearing angle and the angle between
the knives of the shear.

[0005] The present description is intended to provide a
solution to all the above limitations.

[0006] The electromechanical vertical cutting shear comprises
an electric servomotor combined with a gear reducer, at least
one shaft bearing one or more spools, at least one motion
transmission means which is connected to a gulllotine, and a
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cutting system comprising at least a pair of knives. The
electromechanical shear further comprises a pulley system
cooperating with every motion transmission means. In that way
the electromechanical shear can be set up more easily and in
less time, allowing for cutting sheets of different thickness
and material in a more efficient way. Also, the servomotor
needed to provide the required cutting power is smaller, since
the power it generates is multiplied by the multiple pulley
systems, thus saving energy.

[0007] The pulley system of the electromechanical vertical
cutting shear comprises at least 5 pulleys. In this way the
shear becomes more efficient. In addition, in case of a fail
of a part, for example of a pulley, the shear is able to
continue cutting until the one pulley is replaced.

[0008] The pulley system adjusts the angle formed between the
pair of knives. In order to succeed that, the pulley system
has additional auxiliary spools, and the change of the angle
can be done by moving asynchronously the motion transmission
means around the auxiliary spools. This allows the machine to
be used for cutting material in the form of a plate of
different thickness, saving energy and respecting the
environment since it is not necessary to handle oil waste that
would be used in a machine with a corresponding hydraulic
system. It is also a more cost-effective solution and allows
for lower maintenance of the machine while allowing the
machine operator to use his experience. In addition, since all
the moving means of the machine are intensely moving only
during the cutting operation of the material plates, the noise
produced during operation is significantly lower than that
produced by existing machines of this kind. This reduces noise
pollution indoors.

[0009] The electromechanical vertical cutting shear comprises
a guillotine retraction system, which can use compression
springs or a hydraulic or a pneumatic system for the
retraction of the guillotine to its starting position. In this
way the use of the machine is casier for the operator, who
does not have to retract the guillotine manually. Also, 1t is
safer for the operator, since it is not required for him/her
to go close to the machine during its operation.

[0010] The method of sheet material cutting using an
electromechanical vertical shear evolves according to the

following cycle:
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- The first moving phase in which the guillotine moves
between its idle position and the start of cutting,

- the cutting phase and

- the returning phase in which the guillotine returns to
its starting position.

[0011] According to this method, during the period between two
consecutive cutting cycles all parts of the electromechanical
shear remain in standby mode. This allows the moving parts of
the electromechanical shear to move when cutting and remain
still or move slowly while they are in standby mode, reducing
the wear of the moving parts of the shear, minimizing
unnecessary power consumption and significantly reducing the
noise produced.

[0012] The described electromechanical vertical cutting shear,
hereinafter referred to as "shear", comprises mechanical
moving parts or motion transmission means, such as pulleys,
straps, and chains that make it more durable, more
environmentally friendly and at a lower acquisition cost.
These elements, combined with continuous high performance and
longer life, make the shear of lower cost to the potential
users.

Brief description of the figures

(0013] The description above, as well as the following
detailed description, will be better understood if read in
conjunction with the accompanying figures. For the purposes of
illustration, specific embodiments of the present
specification are shown in the figures. However, it should be
understood that the present description is not limited to the
specific version and features shown. The accompanying figures,
which are included and form part of the description,
illustrate the implementation of the devices according to this
specification, and, together with it, serve to illustrate the
advantages and the principles in accordance with this
specification.

[0014] Figure 1 shows a perspective view of the
electromechanical shear.

[0015] Figure 2 shows an example of the front view of the
electromechanical shear.

[0016] Figure 3A shows a perspective view of the shear’s
mechanism.

(0017] Fig. 3B shows another example of a perspective view of
the shear’s mechanism with a different retraction system.
[0018] Figure 4 shows the shaft and the bearing spools.

PCT/GR2019/000069
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[0019] Figure 5 is an inner view of the electromechanical
shear and shows the attachment of the guillotine to the
carrier.

[0020] Figure 6A shows in detail the pulley system for
adjusting the angle between the knives where the motion
transmission means is mounted on the last stationary pulley.
[0021] Fig. 6B shows in detail the pulley system for adjusting
the angle between the knives where the motion transmission
means is mounted on the auxiliary spool.

