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This paper presents a conceptual model of a transport cover for a grain maize harvesting attachment. To

develop a model of the cover structure, a dimensional base in the form of a harvesting unit was required, to
which the designed transport cover was referred. The existing Dominoni SL 978 harvest unit was used as
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a dimensional base, and a model of the design base was created, accounting for the most important dimensions.
The conceptual model was adapted to the design base, taking into account the design assumptions, resulting in
a model of a transport cover. To mount the cover to the attachment, a dedicated hooking system has been
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1. Introduction

Agriculture and the food industry are among the funda-
mental sectors of the economy. This results in a large vol-
ume of agricultural goods, as well as work performed with
appropriate machinery and equipment [18]. Although the
equipment of farms with agricultural machinery depends on
the type of agricultural production [16], the basic self-
propelled vehicle is the combine harvester [13, 23, 30].
This is an agricultural machine used for harvesting grains
[4], such as wheat [24], corn, barley, or rice [1, 7, 8, 15].

Combine harvesters with an axial threshing and separat-
ing device, after improvements to the axial drum design, are
increasingly used for harvesting other cereals [31]. It is
characterized by specially designed components that enable
efficient and rapid harvesting [12, 26], separation of grain
from chaff [22], and transport and storage of harvested
grain. Combine harvesters are equipped with various types
of centrifuges, sieves, sifters, and other mechanisms for
precise separation of grains and removal of plant residues.
They can also be equipped with systems for cutting and
chopping straw and attachments for harvesting corn intend-
ed for grain [34]. The primary power source for combine
harvesters is combustion engines (NRMM (Non-Road Mo-
bile Machinery) engines). Among all off-road engines,
these vehicles' engines operate under specific conditions [2,
3]. Despite intensive work on the development of alterna-
tive drive systems [28, 33], combustion engines will likely
remain the main power source for self-propelled vehicles,
tractors, and agricultural machinery for many years to come
[19], including combine harvesters, also as units cooperat-
ing with generators in hybrid drive systems [20].

Due to their large dimensions and weight, combine har-
vesters may require special transport on public roads. De-
pending on the additional equipment, transporting such
a machine may require the use of additional safety devices,
such as safety guards. In this context, transporting a com-
bine harvester with a corn header requires compliance with
applicable road regulations.

Research on the safety of agricultural machinery in road
traffic is therefore crucial to protecting both road users and
agricultural machinery operators [32]. Numerous reports

and scientific studies on this topic analyze the risks posed
by the movement of agricultural machinery on roads and
propose countermeasures and recommendations to improve
safety. The results of these studies often emphasize the
need to increase passenger car drivers' awareness of the
presence of agricultural machinery on roads, improve the
visibility of agricultural machinery through the use of ap-
propriate markings, lighting, and guards, and introduce
regulations governing the safe behavior of both machinery
operators and drivers of other vehicles.

Conducting research in this area is crucial for continu-
ously improving the safety of agricultural machinery in
road traffic and for reducing accidents involving it.
Transport safety is crucial to protecting people, property,
and the environment. Therefore, implementing appropriate
mechanical engineering solutions is key to improving road
transport safety. Thanks to modern technologies and engi-
neering solutions, it is possible to provide more resilient
and safer means of transport and transport infrastructure,
including through the use of appropriate safeguards.

This article presents research focused on improving the
safety of agricultural equipment transport (corn harvester
attachments). Collaboration among engineers, manufactur-
ers, transport and forwarding operators, and regulatory
institutions led to the development of a safety guard solu-
tion that increased safety and efficiency in agricultural
transport. The article was written within the framework of
engineering and technical sciences and addresses issues
related to the design, research, production, operation, and
safety of transport means and methods, which align with
the journal's thematic scope.

Agricultural tractors, slow-moving vehicles (e.g. com-
bine harvesters) and vehicle combinations consisting of an
agricultural tractor or a slow-moving vehicle and a special
trailer (e.g. a combine harvester with a trolley attached to
the transport of a harvesting unit) are strictly subject to the
provisions of the Road Traffic Act and the Act "Technical
conditions of vehicles and the scope of their necessary
equipment”. This means that these vehicles must not be
wider than 3 meters when moving on public roads [36]. If
the vehicle or combination of vehicles exceeds 3 meters in
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width but does not exceed 3.5 meters, the driver may be
able to apply for a category I permit, which authorizes the
driver to drive on public roads as a non-standard vehicle
[37].

