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Abstract 

The article presents the idea and the structure of the research and test 
apparatus system for the support of safety and technical rescue, and sets the 
directions for the changes and the development of technical objects directed at 
the improvement of technologies of technical rescue. The authors present the 
expectations and problems stemming from the need for constant improvement, 
and the proper and safe usage of both rescue and fire protection equipment.  

The mechatronic research and test apparatus set, designed to meet the 
needs of the developing system of certification testing of technical rescue 
equipment and the elements of the fire protection systems, is shown. The 
apparatus have been designed at the Institute for Sustainable Technologies-
National Research Institute in Radom and implemented at the Scientific 
Research Centre of Fire Protection (CNBOP) in Józefów. 
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Introduction  

To ensure the sustainable development of the industry means to drastically 
improve the effectiveness of precautions taken to reduce the risk of disasters. 
This can be achieved through the coordination of the actions carried out in the 
field of scientific research, the development and implementation of new 
technologies and the use of best practices in the field of technical and 
organizational solutions aimed at prevention and rescue [1, 2, 3]. 

Because of the industrial and civilisational development, technologies of 
technical and environmental safety undergo constant and dynamic changes [4]. It is 
significant that despite much safer security and protection systems being used, there 
is still constant and steady growth in the number of dangerous factors, that is parallel 
to the civilisational boom [5]. It is thus necessary to have a functioning system, in 
which new or improved technologies, together with the innovative safety means, 
methods and technologies are constantly used against new dangers. 

1. The field of innovation 

Facing a growing number of accidents, both traffic and technical ones, and 
a realistic danger of terrorist attacks, the development of systems of 
counteracting and attenuating their effects is of much greater importance 
nowadays. One of the key directions of the research and development works in 
the field of technical rescue is the development of the methods and the 
apparatus for the standard testing of the devices used both in technical accidents 
prevention and for the elimination of their results. 

Certification testing of safety and technical rescue equipment and devices 
is an essential area of actions and is the result of the constantly developing 
methods of prevention and rescue actions. The aim of the tests conducted is to 
provide the effectiveness of the actions taken and the safety of the implemented 
and used equipment. 

Providing a suitable level of safety to both the rescuers and the 
surroundings, requires the development of the methods and specialised 
equipment that would enable the testing of the rescue and technical safety 
devices in extreme conditions simulating the real usage conditions. 

The high dynamics of technical development creates a necessity of constant 
development of new generation test apparatus enabling the conducting of 
research and development actions and certification testing of the contemporary 
technical rescue and fire protection systems. Due to the direct relation with the 
results of catastrophes and accidents, technical rescue and fire protection are 
placed high on the list of priorities within the system of technical safety. Hence, 
the introduction of each and every new solution has to be preceded by detailed 
testing of the development and certification works. 
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The structure of the testing system allowing the complex testing in the 
entire field of technical safety and fire protection, thus has a key role as far the 
technical requirements are concerned. The complex system of mechatronic 
research and test apparatus with selected areas of application will make fast 
identification of current needs and coordination of research and development 
works as well as setting directions for development possible. 

The actions taken in ITeE – PIB in Radom contributed to the construction 
of such system, whose current structure is presented in Fig. 1. The system has an 
open structure in which the broadening of the areas of technical rescue and fire 
protection, that are subject to innovation, is possible. The selected areas of 
action are the result of the priorities set in the binding norms and the needs 
listed by CNBOP. 

In a response to the needs of ITeE – PIB, the set of an innovative 
mechatronic research and test apparatus has been designed according to the 
requirements imposed by the system. The purpose of the set is to conduct the 
tests according to the current methods and the set was implemented at CNBOP 
in the 2007–2009 period. 

Being a crucial part of the certification system, the apparatus is not only 
addressed to the institutions responsible for the introduction of safety systems 
for the technical support. Because of the elasticity of the parameters and the 
functional features, the apparatus will enable the development works to be 
carried out in the enterprises specialising in the production of the fire and 
technical rescue equipment. 

