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Abstract: Slovakia has become one of the leading automobile manufacturers in Central Europe, mainly due to the presence 
of three global automakers - Volkswagen (Bratislava), PSA Peugeot Citroën (Trnava) and Kia Motors (Žilina). There is 
the automotive industry necessary for the development of the Slovak economy as decisive industry. Many businesses 
work right for the automotive industry. A substantial part of these companies is engaged in plastic products, such as the 
production of large-size plastic mouldings such as dashboard, car door trim and the like. These mouldings are produced 
on large-size injection moulding machines, with massive injection moulds. One of the problems of these companies is the 
handling of these massive forms, which can weigh tens of tons. The article is devoted to the design of the transport device, 
which is designed for the transport of this type of moulds, which is able to easily and safely secure moulds of various 
dimensions and transport them from the press to the mould warehouse, or vice versa from the mould warehouse to the 
injection press. There is the strength calculation of the structure is solved using FEM in conclusion. 
 
1 Introduction 

The inter-operative transport and storage is one of the 
limiting factors for the further development of assembly 
processes. The automotive industry is a decisive industry 
and a driving force for the development of the Slovak 
economy [1,2]. The development of progressive technical 
means for realization of inter-operational transport and 
storage is initiated mainly by the requirements of flexibly 
automated production [3,4]. A quick and flexible 
connection of individual assembly workplaces, systems 
and their functions as a whole by material flow is 
important. 

A task of means for inter-operational transport and 
handling is to ensure material flow between individual 
assembly workplaces and systems. It is necessary to ensure 
the material flow of all kinds of objects, tools, jigs and 
materials necessary for the implementation of the assembly 
process. The inter-operative transport is designed as an 
integral part of the assembly process. It is necessary to 
ensure system coherence between the types and types of 
assembly, handling and transport equipment and their 
technical parameters [5-9]. 

Transport machines and handling equipment reach 
through all fields of the national economy by their 
commitment and activity. Each production process consists 

of handling, transport and ancillary work because only 
their joint and mutual interaction produces a product. 
Material handling is therefore an important part of any 
industrial process. Evaluated economic studies show the 
value of each of the sub-operations and work operations 
that follow and follow each other. They are realized by 
means of transport and handling equipment. Thus, not only 
operations and technological, operations are important for 
the realization of production, but also includes an average 
handling cost of 10 to 30%. Modern engineering 
production cannot do without perfectly solved material 
handling as well as means of transport for transportation 
[10-12]. 

For many years, the automotive industry has been the 
engine of the Slovak economy and directly employs 
approximately 120,000 people. After counting the money 
spent by both companies and people involved in the 
production of passenger cars, the number of dependent jobs 
will increase to 200,000. Last year, automobile production 
alone accounted for up to 44 percent of the Slovak industry 
and exports of passenger cars accounted for 35 percent of 
domestic exports. For several years Slovakia has been 
leading the number of cars produced per thousand 
inhabitants [1]. 
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This article was created based on the requirement of a 
company working for the automotive industry. This 
company produces large-sized plastic mouldings such as 
dashboard, car door trim and the like. These mouldings are 
produced on large-size injection moulding machines, with 
massive injection moulds. One of the problems with this 
business was the handling of these massive forms, which 
can weigh tens of tons. 

The material handling means can be divided into 
different aspects. In terms of the path travelled by the 
material being handled, these means are divided into free-
moving material means, material-free moving material 
means and path-independent means. In terms of temporal 
continuity, the handling means can be divided into 
continuous and periodically operating means as well as 
cyclically operating means. In terms of the forces acting on 
the handling means, we can divide them into gravity, with 
mechanical force transfer and with transport in auxiliary 
medium. From the point of view of manipulated material, 
the manipulation means can be divided into loose 
materials, lump material and liquids and gases [13]. 

Transport trucks are the most used handling means of 
transport. They are used for a material transport and 
storage, in between object, inside object, in-process 
transport and in warehouses. 

The article is devoted to this issue of transport 
equipment design which is designed for the large-size 
moulds transport. This device must be able to easily and 
safely secure the injection moulds of different dimensions 
and transport them from the press to the mould store or 
from the mould store to the injection moulding machine. 

 
2 Characteristics and requirements given 

to handling equipment 
The task was to design a transport device for 

transporting a mould from an injection moulding machine 
to a warehouse and vice versa from a warehouse to a press. 
It was an injection moulding machine of the type Engel duo 
1500, with a clamping force of 1500 tons. This press can 
work with the largest mould size 1400 x 700 x 3750 mm, 
which can weigh up to 30 tons. It was therefore necessary 
to design a transport device, hereinafter referred to as a 
trolley, with a lifting capacity of 30 tonnes, with an 
adjustable arresting device for various mould sizes. 