Therefore, the aforementioned legal regulations exclude
the vast majority of combine harvesters with a harvesting
unit from driving on public roads. The width of these com-
plexes usually exceeds 4 meters (only a few older structures
have units 2 to 3.5 meters wide) [36, 37].

The situation is slightly different for foldable harvesting
units, whose transport width does not exceed 3.5 meters.
Hence, especially for maize harvesting for silage and grain,
folded harvesting units have been developed in recent years
[5, 17].

For self-propelled forage harvesters and maize silage
harvesters, solutions exist to increase road safety; for manu-
facturers of folding harvesting units, however, it is difficult
to find transport guards that increase safety.

In the context of the above, the concept of a special
transport cover for the attachment (header) for combine
harvesters intended for harvesting grain maize was under-
taken, which is presented in this publication. A lightweight,
simple structure, ease of installation, and ease of use char-
acterize the developed solution. The designed cover meets
all the requirements of the traffic regulations for vehicle
protection systems on public roads.

2. Transport security — an overview of dedicated
solutions

2.1. Transport protection of shearing units

of self-propelled forage harvesters

Transport guards, called transport protections by some
manufacturers. are most often automatic opening and clos-
ing, and their task is to shield the outside complex shear
units, which contain sharp working elements that primarily
pose a threat to pedestrians, cyclists, and other road users
not protected by the vehicle body [5, 11, 25, 29].

Table 1 provides a brief overview of the existing protec-
tion solutions used by leading manufacturers of forage
harvesters.

To sum up, it can be said that transport guards are
standard on manufacturers' self-propelled forage harvesters
and maize silage harvesters. Technological advancement
means that the machine operator does not have to leave the
cab to fold or disassemble the cover. Manufacturers use two
solutions for connecting the cover to the machine's structure
or its harvesting unit: transport covers, which are developed
as an integral part of the device [38, 39], or structures dis-
mantled during work (harvesting plants) [40]. The ad-
vantage of the latter solution is that when working in the
field, the forage harvester is not burdened with additional
cover weight. Among the removable guards, some solutions
do not require the operator to lower the cab to the forage
harvester's working position for the time of its disassembly.

Table 1. Transport protection of the shear units of mobile forage harvesters [39-40]

Description

As part of its Claas Orbis series of headers, the company offers solutions for transport on public roads. For the
Orbis 600, 600 SD and 750 models, the manufacturer offers transport protection in the form of manually folded
elements mounted on the front and sides of the device. On the front element, there are red and white markings,
position lights and turn signals. Fabric covers with red and white markings are installed on the sides of the work-
ing unit. It takes 25 seconds to unfold the Orbis 900 without transport protection, and 30 seconds with it. The
transport protection structure consists of a central main part made of a material with red and white warning
markings and position lights, as well as two side sections with red and white warning markings. The side guards
fold in parallel with the unfolding of the working tool, then, with the help of a hydraulic system and a special
hinge, the main front curtain is folded, which rests on the intake channel during the operation of the machine
forage harvester [38].

It is a two-part device, both parts of which are positioned vertically in the transport position, significantly simpli-
fying the design of the unfolding system. In this model, the transport protection is a structure that attaches direct-
ly to the device's frame. The safety structure is equipped with a centrally positioned front support wheel, designed
to take some of the weight of the accessory. This arrangement significantly relieves the front axle of the forage
harvester. The transport protection in this solution is detached during the machine's operation [39].

It is a three-piece device available in working widths of 6 m, 7.50 m, and 9 m. However, because the working
device's design and folding into the transport position differ, it has a different structure. Krone used a two-piece
frame in the XCollect model. The side panels have additional elements that, when unfolded, overlap the header's
front. Similar to the EasyCollect or the competing Class Orbis, the Krone XCollect is equipped with a foldable,
integrated transport chassis that relieves the front axle of the forage harvester when driving on public roads [39].

