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Abstract: Belt conveyors are commonly employed in manufacturing and excavation processes. One of the basic components of such equipment
are flat transport belts which can be monolithic or composite. In both cases, the belts are most often made of plastic materials. The manufacturing
process of flat transport belts usually involves two stages. During the first stage, belts of very high length of up to several hundred meters are
manufactured with use of the correct technology for a given belt type. In order to be usable in the finished conveyor system, correct length of such
belts is to be achieved. Considering the above, the subsequent stage of manufacturing requires cutting the belts down to the appropriate length and
very often joining the ends to form a closed loop with specific circumference. In an attempt to answer the demand of the manufacturing industry, the
authors took up design works on an automated device for crosswise cutting of monolithic and composite belts. This article presents three construc-
tion concepts of the authors’ own design together with an analysis of construction and operating factors which affect their usability. The presented
discussion leads to selecting one of the solutions for which a drive system concept designed by the authors is proposed. Additionally, an analysis of
the influence of the cutting knife geometry on cutting force is provided.
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1. INTRODUCTION

Belt conveyors are widely employed in the processing and ex-
cavation industries. They are commonly used in food processing
plants as well as for transporting food and plants (Soares et al.,
2014). They are also used for internal transportation of compo-
nents on production lines, e.g.: packaging, glass, paper (BASF,
2010; Breco, 2011). Conveyors with perforated transport belts
may also be used for vacuum conveying of low density materials
(Wojtkowiak et al., 2017). The use of belt conveyors in many
industry branches and under different operating conditions neces-
sitates that belts made of different materials are used, usually
polymer as well as with different geometric parameters (Domek
and Dudziak, 2011). Industrial manufacturing typically uses flat
belts with thickness much lower than their width and length. These
components are characterized by relatively high flexibility when
untensioned, which is the key factor to account for when design-
ing equipment for their processing (Berdychowski et al., 2020).

The manufacturing process of drive belts usually involves pro-
ducing belts of very high length and winding them on reels. In the
next stage of manufacturing, it is cut down to the required size.
After this operation is carried out, the belt can be used in a device.
In numerous cases it is required to use belts forming a closed loop
which calls for another process to form a permanent connection of
the belt ends.

Manufacturing a complete transport belt, apart from cutting it
to size and connecting ends, if required, frequently involves many
additional operations such as: perforation, surface activation and
coating as well as mounting additional components to improve
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transport efficiency, which may involve making hot welded or
adhesive connections (Behabelt, 2015; Fierek et al., 2020; Sikora,
1993).

Considering the wide scope of application of transport belts,
which results in a variety of requirements that are set for these
components, one needs to ensure that the crosswise cutting
operation produces a product of high quality. This requirement
involves primarily the quality of edge after cutting as well as shape
and dimensioning accuracy of the entire belt. In addition, the
broad range of possible additional processing means that the
requirements to maintain the correct edge dimensioning are also
critical. Furthermore, surface quality after the cut is performed has
a material effect on the possible future processing of the belt.
Uneven, frayed cut may necessitate further processing operations
before the subsequent stages of manufacturing, which causes
loss of material, increases manufacturing time and additional
expenses.

The process of cutting flexible materials may present numer-
ous challenges. The disadvantageous factors include the relative-
ly low thickness of the processed products which results in its high
flexibility (Broniewicz et al., 1970; Watesa et al., 2019).

In order to meet the industry demand regarding the crosswise
cut of the belt to achieve the desired length, works were taken up
to design a device for guillotine cutting of composite belts made of
different polymers as well as monolithic belts made of thermo-
plastic polyurethane.

The aim of this work is to discuss the conceptual designs de-
veloped for the construction of the device for cutting flat transport
belts and to select the most suitable solution based on analyzing
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the factors related to construction and operation for each pro-
posed solution. The selected concept will be supplemented with
a control system design together with preliminary considerations
for selecting the optimal knife geometry. In particular, the latter
consideration is of significant importance as identifying the effec-
tive values of process forces is the baseline approach in con-
scious design of machines and technological devices (Gérecki et
al., 2016, 2020a and 2020b; Gorecki, 2020; Klimpel, 2000;
Wojtkowiak and Talaska, 2019).