The transport truck design was inspired by road 
vehicles, namely low loaders for the transport of heavy 
civilian and military equipment, automatically controlled 
forklift trucks and construction solutions used in trucks. 

The load-bearing structure shall be designed and 
assembled to withstand, with the appropriate degree of 
reliability, all the loads and influences which may be 
incurred during construction and operation during the 
proposed service life. To meet the appropriate usability 
requirements specified for the load-bearing structure or 
load-bearing element. The load-bearing structure shall be 

dimensioned to have adequate resistance, durability and 
usability [14-16]. 

The particular design situations shall be appropriate to 
the circumstances that may actually occur and where the 
load-bearing structure is required to perform its function. 
Design situations must be classified as: 

- permanent design situations under which normal 
use is understood, 

- temporary design situations, e.g. during 
transportation or assembly, 

- extraordinary design situations, these are 
exceptionally the conditions to which the structure 
is exposed, e.g. earthquake and the like [17]. 

 
The design situations selected must be sufficiently 

rigorous and at the same time diverse to include all 
circumstances that may actually occur [18]. 

We know two types of limit states, namely the ultimate 
limit states and the serviceability limit states.  

The ultimate limit state is that which is before the 
collapse of the structure. The load-bearing structure shall 
be checked for ultimate limit states where: 

- loss of stability of the structure or any part thereof, 
- failure of excessive deformation, transformation of 

the load-bearing structure or some of its parts into 
a movable mechanism, various types of material 
failure, loss of stability of the supports of the 
structure or foundations, 

- fatigue or other time-dependent effects. 
 
The serviceability limit state is considered to refer to 

the function of a given structure or load-bearing elements 
during normal use [19]. This includes large sags or large 
cracks. The verification of these limit states should be 
based on the following considerations: 

- deformations that change the appearance of the 
structure or the serviceability of the structure, 

- vibration which limits the fitness of the structure, 
- permanent damage that may adversely affect the 

service life or performance of the structure. 
 
The structure design according to limit states must be 

based on simulation models of structure and loads for 
particular limit states. It must be verified that none of the 
limit states is exceeded [14]. 

 
3 Design of transport equipment 
3.1 Carrying steel structure 

Carrying structures or transport truck frames can be 
welded or riveted from bent sheets or rolled steel profiles. 
Steel profiles are most often in the form of I, O, U, Z and 
the like. Some vehicle frames are made of round, square, 
rectangular, etc. tubes. with different wall thickness [20]. 

The frames are most commonly rectangular ribs, 
consisting of two longitudinal beams on which the 
crossbars are arranged. Such frames are popularly used in 
the production of commercial vehicles, semi-trailers, 
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trailers, etc. The individual parts of the frames are joined 
by welding or riveting [21-24]. 

It often happens that over time it is necessary to modify 
the device lifting platform, crane, etc. In this case, the 
vehicle frame needs to be strengthened at specific critical 
points. As often as possible, different reinforcements 
(profiles) are welded to the most stressed places of the 
frame [25]. 

The supporting steel structure (Figure 1) of the trolley 
is made by welding UPE 300 steel profiles, 15 mm thick 
steel plate and smaller 15 mm thick steel plates. To reduce 
the overall height of the trolley, UPE profiles at both ends 
are reduced by 185 mm. The individual parts are welded 
with a corner weld. The bottom plates serve for holding the 
spring bed. The relief holes are burned in the UPE profiles. 
The total weight of the beam is 2.1 tons and its dimensions 
are 4500 x 1800 x 315 mm. The material of UPE profiles 
and sheets is steel S355. 

 
Figure 1 3D model of carrying steel structure 

 
3.2 Front axle of transport truck  

Driving the vehicle is used to maintain direction or 
change the direction of travel of the vehicle, if necessary. 
When cornering, each wheel describes a circle with a 
different radius but with the same centre. The correct 
steering geometry must be adhered to ensure safe steering 
of the vehicle when cornering. For geometrically correct 
rolling of the wheels, the extended axes of all wheel’s 
rotation must intersect at a common point. This point is 
called the theoretical corner of the vehicle and, in the case 
of two-axle vehicles with steered front wheels, is located 
on the extended rear axle axis (pole line) [17, 26]. 

For Ackermann's regulation geometry (1), (2) 
(Figure 2) is given: 
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where:  R- theoretical turning radius (m), 
  s – pin axis distance (m), 
  L – axles distance (m), 
  β1, β2 - outer and inner wheel angles (°). 