Kemper shearing units with designations 345pro and 360pro are equipped with transport guards as standard,
along with position lights and turn signals. The company's flagship product for moving machines on the road is
the Komfort chassis, which can be used with Kemper harvesting units. The manufacturer has designed a separate
transport guard that remains completely detached from the shearing tool during work. The chassis is fully auto-
mated, and the light connector has been specially designed so that the operator does not have to leave the cab to
connect to the forage harvester installation [40].
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2.2. Solutions dedicated to grain maize harvesting

attachments

The grain corn harvester is a work unit attached to the
combine harvester, whose purpose is to pick corn cobs from
the plant and deliver them to the threshing and cleaning unit
for further processing (grain extraction). It has special units
that pull in the plant stem, tear off the cob, direct it to the
combine harvester's threshing system, and shred the re-
maining stem, facilitating the plant's decomposition. The
attachment (header) is built as a row device, so the number
of connected collecting units determines the number of
harvested rows of plants and, thus, the working width of the
entire attachment for harvesting maize for grain [9].

Claas implemented a dedicated solution, developing
a grain maize harvester called Rovio 4 to replace the older
Corio design. As in the previous solution, the Rovio 4 has
a transport protection (transport cover) in the form of a
front strip with red and white warning markings, position
lights and turn signals (Fig. 1).

Fig. 1. Claas Corio with transport protection fitted [38]

On the right and left side of the header there are two
tarpaulins to cover the working elements. The entire struc-
ture is dismantled by hand. For this solution, the front sepa-
ration teeth of the header must be folded into the transport
position

3. Research methodology

3.1. Aim of the study
The main objective of the work was to develop a con-
cept and design for a transport cover for a grain corn har-
vesting attachment, which will directly affect the safety of
the self-propelled machine's movement on public roads.
When starting the design work, several guidelines were
adopted. The most important of them are written below:
— the developed solution should be characterized by
a light and simple structure
— should be easy to install
— simplicity of operation is required, limiting the combine
operator's involvement to the minimum necessary.
The proposed cover must also meet the requirements of
the traffic regulations for vehicle protection systems on
public roads.

3.2. Scope of research and development work
In the work, a four-stage research procedure was used,

as illustrated in Table 2.

Table 2. Scheme of the study procedure

No. (2) Research activities — catalogue of works
71 Development of a transport security concept for a grain corn
harvesting attachment
Obtaining a dimensional base for the designed cover by
Z2 ; . " :
dimensioning the existing corn harvesting attachment
Z3 Creating a model of a dimensional base (snap-in) in CAD
Development of a model of transport security in a CAD
Z4 computer program, taking into account key elements for
designed transport cover
Analysis of parameters and selection of materials and ele-
Z5 . X
ments envisaged for the production of the cover
Development of the structural design of the transport cover
Z6 for the grain corn harvesting attachment, for the combine
harvester
77 Development of an electrical harness diagram for road
lighting mounted on cover elements
Preparation of construction documentation of a designed
Z8 transport cover for a grain corn harvesting attachment for a
combine harvester grain

3.3. Research tools and resources

Each stage of the project will be based on a correspond-
ing method. The models of the corn attachment and the
transport cover will be created using 3D modeling in the
CAD program Autodesk AutoCAD. To design the struc-
ture, perform stress analyses and create technical drawings,
the INVENTOR PROFESSIONAL software, also part of
CAD programs, was used. In addition, the DFMA (Design
for Manufacture and Assembly) method will be used in the
design of the transport cover, through the use of standard-
ized steel elements that facilitate their acquisition and thus
reduce the time required to build the structure. The analysis
of warning elements (red and white markings, lights) will
be performed using the Delphic method, a heuristic method
[6, 14].

4. Implementation of research work

4.1. Transport cover concept for grain maize harvesting

attachment — starting point

Taking into account the adopted design assumptions and
the developed review of the design of similar devices, when
developing the concept of the transport cover for the grain
corn harvesting attachment mounted to combine harvesters,
it was decided to follow the solutions of Kemper and Kro-
ne. In the analysed solutions, the covers are a separate
structure, removable during the machine's operation. Such
a solution does not require significant interference in the
structure of the harvesting unit and does not force the use of
complicated mechanisms for folding and unfolding the
cover. As a result, removing the cover for the duration of
the main machine also prevents the combine from being
burdened with additional weight during field operation.