2.  Stand for work parameter calculation and durability testing of 
hydraulic rescue equipment 

The stand (Fig. 2) is designed to assess the hydraulic rescue equipment 
used to rescue the victims of construction and traffic accidents and to remove 
the effects of those disasters [6]. The universal method of testing the hydraulic 
rescue equipment allows the definition of the forces of expansion and pulling of 
the working end within the load up to 400 kN and shifting up to 1 m. The tested 
tool is assembled into the loading system, whose component is the hydraulic 
cylinder connected to the computer controlled feeder equipped with the valves 
proportionally regulating the pressure and the flow of the hydraulic agent. It 
plays a role of the passive or active load of the tested tool with the freely shaped 
characteristics enabling the reconstruction of various situations typical for the 
operation and work of this kind of tool or equipment. The stand for the 
endurance tests has been equipped with a special pneumatic manipulator 
allowing the multi-usage cycle of the tested tool to be restored with the 
programmed work parameters.  
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The structure of the stand enables the testing of series of such tools 
requiring certification testing as shear-expanders, kombi type of tools and 
expanding cylinders, no matter what their individual control system is [7]. 

 
a) b) 

  
 
Fig. 2. Stand for work parameter calculation and durability testing of hydraulic rescue equipment: 

a) stand ready for testing b) example of work characteristics of the tested expander 
Source: Authors. 

 
The computer controlled stand and the developed procedures allow the 

following tests:  
– The determination of the dependence of the force in the side jump function 
– The determination of the dependence of the force in  the working speed 

function, 
– Multi-cyclical endurance testing. 

The developed and implemented method and the stand are used for the 
testing of goods before they are introduced to rescue services, which ensures the 
high effectiveness and reliability of the equipment. 

The results of the tests of the tools used, in the form of recorded working 
characteristics, allow the determination of both the realistic technical condition 
of the equipment and the need for possible renovation or exchange. 

The method, as well as the stand, are unique at the international scale due 
to automatic control systems installed, which immediately react to the changes 
in the working parameters of the tool and allow the testing to be conducted in 
the load conditions similar to real usage conditions. 

3. Stand for pneumatic sealing bags testing  

The stand for pneumatic sealing bags testing (Fig. 3) used in technical 
rescue [7] allows the normative and maintenance tests to be carried out on the 
basis of the developed and implemented method in the field of: 
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– Resistance to test pressure, 
– Ability to seal pipelines and drains. 

a) 

 

b) 

 

Fig. 3. Stand for pneumatic sealing bags testing a) stand ready for testing, b) sealing bag testing 
Source: Authors. 

 
Depending on the size of the bag, the tests are conducted in one of four test 

drains (pipes) with the diameter of 90 up to 900 mm, which allows the testing of 
all types of bags used in technical rescue. The tested bag is placed in the test 
channel with the diameter corresponding to the bag’s work parameters defined 
by the producer, and then filled with the compressed gas, which leads to the bag 
growth and, as a result, to the channel blockage. The bag works as a plug and 
closes the outlet of the sealed pipeline. The liquid with which the channel is 
then filled, simulates the pressure of the agent in the sealed pipeline, and at a 
certain value, the bag slides out of the pipeline. The value of the pressure of the 
liquid that results in the bag move is the measure of the bag’s sealing ability. 

All test pipes come with an inspection window located in the central part of 
the bottom, which enables a direct or CCD camera observation of the bag placed 
inside. The procedure of testing the endurance of the 400 mm bag (in diameter) 
to the test pressure consists of the tests in which compressed air or water are 
used. In the course of the testing of the ability of the bag to seal the drains, the 
water is supplied to the pipe through a special supply system equipped with 
safety valves. The results of the tests allow the assessment of mechanical 
endurance, effectiveness of filling of the bore of the sealed drain and the 
effectiveness of the adhesion of the coat of the bag to the surface of the drain. 