2. DESIGN ASSUMPTIONS

The design of every mechatronic device requires to formulate
certain design assumptions (Osinski, 2007). Typically, they follow
the requirements specified by the intended user for the prepared
design as well as any limitations imposed by the current state of
technology, or any conditions which stem from the available man-
ufacturing technology.

Flat transport belts which are to be cut are characterized by
the following geometric parameters, as per the user’s specifica-
tion:

— maximum width s = 500 mm,
— maximum thickness g = 10 mm,
— flat profile or toothed on one side.

Polyester fabric member type
a) Py Special NER Coating

Elastic type
TPU TPU Knit

PES Fabric (tension member)
|_TPU (Thermoplastic Polyurethance)

Conductive TPU
Top surface resin
(Polyurethane. PYC, etc.)
// Inner resin layer
t Y (Polyurethane. PYC. etc.)

PES fabric (tension member)

NBR
b)
Polyamide film
Polyamide fabric

NBR

CONTI® SYNCHROCHAIN CARBON
CONTP® SYNCHROCHAIN

. Polyurethane beit backing

Fig. 1. Example composite belt structures (Continental, 2020; Wilhelm
Herm. Miiller, 2020; Wojtkowiak et al., 2018a and 2018b)

The cut belts may be made of two types of materials:
— monolithic thermoplastic elastomer based on polyurethane,
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non-foamed and non-reinforced (Puszka, 2006; Zuchowska,

2000). The material is typically manufactured in form of a flat

tape, cast or extruded (Krawiec and Domek, 2019),

— composite structure comprising several layers of different
polymer materials (Fig. 1).

In the case of composite belts, the most commonly employed
plastic materials used as the constituents of the composite are:
polyethylene, polyester fabrics, polyvinyl chloride, rubber, polyam-
ide and aramid fiber (Madej and Ozimina, 2010). Depending on
the specific belt, some of these materials can be used in the belt
body and others as reinforcement, e.g. in form of fabric, foil or
loosely placed fibers (Ciszewski and Radomski, 1989). The diver-
sity of constituent materials means that the required force can
change in the course of the separation process. Based on the
data provided in literature, the cutting force, depending on the
method employed, is between 30 and 7000 [N]. The force value
depends on belt thickness, the type of material as well as the
method of performing the cut. As evidenced in the body of re-
search, the force values are greater when perforating or cutting
reinforced belts with thickness up to 6 mm, and lower when cut-
ting flat belts with thickness up to 1 mm (Wojtkowiak et al., 2018a
and 2018b; Wilczynski et al., 2019).

The information regarding the type of material to be cut is par-
ticularly important. What follows from numerous research, the
necessary force to cut different belts will vary in a great range,
similarly to the character of cutting force variance being different
for different belts (Groover, 2015), e.g.:

— for belts made of thermoplastic polyurethane, the force neces-
sary for the technical performance of cutting the flat belt exhib-
its a strong non-linear dependence on e.g. cutting speed
(Watesa et al., 2020b; Wangqing et al., 2017),

— for some types of composite belts (Fig. 1), the force necessary
to perform the cut is varied, multi-linear, with the graph line
depending on the number and thickness of the individual lay-
ers of the composite, whereas the coefficient of inclination for
individual parts of the characteristic depends on the specific
type of material (Talaska and Wojtkowiak, 2018).

The variety of cut belts necessitates the development of
a construction solution for the cutting device which enables to
efficiently perform the operation regardless of the processed
material.

The subsequent stages of the manufacturing process, includ-
ing connecting the belt ends to form a closed loop or surface
coating, require maintaining the highest possible precision of the
cut, typically referred to as: maximum belt edge non-linear error
after cutting, as well as allowable deviation from perpendicularity
relative to side surface. Moreover, the belt ends at the point of cut
should be smooth without need for further processing. This re-
quirement is particularly important in the case of composite belts
with fabric reinforcement. In this case, for all the punching and
cutting operations, it is necessary to exactly sever the reinforce-
ment fibers so that they are not drawn out from the belt structure
(Wojtkowiak et al., 2018a and 2018b). For monolithic belts, partic-
ularly when cutting belts of higher thickness, an edge chamfering
effect is observed resulting from a complex state of stress in the
cut area (Watesa et al., 2019, 2020a and 2020b).