4.2. Conceptual model of transport cover for grain corn
harvesting attachment
The conceptual model of the transport cover (Fig. 2) ac-
counts for the adopted design assumptions and the require-
ments set out in the road traffic law and the relevant act
[36].
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Fig. 2. Conceptual model of transport cover for grain corn harvesting
attachment (folded)

The design under development is intended to cover the
elements located at the front and sides of the harvesting
unit. The front part of the cover is also designed to protect
other road users from large, protruding crop dividers, which
could, for example, cause punctures to the vehicle body
during a collision. To meet the conditions for appropriate
marking of elements protruding beyond the vehicle outline,
alternating white and red stripes have been applied to the
transport cover. They are intended to warn other road users
of potential danger and the need to be extra careful. The
main task of the side panels is to cover sharp elements and
prevent unauthorized contact by outsiders. To facilitate
daily operation of the grain maize harvesting attachment,
a simple mechanism for unfolding the side panels is used
(Fig. 3). As a result, the operator can carry out checks and
maintenance on the harvesting unit without detaching the
guard.

Fig. 3. Conceptual model of transport cover for grain corn harvesting
attachment (unfolded)

The foldable structure of the harvesting unit covers the
position lights and turn signals of the combine, so it was
necessary to fix the lighting elements (lights, combination
lamp) in a visible position, in accordance with the provi-
sions of the road law, on the transport cover. It is expected
that the cover will protrude more than 1 m beyond the front
outline of the vehicle (combine), therefore, in accordance
with the provisions of the Act [36], a white light visible
from the front of the machine should be used on the front of
the guard. The developed cover provides for the use of front
combination lamps that meet this legal requirement.

4.3. Grain maize harvesting attachment model

To make models of the grain corn harvesting attachment,
a device from the Italian manufacturer Dominoni, model SL
978 [41], was used as a base for construction (Fig. 4).

Fig. 4. Model of grain corn harvester attachment (unfolded)

It is an eight-row working unit, which, when folded into
the transport position, is 3.25 m wide and weighs 3000 kg

(Fig. 5).

Fig. 5. Model of grain corn harvesting attachment (transport position)

These parameters indicate that, according to the Polish
road law, in order for a combine harvester to be able to
move with a hitched (aggregated) attachment on public
roads, it is necessary to have a permit for vehicles belong-
ing to category I.

The model of the attachment does not fully reflect the
real, complete harvesting unit. It was created as a design
basis for the transport shield, so it contains only the most
important parameters modeled: transport width, length,
height, and equipment elements that could interfere with the
shield's design. In particular, elements from selected mount-
ing locations of the supporting elements of the cover for the
attachment were modeled, for which the aforementioned
adjustments to the attachment structure will be necessary.

Dominoni manufactures harvesting units for grain har-
vesters and field forage harvesters compatible with ma-
chines from various manufacturers [41]. For this purpose, it
uses specially developed adapters (Fig. 6) so that the design
of the harvesting units remains unchanged.

Fig. 6. Adapter Model

During the design of the transport cover, the header
adapter was modified to allow the cover to be hooked to the
header at the aforementioned three attachment points. The
modifications introduced do not interfere with the main
structure of the corn harvesting attachment and do not pre-
vent or hinder the aggregation of the harvesting unit with
the combine harvester.

4.4. Transport cover model

The transport cover model for the grain corn harvester
was based on a conceptual model, matching its components
to the Dominoni harvesting unit model (Fig. 7).

COMBUSTION ENGINES, 2026;206(3)
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Fig. 7. Model of transport cover hooked on the header (unfolded position)

The width of the cover at its widest point in the
transport position is 3.46 meters, allowing it to move on
public roads with the guard installed after obtaining a cate-
gory | permit (Fig. 8).

This requirement for this model of attachment stems
from its design, with a transport width of more than 3 me-
tres. In accordance with the assumptions also contained in
the concept model description, it is envisaged that the side
guards are unfolded to the sides. This is a necessary action
to hook and detach the cover from the harvesting unit.