 
Figure 2 Theoretical car steering geometry [7] 

 
The front axle (Figure 3) was designed as a suspended 

fixed axle with steered wheels and functional kinematics. 
The steering is provided by a trolley which is powered by 
the towing vehicle. The angle between the wheels at full 
turning is approximately 4 °, and the wheel turning radius 
is approximately 4.5 m (Figure 4). 
 

 
Figure 3 Front axle  
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Figure 4 Axle kinematics 

 
3.3 Rear axle of transport truck  

The rear axle (Figure 5) was designed fixed with the 
wheels rotating. On the axle there is a directly mounted 
spring bed. The rear axle wheels are braked by separate 
track brakes. 

 

 
Figure 5 Rear axle  

 
The wheel is designed as a hub on which a pair of 

wheeled tires is pressed. Wheel rings are designed as steel 
rings on which is vulcanized rubber. Each wheel is able to 
carry 6.4 tons, so a pair of hubs can carry 12.8 tons. The 
manufacturer guarantees the strength of wheels up to 6 km 
/ h. Two sets of cylindrical roller bearings are used, the first 
is a pair of NJ220EDM bearings capable of absorbing 
radial and axial force, arranged in the "X", the second set 
is a pair of NU218EDM bearings that absorb only radial 
forces. Four bearings per wheel were used to distribute the 
load evenly to the pivot. The inner set of bearings is 
secured by KM nut and MB washer, as it is not stressed by 

axial force is secured by retaining rings. As a lubricant we 
considered a grease. 
 
3.4 Locking fixtures   

The rear locking device (Figure 6) works on the 
principle of a solid wall with sliding clamping lugs that 
slide in horizontal guides and are secured by simply 
tightening the screws. The jig and the jigs are welded. The 
rear arresting fixture is firmly screwed to the main beam. 

 

 
Figure 6 Rear locking device 

 
The front locking device (Figure 7) works on the 

principle of a sliding wall with sliding clamps similar to the 
rear detent. The front jig is similar in a construction to the 
rear jig as it is also welded from 15mm sheets, the 
difference is that the front jig can be moved along the beam 
to transport moulds of other sizes. The front locking fixture 
has recesses on the lower plate to reduce sliding resistance 
and has a sliding guide with a lock on the sides. 

 
Procedure for securing the mould: 
1. The mould is placed on the trolley so that it touches 

the wall on the rear detent and so that it is 
approximately at the centre of the vehicle's width. 

2. The side jigs of the rear jig are pushed to the mould 
and secured by tightening the screws. 

3. The front locking fixture is pushed to the mould 
and its sliding lock is secured by tightening on both 
sides. 

4. The side jigs of the front jig are pushed to the 
mould and secured by tightening the screws. 
 

 
 

Figure 7 Front locking device 
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4 Strength and design calculations of 
transport equipment 

The main beam is loaded with a continuous load which 
also represents the mould. For the sake of safety, a weight 
of 60 tons was taken into the account into the calculations, 
representing a fall from zero height, which could cause a 
double overload. 

FEM analysis has shown the beam complies with the 
strength. The beam material is S355 steel with a yield point 
Re = 355 MPa, as shown in Figure 8, at a simulated load of 
60 tons, the maximum local stress levels on the beam are 
about 160 MPa. The peak stress of 316 MPa does not 
actually arise, it is given by a constraint that does not allow 
rotation.

 

 
Figure 8 Results of FEM beam simulation

The simulation of the rear axle (Figure 9) represents an 
embedded beam, which is subjected to a force from below, 
it was considered an extreme case. Load per wheel of 18 
tons, which incorporates double the weight of the mould 
and the weight of the trolley. The rear axle material is steel 
with a yield point Re = 850MPa.  

Axle shaft complies with strength. In the extreme case, 
the average stress levels are about 400 MPa, the maximum 
693 MPa does not actually occur, is given by the coupling. 
In normal operation, the values are halved. 

 

 
Figure 9 Rear axle beam simulation
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When simulating the front axle (Figure 10), the load is 
the same as the gripping method, the difference being that 

it consists of several parts, and the pivot pin is in the 
turning position, causing additional bending moment. 

 

 
Figure 10 Front axle simulation

Parts of the front axle are strong, normal stress levels in 
the extreme case are around 400 MPa, the maximum of 750 
MPa does not really occur, is given by the coupling. In 
normal operation, the values fall by half. 
 