Detailed description

[0022] The phraseology and terminology used herein are for the
purpose of the description and should not be considered
limiting. For example, the use of the singular degree as "one
does not intend to determine the number of things. Also, the
use of local pronouns such as 'up', 'down', 'left’', 'right',
'side' etc. are used in the description for the sake of
clarity of certain elements of the figures and are not
intended to limit the scope of this description or of the
accompanying claims. In addition, it should be understocd that
any of the features of the present specification may be used
independently or in combination with other features. Other
functicnal equivalent systems, methods, features, uses, and
advantages of the present specification will be apparent to
one skilled in the art through examination of the drawings and
the description. All additional systems, methods, features,
uses, and advantages are intended to be within the scope of
this specification and to be protected from the range of
accompanying claims.

[0023] The shear or scissors (1) of the present description,
as shown in Figure 1, comprises a table (2}, which serves to
support and hold, the sheet of material to be cut. The shear
is preferably designed to cut a sheet of almost any material,
of thickness between 0.1 mm and 50 mm. The sheet can be held
in place in a variety of mechanical, magnetic or
electromagnetic ways, such as by clamping or magnet mounting.
The way the sheet is held in a stable position is not part of
the present application.

[0024] Figures 1 and 2 show the retention points (21) of the
sheet to be cut. The shear further comprises a housing (3).

[0025] Figures 3A and 3B show additional details of the
cutting shear. An electric servomotor (4) is suitable for
producing the cutting force. The servomotor (4) is coupled to
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a gear reducer (5). A person skilled in the art may understand
that the selection and size of the servomotor (4) and gear
reducer (5) may depend on the thickness and the material of
the sheet to be cut. For this reason, a higher power
servomotor (4) and a corresponding gear reducer (5) should be
selected for cutting thicker sheets and of tougher material.

[0026] At the output of the gear reducer (5) is attached a
metal shaft (6). The metal shaft (6) is capable of carrying
all the torsional load necessary for cutting with very small
distortions. Although the gear reducer (5) may be connected to
the shaft (6) at any point along the shaft (6), the connection
near the middle of the shaft (6), as shown in Fig. 3A, 1is
preferable, as it assists in achieving an even distribution of
torsional loads and the elongation of the shaft’s (6) life,
The choice of the diameter and the material of the shaft (6)
is depended on the torsional load that it will carry. Usually
the shaft (6) is made of steel of 37 - 52 dN / mm2, and its
diameter can range between 40mm and 250mm. In any case, the
person skilled in the art can select the shaft (6) of the most
suitable properties.

[0027] At least two winding spools (7) are mounted on each end
of the shaft (6), hereinafter referred to as spools. The
spools (7) may be placed in any position on the shaft (6), but
for a more even distribution of the load on the shaft (6) it
is preferable that the two spools (7) are symmetrical about
the joining point of the gear reducer (5) with the shaft (6).
The diameter of each spool depends on the torsional load that
the spocl will have to convert to displacement and usually it
varies between 100mm and 400mm.

[0028] Each of the spools (7) bears wrapped around it one or
more motion transmission means (8). The purpose of the motion
transmission means (8) is to transfer and convert the rotating
force - torque from the shaft (6) to a displacement of the
sheet cutting means, or guillotine (numbered (11) in Figure
5). Each spocl (7) is configured to work with the
corresponding motion transmission means (8).

[0029] As shown in Figure 4, the motion transmission means (8)
is a belt or a elastic ribbon, so that the spool (7) can be in
the form of a pulley. In another example each spool (7) is in
the form of a pulley and cooperates with two motion
transmission means (8) being in the form of a flat belt. In
yet another example, not shown in the figures, the motion
transmission means (8) has the form of a chain and the spool
(8) has the form of a gear. It is not necessary that all
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spools (7) have the same configuration and that all motion
transmission means (8) are the same, but a person skilled in
the art may understand that uniformity leads to a smoother
operation of the shear (1) and prolonging its life. The motion
transmission means (8) are of adequate tensile strength and
the spools (7) are capable of accepting all the required
length of the motion transmission means (8) that should be
wrapped around the spools (7) in order to achieve cutting.

[0030] As shown in Figure 5, each motion transmission means

(8) will then pass through two pulley systems (9, 9’). These
pulley systems (9) may comprise from 3 to 19 pulleys each,
each may preferably comprise more than 5 pulleys. The system
of pulleys is known by Archimedes for the propagation of force
and is referred to in modern literature as a “pulley tackle”.
The pulley system of the present invention comprises
stationary pulleys (91) and moving pulleys (92), shown both in
figures 3A and 5.