Fig. 8. Model of transport cover hooked on the header (transport position)

In this shield arrangement, the operator gains adequate
visibility, allowing him to drive precisely to the guard to
attach it. If the side guards are folded and the harvesting
unit is folded into the transport position, the operator will
not have adequate visibility to drive up to the cover precise-
ly. An additional benefit resulting from such a well-
developed design and the rules for its use is the possibility
of servicing the corn harvesting attachment (e.g., lubrica-
tion, checking the technical condition of components) with-
out the need to detach the cover.

During transport, the side panels are secured to the main
frame of the cover with fasteners, preventing them from
moving freely.

Subsequently, a dedicated cover mounting system with
three connection points was designed, necessitating a slight
modification to the header adapter (Fig. 9).

Fig. 9. Adapter model — modified version

The main weight of the cover will rest on the centrally
located hook-shaped hook. The lower attachment points of
the cover mainly serve a protective and stabilizing function.
They have been routed to avoid collisions with the working
elements of the harvesting unit, such as the shredder knives.
After unfastening it, the cover will be detached by lowering
the harvesting unit to the ground and driving the combine
backwards.

Fig. 10. Top transport cover mount

The modifications to the adapter do not affect the main
structure of the harvesting unit. Figure 10 shows that the
top attachment of the transport cover does not interfere with
the components of the grain corn harvester attachment in
the transport position.

4.5. Transport cover design

4.5.1. Input data

Inventor Professional CAD software was used to design
the transport cover structure, which allows access to stand-
ardized parts and components and is also compliant with
Polish Standards. This program also allows you to perform
stress analyses of the elements of the structure used for
simulations in a static system.

As a result of these analyses, the correctness of the se-
lection of appropriate structural elements and material
(grade of structural steel) was verified. During the design,
square and round pipes with dimensions in accordance with
PN-EN 10219-2 [35] were used. For this standard, unal-
loyed steels with designations S235JRH, S275J0H,
S275J2H, S355J0H, S355J2H and fine-grained steels
S275NH, S275NLH, S355NH, S355NLH, S460NH,
S460NLH are provided.

The process of selecting the structure's color by compar-
ing visualizations of different colors and their shades was
also carried out. To make the warning strips alternately
white and red, a self-adhesive prismatic foil was used,
which provides additional visibility in adverse conditions
and after dusk. The lighting will be provided by an LED
combination lamp that includes a turn signal light and
a white position light.

4.5.2. Static stress analyses of the cover frame structure
The finite element method (FEM) is a popular technique
for solving engineering problems, including structural load
analysis, particularly at key structural nodes of the struc-
tures under analysis. For this reason, it was used in this
research. The basic assumption was to analyze the maxi-
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mum allowable loads at key connecting nodes of the devel-

oped frame. The following assumptions were taken into

account when analyzing the loads on the guard frame:

— Load Type: Loads derived from the weight of the guard
material, which is the canvas, and the strength parame-
ters of the structural materials used (steel elements).

— Load Distribution: A load distribution consistent with
the structure and operation of the guard components was
assumed. The highest loads were assumed on the main
crossbeam, the connections between the side frame ele-
ments and the crossbeams, and the guard suspension el-
ements on the machine frame.

— Boundary Conditions: The boundary conditions of the
structure resulting from the adopted materials and de-
sign solutions were determined.

— Materials and Material Properties: The materials and
their technical parameters are discussed in section 1 —
45.2.

During the design of the shield frame, simulation anal-
yses were performed to assess the structure's von Mises
stresses, based on the Huber-Mises-Hencky hypothesis
[10]. They are calculated based on the values of the three
main stresses, the components' displacements, and the ma-
terial-specific safety factor. The final design was made of
unalloyed steel S235JRH. The dimensions of the profiles
used and the dedicated elements are shown in the attached
drawings. The first simulation reflects the effect of the
Earth's acceleration on the structure. Figure 11 shows the
Von Mises stress distribution on the structural elements of
the cover frame.