One of the conditions for seeking the optimal construction so-
lution for the belt cutting device is the requirement to maintain
compatibility of the device with other machines employed in the
flat transport belt manufacturing process. The designed device
must not apply any force on the belt which might cause its dis-
placement as it is manufactured on an automated production line
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involving other equipment, e.g. for lengthwise cutting and perfora-
tion. The designed solution must perform its intended function
without affecting the other processes. It is required that the belt
introduced to the device operating area does not change its longi-
tudinal and lateral position. Moreover, carrying out the cut must
not cause any deformation of the belt.

The above observations together with the experience involv-
ing the designed equipment for cutting and perforating composite
belts allow to formulate the following design specification:

— the machine must ensure the cutting operation maintains the
required geometric accuracy, with maximum perpendicular
deviation from the side edge being 1 mm and maximum recti-
linear error of the belt edge being 0.5 mm,

— after the cutting operation is performed, the resulting edge
must be smooth without fraying of the reinforcement fibers of
composite belts an without chamfering of edges of monolithic
belts,

— the device must not apply any external force to the belt to
cause it to move,

— the working motion should separate the belt in one pass to
maintain a uniform cutting line. This approach is necessary,
considering the flexibility of the worked material.

With view of the specifications provided above, a preliminary
analysis was carried out for 3 different methods of delivery of the
belt cutting process:

— milling with shank cutter,

— guillotine cutting using two cutting edges to ensure the pro-
cess is similar to a pure shear,

— guillotine cutting using one cutting edge with the working knife
being pressed into the belt with specified force. In this variant,
the working knife is supported by a rigid body with a recess for
the blade allowing for collision-free passing through the mate-
rial.

The above concepts of implementation of the crosswise cut
operation were subject to an analysis which allows to formulate
the following conclusions:

— the milling variant was discarded because this method re-
quires several passes to separate the material along its entire
length. Furthermore, it may cause reinforcement fibers to get
drawn outside the composite belt together with a significant
loss of material,

— the variant to employ guillotine cutting using two knife edges
was discarded because such system requires highly precise
instrumentation, with clearance adjustment between the main
blade and counterblade. Furthermore, this approach causes
the belt to move upwards, which may cause a displacement in
the system.

The variant to be used in the implementation shall employ
guillotine cutting using a single cutting edge. This concept was
considered to be the most appropriate due to the lower complexity
of construction (single knife moving vertically) as well as the ex-
pected best cutting result.

The concept of guillotine cutting employing a single knife with
supporting material is furthermore the easiest to implement on an
existing belt manufacturing line. Such a solution can easily be
framed within a gated structure. This way the belt will be posi-
tioned on the table contained inside the frame to facilitate accu-
rate positioning to perform the cut. At the same time, the cut belt
can be passed to the subsequent workstation of the manufactur-
ing line.
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3. DEVICE CONSTRUCTION CONCEPTS

Based on: the listed requirements regarding the operation of
the guillotine mechanism as well as the resulting assumptions
regarding device construction, three conceptual designs were
developed to facilitate crosswise cutting of flat transport belts. For
each proposed solution, the same profiled table with grips to
immobilize the belt were envisioned to ensure correct tensioning
of the belt and preventing its further motion. This facilitates the
correct performance of the cutting operation and maintaining the
required dimensioning accuracy. Furthermore, this is beneficial for
obtaining the required surface quality of the belt after the cut,
which is one of the requirements related to the end result of the
carried out operation. Finally, the tabletop will feature a recess
allowing the blade to move safely after cutting the material.

In each of the proposed design concepts, the cutting force is
generated by use of pneumatic actuators. This choice is dictated
by operational factors as compressed air used in the drive system
is typically readily available on the premises of the manufacturing
facility.