[0031] The stationary pulleys (91) are fastened to the housing
(3). The moving pulleys (92) are connected to a carrier (10)
which can move vertically. Attached on the carrier (10) is the
guilletine (11) of the shear (1).

[0032] In one embodiment of the present invention, one end of
the motion transmission means (8) is mounted on the spool (7),
passes through the pulley system (9), and its other end is
mounted, at the end of the way, in one of the pulleys (91) or
(92) as shown in Figure 6A. Alternatively, as shown in Figure
6B, it may be mounted on an auxiliary spool (13) which belongs
to the pulley system (9). The purpose of the auxiliary spool
(13) is to adjust the cutting angle, which is the angle
between the knives (121, 122) and the sheet to be cut.

[0033] In the preferred embodiment of the present invention
the shear (1) comprises a cutting system consisting of one
pair of knives. As shown in Figure 5, one knife (121) of the
pair is attached to the guillotine (11) and follows its
movement. In another example of realisation, not shown
herein,, one knife (121) may be mounted in notches on the
housing (3) sc that it can move and be retracted by the
gulllotine (11).

[0034] The second knife (122) of the pair is fixed onto the
housing (3) and is stationary. Alternatively, it is able to
move in order to approach the first knife (121) of the pair.
In Figure 5 is shown the position of the second knife (122),
but the housing (numbered (3) in figure 1) is omitted. The
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distance between the two knives has its minimum at one of the
two ends of the shears (denoted as (BE) in Figure 5). This
minimum distance determines also the maximum thickness of the
sheet that the shears can cut. The point where the two knives
(121, 122) are met is the initial point of cutting (125).

[0035] The user may wish to move the initial point of cutting
(125) to a different point. The aim is to bring closer the
knives for decreasing the cutting distance D (Figure 5)and
save time. An additional reason for changing the initial point
of cutting (125) is the reduction of the knife wear, so the
knives have a longer life. If the cutting distance D is
reduced, the length of each knife (121, 122) that will be used
for cutting will be reduced as well, so the knife wear will be
limited to the used length of the knives (121, 122). The
change of the cutting origin (125) can be done simply by
wrapping equal lengths of the motion transmission means (8)
around the auxiliary spools (13). The auxiliary spools (13)
can be rotated by an electric motor and a gear reducer, or
they can be manually operated.

[0036] The cutting is done by the first knife (121) which is
attached on the guillotine (1l1) and the second knife (122) of
the shear. The pulley systems (9) may exert force only in one
direction, and in this case, towards the cutting origin. The
guillotine (1l1) retraction to its starting position may be
done by a guillotine retraction system (l14), for example by a
mechanical system using compression springs (141), as shown in
Figure 3A, by a hydraulic system (142) shown in Figure 3B, or
by another similar mechanism, for example by nitrogen springs.
However, the mechanical way for ascending the guillotine (11)
may provide an increased safety to the user. In any failure,
the guillotine will move upwards, driven by the force of the
springs.

[0037] The ratchet mechanism (15) shown in Figure 5, serves to
withstand the large forces which are developed during the
cutting. It would be expensive to use a bigger gear to drive
the auxiliary spool (13). Instead of the ratchet mechanism
(15), another similar mechanism may perform the same task.

[0038] The operation method of the shear (1) disclosed herein
is described below.

[0039] The shear (1) uses at least one servomotor (4), a gear
reducer (5), a shaft (6), spools (7), motion transmission
means (8), pulley systems (9), a carrier (10), a guillotine
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(11), a guillotine retraction system (14) and a pair of knives
(12) for cutting sheets.

[0040] The sheet to be cut is fixed on the table (2). The
servomotor {4) is started, and, through the gear reducer (5),
the shaft (6) begins to rotate.

[0041] When the shaft (6) is turned in the direction (M) as
shown in Fig. 5, the spools (7) coil each motion transmission
means (8), so that the moving pulleys (92) move towards the
stationary pulleys (91) while dragging the carrier (10) and
driving the guillotine (11) to the final cutting position with
the necessary cutting force. In this position, the knife (121)
which is connected to the guillotine (11) approaches
forcefully the other knife (122) of the pair, and the sheet is
cut.