Typ: Neprezsrie Von Mses
. MPa
18012025, 1255498

Fig. 11. Von Mises stresses — gravity

During the simulation analyses, welds were also consid-
ered, so the maximum stresses, resulting from welding and
shear stresses, reached 126.2 MPa. They occur at the junc-
tion of two elements. The calculated stress in the structure
is in the range of 0 to 50 MPa, with the yield strength at 235
MPa.

Figure 12 shows the factor of safety, which is directly
correlated with Von Mises stresses.

The minimum safety factor in deterministic methods is
assumed subjectively, based on similar constructions and
their applications. Its use is necessary because the mechani-
cal and geometrical features of the structure, the loads act-
ing on the structure, the calculation accuracy and their
compliance with the actual operation of the structure may
differ from the assumptions of the constructor [7]. It is

assumed that the ratio of critical stress to design working
stress should be at least 3.3. On the other hand, Rabotonov
[27] proposed reducing this value to 2 [10]. During the
design, a minimum coefficient value of 2. This condition
has been met. If the stresses resulting from welded joints
were excluded, the value of this indicator would be much
higher. This effect is suggested by the color corresponding
to the safety factor of 5 in the legend.

Fig. 12. Safety factor — gravity

Figure 13, on the other hand, shows the way in which
the elements of the frame structure move under the influ-
ence of the Earth's acceleration.

The transparent skeleton shows the original positions of
the elements, while the coloured structure shows their dis-
placements under the influence of the loads acting on them
due to gravity. The program, in order to illustrate how ele-
ments move, tends to visually exaggerate the displace-
ments. On the other hand, the maximum value on the indi-
cator indicates that the movement of the elements is no
more than 0.25 mm.

Typ: Praemiesacaense
Jednostha: mm
18.01.20%5, 130300

Fig. 13. Displacement of elements — gravity

The results of simulation analyses of the impact of ac-
celeration on the shield structure showed that it is possible
to reduce the dimensions of some structural elements to
reduce the weight of the transport shield. The high safety
index evidences this. However, during a road collision, the
transport cover is the first point of contact between the
combine harvester and the vehicle, so it was decided not to
reduce the dimensions of the selected components.

4.5.3. Physical parameters of the transport shield
structure
The transport cover for the grain corn harvester is 3.5
meters wide at its widest point, and the side panels are 2.8
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meters long, covering all the working elements of the har-
vesting unit. The weight of the complete cover structure is
255 kg, which is 8.5% of the grain corn harvesting attach-
ment's weight. Modifications to the adapter that allow the
cover to be attached to the attachment elements weigh 36.1
kg. For the research, technical documentation and a list of
materials needed for the construction and installation of the
cover were prepared.

The assembly diagram of the entire developed transport
cover for the grain maize harvesting attachment is shown in
Fig. 14.

Fig. 14. Assembly diagram of the cover structure

4.5.4. Electrical installation of the cover lighting

The electrical system for the canopy lighting will be
based on a standard solution used in agricultural vehicles
and machinery. In this case, the combine harvester has an
electrical system for an external, specialized trolley to
transport the harvesting units, with a socket at the rear. To
connect the lighting to the canopy, run an electrical cable
with a socket to the front of the combine and mount it in
a safe location that does not interfere with the operation of
the harvesting units or the processes of disconnecting and
connecting the harvesting unit to the combine. The electri-
cal system uses a seven-pin connector, with the following
pins corresponding to the following lights (Fig. 15): fog
light, left parking light, right parking light, brake light, left
turn signal, right turn signal, and ground wire.

Fig. 15. 7 PIN plug [42]

Road traffic regulations require full visibility in front of
the vehicle when traveling on public roads, especially in
low-visibility conditions. To meet these requirements, the
guard elements, in addition to the red and white reflective
warning markings, feature two combination lamps on the
right and left sides. These lamps are divided into two zones:
high beam and turn signal, and are connected detachably

via a cable and plug to the electrical socket on the base
machine.

5. Discussion and conclusions

Journeys on public roads of combine harvesters and for-
age harvesters are currently often carried out at speeds of
40 km-h™. To increase the vehicle's safety during such
journeys on public roads, manufacturers of these machines
introduce various additional elements into their designs.