When formulating the construction concept of the entire de-
vice, the final geometry of the knife was not considered. The
solutions presented further mostly differ with respect to: the num-
ber of employed pneumatic actuators, the shape of the worktable
on which the cutting process is to be carried out, the size of the
frame, employed instrumentation and the method of transmitting
the force from the actuator to the knife.

According to the first concept (Fig. 2), the blade (5), attached
to a guide beam (3), lead on linear guides (4) is put to motion via
two bi-directional pneumatic actuators (2). This way the blade is
pressed into the flat transport belt (6) placed on the supporting
table (7), causing the belt to become cut. The total displacement
of the knife (5) is equal to the piston stroke length of the pneumat-
ic actuator (2).

The proposed device utilizes 2 pneumatic actuators (2) in-
stalled vertically at the upper beam of the device frame (1). The
guide beam (3) is fastened by joints to the piston rods of the
actuators (2), a small distance away from its ends. The guide
beam (3) with attached simple knife (5) is connected with two
guides (4) placed on both sides. The guides are to ensure correct
travel of the knife. The belt (6) to be cut is placed on the table (7)
under the knife (5) and secured with grips (8).

During device operation, the extension of the actuator piston
rod causes a downward movement of the guide beam with the
knife. This exerts pressure on the belt resulting in cutting force
with value dependent on the surface area of actuator pistons and
their supply pressure.

The advantages of this solution include:

— simple construction facilitating easy integration with existing
manufacturing line and problem-free operation,

— achieving uniform distribution of force on the cutting edge,

— possibility of easy modification.

The disadvantages of the presented solution include:

— no possibility to adjust the stroke of the blade which limits the
possibility to adjust the device for cutting belts of different
thickness or other materials used in the belt manufacturing in-
dustry, e.g. foams,

— the system with two actuators acting as a joint drive for the
fastened beam with knife is susceptible to the slanting of the
beam and consequently of the knife. Synchronous operation
of pneumatic actuators is typically very challenging to achieve,
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this may lead to uneven extension and slanting of the beam (Osinski, 2007),
causing jamming on vertical guides. In extreme cases, it is — the required length of the blade for cutting belts with assumed
possible for one edge of the blade to hit the belt and damage width necessitates large dimensions of the machine and high
another component. Therefore, the pneumatic control system spacing between the actuators.
necessary for the device with such construction requires to The second solution also entails employing a set of two verti-
use the relatively expensive synchronizing valves, cal pneumatic actuators (2), attached to the upper beam of the
— the actuators effect the cutting force dynamically during the frame (1), however, in this variant the guide beam (3) with at-
extension of the piston rod, which increases the probability of tached knife (5) is longer, therefore the knife is placed on an arm
damaging them as a result of piston rod buckling outside the frame (Fig. 3).
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Fig. 2. Device for crosswise cutting of transport belts according to the first proposed concept: 1 — frame 2 — pneumatic actuator,
3 — guide beam, 4 - linear guide, 5 - knife, 6 — belt, 7 — table, 8 — holding grips
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Fig. 3. Device for crosswise cutting of transport belts according to the second proposed concept: 1 — frame 2 —pneumatic actuator, 3 — guide beam,
4 - linear guide, 5 - knife, 6 — belt, 7 — table, 8 — belt grips

Employing a lever-like system alters the distribution of forces displacement and piston displacement is the same as in the first
applied to the knife, whereas the dependency between knife design concept.
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An advantage of the second design concept is the possibility
to adapt the device to cutting belts that are wider than provided in
initial assumptions. It is possible because in this solution the
actuator spacing does not depend on the width of the belt (6) and
the knife (5), whereas the table supporting the belt is placed out-
side the frame. This allows to reduce the width of the frame (1).
However, one needs to consider that too low width of this compo-
nent in such arrangement can negatively affect device stability
and rigidity of the beam guiding (3). Additionally, the beam (3)
component has significant length which means its rigidity be-
comes a critical characteristic. In the presented system, the force
load on the guide beam is located outside the area between its
supports, additionally, the dual pneumatic actuator drive solution
without synchronization can cause slanting and jamming in the
guides. Therefore, similarly to the first design concept, synchroni-
zation of actuators will be required.