5 Conclusions 

The task of means for inter-operational transport and 
handling is to ensure material flow between individual 
assembly workplaces and systems. An important role is 
played by the handling of heavy equipment, such as large-
size injection moulds for the manufacture of plastic 
mouldings such as the dashboard, car door trim and the 
like. 

The design of the transport equipment used to transport 
large-scale moulds plays an important role. The designed 
handling trolley is able to easily and safely secure moulds 
of various sizes and transport them from the press, to the 
mould store, or vice versa from the mould store to the 
injection moulding machine. The proposed load-bearing 
structure is sufficiently rigid, due to large bends and 
additional loads, and is not too heavy. Suspended rigid 
axles have been designed that are able to withstand double 
the overload of the structure without damaging them. The 
front axle steering has been designed according to the 
principle where the wheels follow Ackermann's geometry 
when turning. Mechanical adjustable locking of the 
injection mould preparation of various sizes has been 
proposed. The strength calculation of the designed 
structure was done using the finite element method. 

The impact of a change in the application of the 
proposed transport equipment on the solution for inter-
operation transport system is further research direction. 
 
 
 
 

Acknowledgement 
This work is a part of these projects VEGA 1/0290/18 
“Development of new methods of determination of strain 
and stress fields in mechanical system elements by optical 
methods of experimental mechanics” , VEGA 1/0154/19 
“Research of the combined technologies of joining 
dissimilar materials for automotive industry” and APVV-
16-0259 “Research and development of combustion 
technology based on controlled homogenous charge 
compression ignition in order to reduce nitrogen oxide 
emissions of motor vehicles”.  

 
References 
[1] KALIŠ, R., LÁBAJ, M., LUPTÁČIK, M., MORVAY, 

K., STRACOVÁ, E.: Development trends and the 
importance of paper industry for the Slovak economy, 
Journal of Economics, Vol. 66, No. 9, pp. 861-887, 
2018. 

[2] SINAY, J., KOTIANOVÁ, Z.: Automotive Industry in 
the Context of Industry 4.0 Strategy, Transactions of 
the VŠB – Technical University of Ostrava, Safety 
Engineering Series, Vol. 8, No. 2, pp. 61-65, 2018. 

[3] XIE, C., ALLEN, T.T.: Simulation and experimental 
design methods for job shop scheduling with material 
handling: A survey, The International Journal of 
Advanced Manufacturing Technology, Vol. 80, No. 
March, pp. 233-243, 2015.  

[4] VEREBOVÁ, V.: Improving of material flow in 
automobile enterprise, Acta logistica, Vol. 3, No. 3, 
pp. 5-8, 2016. doi:10.22306/al.v3i3.67 

[5] PRATHYUSHA, K., SUMAN, M.C.: Design of 
embedded systems for the automation of drip irrigation, 
International Journal of Application or Innovation in 
Engineering & Management, Vol. 1, No. 2, pp. 254-
258, 2012.  



Acta lActa lActa lActa logisticaogisticaogisticaogistica        ----    International Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about LogisticsInternational Scientific Journal about Logistics    

Volume: 7  2020  Issue: 1  Pages: 1-7  ISSN 1339-5629 

    

EVALUATION OF SUPPLIERS’ QUALITY AND SIGNIFICANCE BY METHODS BASED ON WEIGHTED 

ORDER  

Silvia Maláková; Peter Frankovský; Vojtech Neumann; Piotr Kurylo 

~ 7 ~ 

Copyright © Acta Logistica, www.actalogistica.eu 

[6] MICHLOWICZ, D. E.: Mapping as an important 
element of production logistics in small companies, 
Production systems–Selected Issues–Theory and 
Practice, Publishing House of Poznan University of 
Technology, Poznan, pp. 113-132, 2011. 

[7] GRABARA, J., BAJDOR, P., OKWIET, B.: Center as 
a tool for logistics activities in support of the company 
on the example of SME’s enterprise x, Polish Journal 
of Management Studies, Vol. 2, No. 2, pp. 35-43, 2010. 

[8] ŠOFRANKO, M., LIŠTIAKOVÁ, V., ŽILÁK, M.: 
Optimizing transport in surface mines, taking into 
account the quality of extracted raw ore, Acta 
Montanistica Slovaca, Vol. 17, No. 2, pp. 103-110. 

[9] CHYNORADSKÝ, L., BOŽEK, P.: Research and 
development of a new system of the autonomous 
control of robot trajectory, Acta Mechatronica, Vol. 1, 
No. 1, pp. 25-28, 2016. 