[0042] In order for the guillotine (11) to achieve a speed of
between 30 and 200 mm / sec, which is sufficient for cutting,
the rotation speed of the shaft does not need to exceed 600
rpm, or even 500 rpm. This results in significantly reduced
noise levels. Indicatively, in a modern hydraulic shear, the
noise produced during cutting was measured at between 70 dB
and 80 dB, while the noise produced during cutting with an
electromechanical shear performed according to the present
disclosure was between 50 dB and- 60 dB. The servomotor (4)
rotates counterclockwise in order to lcoosen the tensile force
exerted on the motion transmission means (8). The guillotine
retraction system (14) exerts a force on the carrier (10), on
which the guillotine (11) is attached at the mounting point
(111) . This force is greater than the force exerted on the
carrier (10) by the motion transmission means (8), so the
carrier (10) moves, driving the guillotine (11) to its
starting position. In this process the shaft (6) receives the
cutting force from its point of production and distributes it
mechanically at the pulley systems (9), while maintaining the
individual percentages required each time frame for the
cutting. This means that all of the initially generated force
can be transferred entirely to the one or to the opposite end
point of the guillotine (11) when required by the cutting.
Therefore, the utilization of the power of the servomotor (4)
is at 100%, which results in significant energy savings and an
increase of the cutting speed.

[0043] While the cut sheet is removed and a new sheet to be
cut may be fixed in place, the shear (1) are in a standby
mode. In this mode the movable parts of the shear (1) and the
servomotor (4) remain idle, or move slowly due to their
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inertia. Consequently, the shear (1) remain silent, or almost
silent, while saving energy as well. On the contrary, a
hydraulic shear produces noise due to the rotation of the
motor and the pump fitted to its shaft, even when it is idle.

[0044] Another advantage of the present invention is that
through the ability to change the cutting angle, we extend the
shear’s functionality, we extend the useful life of the knives
and improve the quality of cutting. The cutting angle may be
changed by wrapping, or unwrapping, asynchronously the motion
transmission means (8) around the auxiliary spools (13),
thereby changing the angle of the guillotine (11), and the
position of the first knife (121) connected therewith, in
relation to the fixed knife (122).

Preferably, the cutting angle is changed when the shear (1) is
in a standby mode.

PCT/GR2019/000069
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10

Claims

1. An electromechanical shear (1) for vertical cutting
comprising

- an electric servomotor (4) combined with a gear reducer (5),
- at least one shaft (6) bearing one or more spools (7),

- at least one motion transmission means (8) which is
connected to a guillotine (11), and

- a cutting means comprising at least a pair of knives (12),
characterized in that it further comprises a pulley system (9)
cooperating with each motion transmission means (8).

2. An electromechanical shear (1) cutting according to claim
1, characterized in that each pulley system (9) comprises at
least 5 pulleys (91, 92).

3. An electromechanical shear (1) according to any of the
preceding claims, characterized in that each pulley system (9)
comprises at least one stationary pulleys (91) and at least
one moving pulleys (92).

4. An electromechanical shear (1) according to claim 2,
characterized in that the pulley system (9) comprises at least
two auxiliary spools (13).

9. An electromechanical shear (1) according to claim 4,
characterized in that the angle (A) formed between the knives
(12) changes by moving asynchronously the motion transmission
means (8) around the auxiliary spools (13).

6. An electromechanical shear (1) for vertical cutting
according to claim 1, characterized in that the motion
transmission means (8) is a belt.

7. Electromechanical shear (1) for vertical cutting according
to claim 1, characterized in that it further comprises a
guillotine retraction system (14) for retracting the
guillotine (11) from a cutting position.

8. Electromechanical shear (1) for vertical cutting according
to c¢laim 7, characterized in that the guillotine retraction
system (14) comprises compression springs (141).

9. Electromechanical shear (1) for vertical cutting according
to claim 7, characterized in that the guillotine retraction
system (1l4) comprises a pneumatic or hydraulic system (142).
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10, A method of cutting a sheet with an electromechanical
shear (1) for vertical cutting comprising cycles, each cycle
comprising the steps of;
= moving the guillotine (11) between its idle position and the
start of cutting,
- cutting the sheet and

returning the guillotine to its starting position
characterized in that in the time between two consecutive
cutting cycles all the parts of the electromechanical shear
(1) remain idle,

11, A method of cutting a sheet with an electromechanical
shear (1) for vertical cutting according to Claim 10,
characterized in that a first motion transmission means (8) is
wrapped around a first auxiliary spool (13), & second
transmission means (8) is wrapped around a second auxiliary
spool (13) and the two motion transmission means (8) are
wrapped or unwrapped asynchronously around the two auxiliary
spools (13) in order to adjust the angle (A) formed by the
knives (12).
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