The third design concept (Fig. 4) involves a single pneumatic
actuator (2) driving a cam (9) which revolves on a bearing in a grip
(10) presses on the beam guiding the knife (3). The presented
solution is characterized by the fact that the displacement of the
knife is not dependent exclusively on the extension of the actuator
since it is possible to use a cam with movable fastening point for
the actuator piston rod joint.

In this solution, the pneumatic actuator (2) is installed horizon-
tally and the piston rod is connected to the cam (9) by a pin
placed in the oval shaped hole in the cam. Additionally, the cam is
installed in the fixture (10) which allows free rotation. In this ar-
rangement, extension of the actuator causes rotational movement

DOI 10.2478/ama-2020-0021

of the cam which due to eccentricity can affect the guide beam (3)
by pushing it downwards. This motion causes displacement of the
knife to cut the belt. The proposed concept also includes return
springs (11) which cause the guide beam with the knife to move
upwards after the pneumatic actuator piston retracts (2). In con-
trast to previously described solutions, the return springs are
necessary for correct device operation.

The use of such springs, apart from facilitating the return mo-
tion to the base position of the knife also provides shock absorp-
tion for the guide beam - knife system, allowing to carry out the
cutting operation much more fluidly. Consequently, a significant
improvement of the cut edge quality may be achieved. Moreover,
the springs prevent sudden impact of the knife on the belt. An
appropriate selection of cam geometry allows to shorten the
stroke of the piston in comparison to previously discussed con-
cepts. The use of cam further serves to prevent excessive down-
ward displacement of the blade as after passing the extreme
displacement of the cam, the system does not move downwards
regardless of the piston extension, instead it retracts upwards.
Finally, the use of one actuator simplifies the pneumatic and
control systems which are to be employed.

Among the disadvantages of this design concept, similarly to
the first discussed concept, is that the width of the workstation is
determined by the width of the table and the cut belt, which cannot
be easily adapted to cut belts with higher width than initially as-
sumed. Additionally, the cutting force will not be equal to the force
effected by the piston. This additionally entails optimizing the cam
geometry for this purpose.
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Fig. 4. Device for crosswise cutting of transport belts according to the third proposed concept: 1 — frame 2 — pneumatic actuator, 3 — guide beam,
4 — linear guide, 5 — knife, 6 — belt, 7 — table, 8 — belt grips, 9 — cam, 10 — cam fixture, 11 — spring

Analyzing the features of the presented design concepts of
the transport belt cutting device, only the third variant meets all
the initial assumptions. This construction of this variant is relative-
ly simple, while similar to the first concept; however, the use of
one actuator allows to simplify the pneumatic and control systems.
The system concept in the third variant is further characterized by
improved stability in comparison to the second variant, where
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dimensional requirements are difficult to specify without in-depth
analysis due to the required system rigidity.

An advantage of using the cam mechanism is the additional
mechanical protection of the system, preventing excessive down-
ward motion of the knife. Such protection would be achievable in
the other concept variants exclusively by selecting the exact value
for the piston stroke with no margin, or by using additional sen-
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sors. The return spring system limits the dynamics of the down-
ward motion of the knife which may have a positive effect on
component wear by reducing vibration and impacts, which will
further affect cutting accuracy and surface quality of the cut edge.
In comparison to the other variants, the above mentioned features
of the third concept indicate that this is the best implementation for
the given application.

4. CONTROL SYSTEM DESIGN

The concept selected in the previous stage is to facilitate the
cutting of belts with initially assumed parameters. To this end, the
device will carry out actions in a sequence as provided by the
working algorithm on Fig. 5.

| Start the machine ‘

T

h
Provide length of belt to cut

v
Measure belt length

¥

Place and secure the belt in required
position under the knife

¥
‘ Set the required cutting speed |

v

| Initialize cutting operation |

|

S the pressure in the syste
sufficient?

Stop the cutting operation Cut the belf {extend the
{enter emergency mode) actuator and push the
knife with the cam)

NO YES

Actuator moved to set position?