[10] PEKARČÍKOVÁ, M., TREBUŇA, P., KLIMENT, 
M.: Digitalization effects on the usability of lean 
tools, Acta logistica, Vol. 6, No. 1, pp. 9-13, 2019. 
doi:10.22306/al.v6i1.112 

[11] AMBRIŠKO, Ľ., MARASOVÁ Jr., D., GRENDEL, 
P., LUKÁČ, S.: Application of logistics principles 
when designing the process of transportation of raw 
materials, Acta Montanistica Slovaca, Vol. 20, No. 2, 
pp. 141-147, 2015. 

[12] PIRNÍK, R., HRUBOŠ, M., NEMEC, D., BOŽEK, P.: 
Navigation of the autonomous ground vehicle 
utilizing low-cost inertial navigation, Acta 
Mechatronica, Vol. 1, No. 1, pp. 19-23, 2016. 

[13] KRENCZYK, D., OLENDER, M.: Production 
planning and control using advanced simulation 
systems, The International Journal of Advanced 
Manufacturing Technology, Vol. 6, No. 2, pp. 38-43, 
2014. 

[14] KUĽKA, J.: Projektovanie oceľových konštrukcií 1, 
Technická univerzita v Košiciach, SjF., Košice, 2014. 
(Original in Slovak) 

[15] OLÁH, J., SADAF, R., MÁTÉ, D., POPP, J.: The 
influence of the management success factors of 
logistics service providers on firms’ competitiveness, 
Polish Journal of Management Studies, Vol. 17, No. 
1, pp. 175-193, 2018. 

[16] KURYŁO, P., CYGANIUK, J., TERTEL, E., 
FRANKOVSKÝ, P.: Machine vision investigate the 
trajectory of the motion human body–review of the 
methods, Acta Mechatronica, Vol. 1, No. 2, pp. 7-13, 
2016. 

[17] SLOBODA, A., FERENCEY, V., HLAVŇA, V., 
TKÁČ, Z.: Konštrukcia kolesových a pásových 
vozidiel, Košice, 2008. (Original in Slovak) 

[18] SÁGA, M., JAKUBOVIČOVÁ, L.: Simulation of 
vertical vehicle non-stationary random vibrations 
considering various speeds, Scientific Journal of 
Silesian University of Technology: Series Transport, 
84, pp. 83-91, 2014. 

[19] TAKOSOGLU, J. E., ŁASKI, P. A., BŁASIAK, S.: A 
fuzzy controller for the positioning control of an 
electro-pneumatic servo-drive, Proceedings of the 
Institution of Mechanical Engineers Part I, Journal of 
Systems and Control Engineering, Vol. 226, No. 10, 
pp. 1335-1343, 2012. 

[20] MEDVECKÁ-BEŇOVÁ, S.: Strength analysis of the 
frame of the trailer, Scientific Journal of Silesian 
University of Technology: Series Transport 96, 
pp. 105-113, 2017. 

[21] WAN, Y., YU, S., HUANG, J., YANG, J., 
CHINGHSIN, T.: Automation integration for Taiwan 
countrychicken farm management using field server, 
IAALD AFITA WCCA 2008 World Conference on 
Agricultural Information and IT, pp. 143-150, 2008. 

[22] SUPREMA, A., MAHALIKB, N., KIMC, K.: A 
review on application of technology systems, 
standards and interfaces for agriculture and food 
sector, Computer Standards & Interfaces, Vol. 35, 
No. 4, pp. 355-364, 2013. 

[23] STRAKA, M., ROSOVÁ, A., LENORT, R., BESTA, 
P., ŠADEROVÁ, J.: Principles of computer 
simulation design for the needs of improvement of the 
raw materials combined transport system, Acta 
Montanistica Slovaca, Vol. 23, No. 2, pp. 163-174, 
2018.  

[24] KURIC, I., BULEJ, V., SÁGA, M., POKORNY, P.: 
Development of simulation software for mobile robot 
path planning within multilayer map system based on 
metric and topological maps, International Journal of 
Advanced Robotic Systems, Vol. 14, No. 6, pp. 1-14,  
2017. 

[25] FIGLUS, T., KOZIOL, M., KUCZYNSKI, L.: Impact 
of Application of Selected Composite Materials on 
the Weight and Vibroactivity of the Upper Gearbox 
Housing, Materials, Vol. 12, No. 16, pp. 2517-2517, 
2019. 

[26] CZECH, P.: Underage pedestrian road users in terms 
of road accidents, Intelligent Transport Systems and 
Travel Behaviour, Springer, Cham, pp. 33-44, 2017. 

 
 
 
Review process 
Single-blind peer review process.

 