4. Stand for pneumatic lifting bags testing 

The pneumatic lifting bags are basic equipment used by technical rescuers. 
Their purpose is to shift (lift) the vehicles or construction and building parts 
when the rescue actions are being taken after the occurrence of traffic accidents, 
construction accidents and natural disasters. 
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The computer designed control stand (Fig. 4) allows the normative and 
maintenance tests of pneumatic lifting bags used in technical rescue according 
to EN 13731: 2007 norms [7]. The tested bag is placed between two parallel 
horizontal panels with the regulated distance. The filling of the bag with the 
compressed air causes the bag to press against the panels, which is similar to the 
real rescue situation. The measurement of the force with which the bag presses 
against the plates taken at various distances between the plates allows to test the 
characteristics and the lifting ability of the bag. The measure of the dropping 
speed of the top plate onto the bag with a broken feeder allows to test its 
reaction to the typical failure which can occur at the time of action. The 
installation of the steel mandrels on the surface of perpendicular plates enables 
the reconstruction of the bag’s exposure to puncture with the sharp bit of the 
lifted structure. 

 
a) b) 
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Fig. 4. Stand for pneumatic lifting bags testing: a) low pressure bag testing b) high pressure bag’s 

work characteristics 
Source: Authors. 

 
Through the use of the correct procedures and the test stand, the following 

tests are possible to be conducted: 
– Resistance to perforation, 
– Speed of the dropping of a loaded bag which is the result of the malfunction 

of the hose supplying condensed air, 
– Determination of a work characteristic that is force-to-lifting height. 

The stand allows the testing of low and high pressure bags with the load 
capacity up to 1 MN and lifting height up to 1.2 m. The results of the tests form 
the basis for the determination of possible dangers the victims of the accident 
might face when the coat of the bag is punctured at the time of the rescue action 
carried out. Besides, on the basis of the test results and the analysis of the 
danger, the determination of the cases, in which additional coats (attachments) 
should be used to improve their reliability, is possible. 
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5. Stand for testing the endurance and reliability of fire hydrants 

The stand (Fig. 5) is designed for the testing and certification testing of the 
endurance and reliability of above-ground and underground hydrants according 
to PN-EN 14339: 2005 and PN-EN 14384: 2005 norms [8]. The tested hydrant 
is assembled into the tested water conduit according to the producer’s remarks 
and then is supplied with water with the right working pressure. The 
electronically controlled rotary head of the stand causes the opening and closing 
of the valve with the application of normalised force momentum and in a way 
characteristic for the operation conditions. This results in the controlled water 
flow through the tested hydrant or its stoppage with the simultaneous control of 
water consumption. The repeated operation of the valve with the maximum 
mechanical and hydraulic loads allowed, enables to assess the endurance and 
durability of the hydrant. 

The use of the developed method, procedures and apparatus allows the 
flowability characteristics, reliability and durability of both above and 
underground hydrants to be set with the real water flow conditions preserved 
and the measurement of working parameters of the hydrant considered. 

a)            b) 

  

Rys. 5. Stand for testing the durability and reliability of fire hydrants: a) above-ground hydrant 
tests, b) mounting of the actuator on the hydrant, c) recorded work characteristics 

Source: Authors. 

 
The developed stand allows:  

– The testing of hydrants up to 2800 mm;  
– The determination of the Kv coefficient of flow resistance;  
– Work load resistance testing – the determined load put on the valve in the 

direction of the valve’s opening and closing; 
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– The determination of the moment of valve closings and openings; 
– Hydrant durability testing – cyclical closing and opening of the valve at the 

determined driving moment and the water pressure of 3 MPa; 
– The automatic realization of testing procedures’ 

In order to set test parameters and control the testing, a special computer 
programme has been developed. When the hydrant is tested, the entire testing 
procedure is recorded in the form of the turning moment of the valve and the 
flow rate of water. 

6. Stand for the stratification of pressing fire hoses 

The stand (Fig. 5) is designed to determine the adhesive endurance between 
the layers of pressing fire hoses according to PN-EN 28033 and PN-ISO 8033 
norms. 

Fire hoses are subject to tensions resulting from the pressure of the water 
supplied, thermal tensions and the mechanical interaction at the time of folding. 
The materials used in the production of the hoses have to have suitable 
endurance parameters. In order for those requirements to be met, the multi-
layered composite materials need to be used. To achieve the required usage time 
means that proper adhesive endurance between the layers must be ensured. 

a)                      

  

Fig. 6. Stand for adhesive endurance testing of pressing fire hoses: a) stand with the operator’s 
interface, b) example of work characteristics 

Source: Authors. 