¥

Stop the actuator finish cutting operation

¥

Withdraw the knife by withdrawing the actuator

¥
Unlock the belt and collect the cut section

Is another belt saction
required to be cut?

Turn off the maching

Fig. 5. The working algorithm of the machine for cutting the belt
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8 bar
Fig. 6. Pneumatic diagram, where: Ex 10.7 and Ex 10.6 — limit switches,

Q0.1 and Q0.2 - electrovalve coils, K6 — pressure meter, PLC -
controller

Execution of the assumed algorithm requires a working sys-
tem equipped with the necessary actors and sensors. As provided
in the selected conceptual design for the belt cutter, cam motion is
forced by the operation of the pneumatic actuator. Its operation
necessitates designing a pneumatic system. Apart from control
and supply components, it includes the necessary sensors: limit
switches and system pressure sensor. The diagram is provided on
Fig. 6.

The markings used in Fig. 6 correspond to the ones used in
the software. For piston stroke control, 5-way electrovalve with 2
coils. This is to ensure the piston stays in the given position even
after the machine stops. This results from the requirement to
ensure safe operation when carrying out work with a dangerous
tool, i.e. the knife. Guards were also planned in the machine to
reduce the risk of dangerous situations occurring, e.g. unexpected
withdrawal of the blade which may occur in the case of valves with
coil and spring being used. Additionally, unexpected withdrawal or
lowering of the knife may damage the belt which should also be
avoided.

When carrying out design works it is necessary to maintain
fluidity of motion of the actuator which facilitates improved surface
quality of the cut belt. To this end, a pressure meter shall be
employed which prevents the initialization of the cutting process if
problems are detected with the pressure value in the system.

In order to engage the power supply to the pneumatic system,
a valve with manual lever and spring was envisioned, as this
system does not require frequent operation.
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5. SELECTION OF KNIFE GEOMETRY

The working system of the device calls for utilizing a cutting
component, i.e. the blade, able to cut the material with use of
a single cutting edge. The geometry thereof has material influence
on the forces present during the performance of the belt cutting
operation (Wojtkowiak and Talaska, 2019). As indicated by re-
search, the cutting speed, cutting force and dimensions of the cut
material are the most important factors in the aspect of knife wear
(Chao-Lieh Yang et al., 2009). Knife wear may significantly affect
post-cut surface quality. Together with the selection of the optimal
blade, it is necessary to use the correct method of force transmis-
sion from the actuator to the blade. Therefore, it is very important
to select its correct geometry and determine the force value to be
applied on the blade to carry out the cut with set dimensions and
made of material with specific strength.

The selected device concept for crosswise cutting of belts is
compatible with at least two types of knife blades:
straight blade edge, where the cutting action is applied simul-
taneously at the entire width of the belt (Fig. 7),
inclined blade edge, with the inclination being one sided (Fig.
8), in the course of the cutting action, the blade penetrates the
belt gradually.

The type and geometry of the knife blade has a major effect
on the value and distribution of the cutting force. Generally, the
cutting force with single blade edge can be described with the
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below formula (Marciniak, 1959):

Fr=k-l-g-Ry (1

where: k — correctional coefficient, its value is determined empiri-
cally, in includes, e.g. the dulling of the edge with the increasing
number of work cycles performed, / - cut line length, g — cut mate-
rial thickness, Rt— material shear strength.

It can be observed that the force necessary to cut such a belt
depends not only on the material type (expressed by the parame-
ter Ry), but also on the geometry of the cross-section. Total work
to be performed by the blade in the course of the cutting process
is equal to (Marciniak, 1959):
W =21-F; s, 2)
where: A — the cutting force graph fill coefficient, expressed as
a percentage value, s — cutting tool stroke. The coefficient A de-
scribes the ratio of the area below the curve describing the de-
pendency between the cutting force Fr, and the displacement of
the tool s, to the total area of the rectangle determined by the
maximum cutting force value Frmax and the tool stroke s.