Among them, we can distinguish transport covers,
called transport protection by some manufacturers. Slightly
older models are not equipped with this type of protective
elements, so the work involved developing and constructing
a transport cover for attachment to a combine harvester for
row-harvested maize [21, 38-41].

By starting the research, the solutions used by transport
guards among manufacturers of self-propelled forage har-
vesters and attachments for grain maize harvesting were
analyzed. The methods for marking non-standard vehicles
and the legal regulations to be followed for a vehicle with
such a cover to move on public roads were verified [36, 37].

Based on the analyses, a conceptual model of a transport
cover dedicated to the grain corn harvesting attachment was
developed. To develop a model of the cover structure,
a dimensional base in the form of a harvesting unit was
required, to which the designed cover would be referenced.
The existing Dominoni SL 978 harvesting unit [41] was
used as a dimensional basis, and a design model was devel-
oped that accounts for the most important dimensions.

The conceptual model was adapted to the design base,
taking into account the design assumptions, resulting in
a model of a transport cover. To mount the cover to the
attachment, a dedicated hooking system has been designed.
The next step was to make a structure based on the cover
model Transport. For this purpose, the Inventor Profession-
al program was used, with which appropriate elements
compliant with Polish standards were selected. The material
of components (steel grade) was selected based on simula-
tion analyses. Their results showed the potential to reduce
the dimensions of the adopted structural elements. Given
the importance of the harvester's harvesting unit cover for
the road safety of other road users, it was decided to retain
the originally selected elements.

Due to the dimensions of the grain maize harvesting at-
tachment and the designed cover, lighting had to be placed
on its structure. For this purpose, a diagram of the electrical
installation was created. The last stage was the development
of the construction documentation of the transport cover for
the grain corn harvesting attachment.

Thus, it must be stated that the adopted goal of the work
has been fully achieved. In accordance with the adopted
assumptions, a simple, lightweight, and easy-to-use cover
for the combine harvester unit was developed, more pre-
cisely, an attachment for row-harvesting corn for grain by
the combine harvester. The designed design meets the re-
quirements for moving on public roads of the main machine
(combine). Thus, it increases the safety of the movement of
this type of vehicle with harvesting units attached to the
front, folded for transport across crossings. The developed
cover is designed to combine harvesters that were not facto-
ry-equipped with this element, thereby increasing safety
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when driving on public roads. Some models of combine
harvesters and forage harvesters of large corporations in the
industry have dedicated safety solutions of this type. In
these cases, transport covers have been included in the
structures already at the design stage of the harvesting unit
itself, e.g. folding distributors in Claas Rovio 4, automatic
folding/detaching of the cover from the level of the opera-
tor's cab (Claas, Krone, Kemper), and a dedicated connector
for lights in the Kemper Komfort chassis.

While the design of the corn header's transport guard
presented in this paper is an important issue, aimed at en-
suring efficient and safe harvesting, there are several signif-
icant limitations and potential directions for further re-
search:

— Impact of vibrations during transport: During transport,
corn headers can experience intense vibrations, which
can degrade the guard's durability. Therefore, it is cru-
cial to assess the impact of vibrations on the guard's de-
sign and develop technical solutions to reduce vibra-
tions and ensure the guard's stability during transport.

— Guard durability: Another important aspect is the dura-
bility of the header's transport guard. It is necessary to
test the materials' resistance to weather conditions, me-
chanical damage, and the intense loads associated with

field work. Possible directions for further research in-

clude the use of modern composite materials and struc-

tural reinforcement techniques to increase the guard's
durability.

— Compatibility with headers of different working widths:
Depending on the model and manufacturer of the corn
harvesting machine, the headers' working widths may
vary. Therefore, it is important to develop a cover de-
sign that is universal and compatible with various head-
er widths. Research directions may include developing
systems to adjust the cover width and testing their com-
patibility with various header types.

— Issues related to ergonomic aspects and examining the
time required for assembly and disassembly, which are
essential for practical usability.

Therefore, further research on the design of the corn
header transport cover should focus on reducing vibration-
related impacts, increasing durability, and ensuring univer-
sality and compatibility across various header widths. The
potential for further research in this area is significant, and
always aims to improve efficiency and safety. Therefore,
these will be the subject of further research by the authors
of this study.
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