 
The stand for adhesive endurance testing is composed of the specialised 

machine and the computer system of the visualisation of the course of the trials 
and the acquisition of measurement data [9]. This enables the testing at the 

b)
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maximum load up to 1000N exerted by the working head shifting within the 
range of 335 mm at the speed of 10–100 mm/min. The test consists in taking the 
sample of the multi-layered material from the tested hose and subjecting it to 
seasoning in suitable atmospheric conditions and the measurement of the 
adhesive force between individual layers with the use of the presented 
endurance machine. The layers which are provisionally separated at the end of 
the sample are placed in the clamps and then separated with the programmed 
speed. The value of the separating force is measured at the time of the test and 
the process of its changeability is the quality measure of the composite material. 

7. The set for the control of the technical condition of the hydrants network  

The testing procedures and the portable set of control-measurement 
apparatus for the periodical control of the technical state of the hydrants 
network and external hydrants at their location (Fig. 7) allows the following: the 
checking of the efficiency of the hydrant at the pressure of 15 bars; the checking 
of the hydrant closing pressure; the checking of the turning moment of the 
opening and closing of the valve of the hydrant; the control of the above-ground 
and underground hydrants. 

 

 

Fig. 7. Portable set for the control of the technical state of  the hydrants network and external 
hydrants  

Source: Authors. 

 
Because of its low cost of production, small weight and mobility, the set 

together with the testing procedures is aimed at a common control of technical 
efficiency of the hydrants network and the hydrants installed in the water supply 
system, by the services responsible for the proper work of those devices.  
The test consists in provoking the controlled outflow of water from the tested 
hydrant, at the time of which the consumption and the pressure are measured. 
The aim of the test is to check the usefulness of the water supply network and 
the hydrants used for filling the water tanks or  fire extinguishing systems. The 
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aim of other mentioned tests is to check the technical condition of the hydrant 
and to secure it at the time of its usage in winter time. 

Conclusion 

The developed systems have been implemented at CNBOP in Jozefow. The 
presented solutions contribute to the significant development of certification 
testing and technical conditions control of the equipment and the installations 
used in technical safety systems. The introduced solutions are just a part of the 
entire system, in which the most important and most popular areas, that require 
intensive development works connected to the mechatronic research and test 
apparatus, have already been set. 

The directions for further development of the diagnostic systems of the 
equipment used in technical safety are stimulated by the constant development 
of rescue techniques with the use of new technological solutions created in the 
producer’s research lab. The constant development of the diagnostic methods on 
the basis of the advanced mechatronic and computer technologies is the main 
direction that follows the developing systems of active and passive fire 
protection. The creation of the research base that would enable the diagnostics 
of entire systems in the conditions and scale similar to the real ones is the 
priority direction for works to be carried out in Poland. 
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Aparatura badawczo-testowa do badań certyfikacyjnych w systemie  
ratownictwa technicznego 

Słowa kluczowe 

Ratownictwo techniczne, ochrona przeciwpożarowa, certyfikacja, sprzęt 
ratownictwa technicznego, urządzenia przeciwpożarowe. 

Streszczenie 

W artykule przedstawiono koncepcję i budowę systemu aparatury ba-
dawczo-testowej wspomagającej bezpieczeństwo i ratownictwo techniczne. 
Określono kierunki generowania zmian i rozwoju obiektów technicznych nasta-
wione na doskonalenie technologii bezpieczeństwa technicznego. Przedsta-
wiono oczekiwania i problemy wynikające z potrzeby doskonalenia, właściwej 
i bezpiecznej eksploatacji sprzętu ratowniczego i przeciwpożarowego. 

Zaprezentowano zestaw mechatronicznej aparatury badawczo-testowej 
opracowanej na potrzeby rozwijanego systemu badań certyfikacyjnych narzędzi 
ratownictwa technicznego oraz komponentów systemów przeciwpożarowych. 
Aparatura opracowana w Instytucie Technologii Eksploatacji – PIB w Radomiu 
została wdrożona w Centrum Naukowo-Badawczym Ochrony Przeciwpoża-
rowej – PIB w Józefowie. 

 
 

 