Therefore, the cutting force required to separate the belt with
width m and thickness g, if the straight knife blade is employed,
shall be equal to (Fig. 7):

Flek'm'g'Rt. (3)

o,

RRRITITRS
SR

g,

Fig. 7. Cutting with straight knife blade: Fr1 — total cutting force, s — stroke of cutting tool, g — thickness of cut material, / - cut line length,

m — width of cut belt; 1 - knife, 2 — cut belt, 3 — support plate

Total work performed during the cutting operation with the
straight knife blade is equal to:

W1=/1-FT1-g=A-k-m-g2-Rt, (4)

whereas for straight knife blade, the length of the cutting line / is
equal to the width of the cut material m, and the working stroke
sis equal to its thickness g.

Please consider that the use of straight knife edge for cutting
does not generate additional transverse force which might cause
displacement of the belt in the corresponding direction.

When examining the cutting of material with an inclined blade
edge and one-sided slant, the distribution of forces is slightly
different, mostly due to the presence of transverse, resulting from
the inclination of the knife blade (Fig. 8).

The work W2 necessary to separate the belt made of the
same material with the same geometric parameters is equal to the
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work during cutting operation by the blade (Marciniak, 1959):

w, =W, ()
where W — work carried out during cutting the belt material with
straight blade (Fig .7), W2’ — work carried out during cutting the
belt material with inclined blade (Fig. 8).

Considering the total stroke of the knife blade in this variant is
equal to:

(6)

Therefore, the total work W- carried out during the cutting of the
belt with thickness g and width m by the inclined knife edge is:

S, = g+ m-tang.

Wy =21-Fpy- (g +m-tang). (7)

At the same time, the work can be expressed with the following
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formula:
W, = Wzl + quy (8)

whereas W — total work carried out during cutting of the belt
with inclined knife edge, W>’ — the work required to separate the
material, W>” — work necessary to overcome frictional resistance
of inclined knife stroke.

The important matter is that the cutting force in this variant
comprises two components: horizontal and vertical. Therefore, the
knife must be supported on the side surface with a slide or roller
guide. Consequently, the total cutting force value depends not
only on the energy required to separate the material, but also on
the resistance on the knife guide. Analyzing the distribution of
forces during cutting operation involving the blade of such geome-
try, one needs to note that the cutting force Frz2 has two compo-
nents:

SISISISIGIO)
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Fry = Fry' + Fr,”, 9)

whereas Fr2’ — active component participating in the phenomenon
of material separation, Fr.” — component resulting from knife
motion resistance on the guide. Its value can be calculated from
the following formula:

Fry" = Fpp -ty = Fpp - iy = Frp' - py - tan g, (10)

where Fn2 — normal component to the guide surface, Fp2 — hor-
izontal component resulting from the cutting process with inclined
knife edge, its value equal to force Fnz, which may also cause
transverse displacement of the belt, 1 — frictional coefficient of
the guide.

w
i
Z

S2

m=]

Fig. 8. Cutting with inclined knife edge, with a one-sided slant: Fr2 — total cutting force, Fr2"— force necessary to separate the belt, Fr2” - force necessary
to overcome the movement resistance on the guide, Fp2 — transverse force causing belt displacement, Fn2 — normal force affecting the guides,
F2 - resultant force, s2 — stroke of the cutting tool, g — thickness of the cut material, / — cut line length, m — cut belt width; 1 — knife, 2 — cut belt,

3 - support plate

Therefore, the total work during cutting of the belt with knife
edge with one-sided slope is:

WZ=/1'(FT2’+F7~2”)'(Q+m'tan(p). (11)

Considering the equal value of work to be carried out to sepa-
rate the material with straight and inclined knife blade (5) the
following condition can be calculated:

A-Frig=24-Fp' (g +m-tang), (12)
and therefore, the formula to describe the ratio of both forces:

Fro_ g
Fri  (g+mtane) (13)

Based on the above, the force necessary to separate the material
with inclined knife blade Fr’is equal to:

g
Fo) =Fp,  —2 =
T2 T1 (g+m-tan @)

k'm'g'Rt'(g+ 9

m-tan @)

(14)

Therefore, considering the dependencies arrived on
(9, 10§ 14), the total force to be applied to the guillotine knife is:

-k-m-g-R, —9 .
FTZ =k-m 9 Rt (g+m-tan ¢)

(1+ p, - tang). (15)

To summarize, considering the formulas (6, 7 and 15), the to-
tal work performed in the course of cutting the belt with inclined
knife blade is:

W,=A-k-m-g* R, (1+pu,-tang). (16)

One needs to consider that total work carried out to separate
the belt with knife blade with one sided slope (16) is slightly higher
than the work carried out when straight blade (4) is utilized. This
results from the additional transverse force which is to be coun-
teracted on the blade guide. Consequently, an additional friction
resistance as the stroke of the working mechanism is performed.
However, considering that, in particular in the case of roller bear-
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ings, the frictional coefficient values are relatively low (between
0,001 and 0,01), the contribution of this component is negligibly
small (Hiwin, 2012).

As observed, this method of cutting causes a transverse force
to be effected which causes displacement of the belt in the corre-
sponding direction. Its value is equal to:

sz=FT2"t3n<P=k'm'9'Rr'(gg.tamp (17)

+m-tan @)’

The presence of this force means that the design assumptions

for the device construction are not met, as the belt must not move

during the operation. This can be solved by adding holders to

immobilize the belt during the cutting process. The press force of
the holder should meet the following condition:

Frprtang i L i g-tan @
Fa==0 =komeg-R (g+m-tan @)-u,’ (18)

where 2 — the coefficient of friction between the belt and the

table.

What follows from the above analysis to select the optimal
knife geometry, two solutions are possible. The first variant in-
volves the use of straight knife blade which does not exert any
additional forces when separating the material to cause the dis-
placement of the belt. The second possible variant uses knife
blade with one-sided inclination which is characterized by the
following disadvantages:

— it necessitates the employment of an additional knife guide
due to the transverse forces occurring in the process of mate-
rial separation,

— transverse forces may cause the motion of the belt on the
cutting table, this necessitates using additional holding com-
ponents.

However, the blade with inclination is characterized by signifi-
cantly lower force necessary to cut the belt. Moreover, the distri-
bution of this force remains uniform throughout the stroke of the
working tool, in contrast to the straight knife.

Considering the above mentioned advantages and disad-
vantages of both solutions, it is necessary to continue conceptual
work on optimal geometry of the knife so as to arrive on a com-
promise solutions, characterized by low force value necessary to
separate the material, at the same time applying no additional
forces on the belt.

6. CONCLUSIONS

Transport belts are widely employed in the industry, and their
manufacturing process often necessitates cutting them down to
the desired length in order to prepare the final product. Market
demand influenced the authors to make an effort to design a
machine for cutting belts.

Considering the design assumptions formulated earlier based
on specifications given by the belt manufacturers and identified
based on the authors’ own experience, three concepts were de-
veloped for the construction of the machine for crosswise cutting
of transport belts. Each concept utilizes similar components to
cause the motion of the working mechanism; however, they differ
in regards to the layout of components and in the kinematics of
motion of the working mechanism of the device. The first two
variants employ a direct transmission of the stroke of the pneu-
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matic actuators onto the motion of the cutting tool, these ap-
proaches were discarded due to the limited possibility of adjust-
ment of the knife stroke. Additionally, a possibly significant chal-
lenge is identified in the possible slanting of the support beam on
which the knife is fixed. The concept involving a single pneumatic
actuator and cam to force the motion of the knife together with
guides and springs to ensure fluid motion of the knife was be-
lieved to meet the user requirements to the greatest degree.

Furthermore, a control system concept was developed for this
device, based on a programmable logic controller, connected to
the pneumatic control system components.

The presented design concept of the device construction and
control system structure shall be supplemented in the course of
the actual machine design.

Considerations made in this work regarding the determination
of forces affecting the belt during the cutting process involving the
straight and inclined knife edges constitute a starting point for
further examination to select the optimal geometry thereof. At this
stage of works, it was established that neither the straight or the
inclined blade constitute an effective solution. Therefore, further
works are consider to modify the knife geometry.
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