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Abstract 

The article presents the system for the identification of maintenance 
characteristics of air cushions. The parameters of the system allow the research 
and certification works to be conducted according to binding rules. The 
development of the system beginning from the identification of the needs, 
through research works up to the verification and implementation of the solution 
has been presented in the paper. 

Introduction 

Air cushions are a part of the basic equipment of technical rescue services. 
Their purpose is to move (lift) the vehicles, structural elements including 
construction elements, and fallen trees at the time of rescue actions taken after 
the occurrence of traffic accidents, construction or natural disasters [1]. They 
are also used in the industry to perform the operation and maintenance tasks on 
pipelines, or to lift entire constructions. The height of a deflated cushion is 
considerably small, and thus the cushion can be used in extremely narrow 
spaces, i.e. between the ground and a lifted element. The inflation of the cushion 
with compressed air from the pressure vessel leads to the expansion of the 
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cushion and the lifting of the element the cushion is placed underneath. There 
are three basic kinds of air cushions used in technical rescue: 
– High pressure air cushions; 
– Low pressure air cushions (so called high-lift cushions) 
– Sealing cushions for the sealing of pipe culverts. 

The total amount of air cushions used by the National Fire Department 
currently exceeds 5000. Statistically, ten out of them are in a constant use [2]. 
Such frequent use of the cushions requires a number of tests to be conducted in 
order to assure their reliability and functionality, and assess the usefulness of 
the cushion usage in conditions simulating real rescue actions. Such tests, thus, 
allow the definition and assessment of technical and operational characteristics 
of the device and the identification of its reliability and resistance to the 
influence of external factors. 

1. Presentation of the problem 

At the time of their application, the cushions are prone to burst resulting 
from the too high pressure of the filling air and puncture with sharp or 
protruding elements of a lifted structure. The parameters crucial from the point 
of view of the user of the cushion include: the relation between the lift force, the 
height of the lift and the falling under the load rate as a result of an accidental 
damage of the compressed air supply conduit or the coat of the cushion. The 
requirements considering the technical parameters of the air cushions and the 
methods of their verification are defined under the norm [3], which, besides 
simple usage and the endurance to test pressure tests, takes the testing of the 
puncture resistance of structural material samples and whole air cushions; the 
identification of the lift force, and the fall speed and time into consideration. 
The above stated parameters are of key importance for the safety of the victims 
of road accidents and crashes [4]. 

Currently, the biding regulation is the ordinance of the Minister of Home 
Affairs and Administration dated 20 June 2007 concerning the register of goods 
for the assurance of public safety and health, life and property protection and 
the rules for their usage [5]. The ordinance is the latest (and at the same time 
only biding) legal regulation that states the requirements for all devices used in 
fire protection. 

Due to the introduction of the abovementioned ordinance, the necessity for 
the development of a test system adapted to current legal regulations occurred. 

2. Development of the idea  

According to the requirements stemming from the legal regulations, the 
following concept of action and the output data for the construction of the stand 
(Fig. 1) have been adopted: 
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– The maximum size of the tested cushion: a square with the dimensions of 
1320x1320 mm and a circle with the radius of 1250 mm; 

– The maximum lift height: 1200 mm; 
– The maximum lift force at the supply pressure rate exceeded by 20%: 950 kN; 
– The measurement of the lift force and height, the record of the value of the 

force in the function of the lift height; 
– The detached structure, welded from steel profiles, placed on vibroinsulators, 

equipped with two parallel horizontal plates with the spacing adjusted with 
the use of the screw gear between which the tested air cushion is placed; the 
bottom plate leaning against the rate dial extensometers; 

– The electronic operation and measurement results acquisition control system. 
 
 

 
Fig. 1. The structure of the stand for the testing of technical characteristics and resistance to 

puncture of  air cushions  
Source: Authors. 
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The base of the device is placed on the vibroinsulators which allow the 
stand to be levelled. The stable plate, on which the tested cushion is placed, is 
located on the base of the device, on four extensometric power converters. 
There are four vertical screws located in the base. Their purpose is to hold and 
adjust the position of the support plate. The turn of the screws, and the 
simultaneous change in the distance of the support plate from the stable plate is 
realised synchronically with the use of chain transmission and the motoreducer 
with the worm gear. The upward movement of the support plate is limited with 
the inductive sensor. In the case of testing the fall speed of the cushion under the 
weight, the support plate does not change its position, whereas the moveable 
plate is pressed against the tested object with the use of the hydraulic cylinder 
and run parallel to it with the use of the ways. 

3. Control system 

The system of control over the functioning of the device (Fig. 2) uses the 
PLC controller that is equipped with the digital and analogue input and output 
modules and controls the work of all settings of the stand and also enables the 
acquisition of data from the realised test. The PLC controller applied in the 
developed system is composed of the following modules:  
– The Micro PLC controller – a unit with a 32K RAM memory card; 
– The digital input/output card;  
– The analogue input/output card;  
– The PCMCIA RS232 communication card.  
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Fig. 2. Block diagram of the control system 
Source: Authors. 
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The use of the PC computer with the software enabling communication with 
the PLC controller allows the load of work parameters together with the hydraulic 
feeder and the record of the test results. The load of the work parameters of the 
device is performed with the use of cards controlling the proportional valves, 
interface transmitters switching the suitable hydraulic valves and power 
transmission systems on. The executive elements of the system are composed of:   
– The electrical amplifiers for the control of proportional valves limiting the 

pressure in the hydraulic system; 
– The analogue amplifiers for the control of the flow proportional valve;  
– The interface transmitter for the control of the separating valves and starter 

motor contactors.  
The work correctness control over the hydraulic system is realised through 

the analysis and measurement of two parameters characteristic for the executive 
systems: the shift of the piston rod and the load. This measurement is taken with 
the use of the following devices: 
– The shift (line encoder connected to the piston rod), from which the signal is 

transmitted to the input of the PLC controller;  
– The extensometric power converters cooperating with the amplifier, from 

which the signal is transmitted to the input of the PLC controller;  
– The hydraulic oil pressure sensor in the executive system, whose voltage and 

current are transformed through the input of the PLC controller.. 
All parameters are controlled and analysed on line. 

4. Virtual model 

The assurance of proper stiffness and endurance of the self-supporting 
architecture of the stand is the main structural problem (Fig. 3). Closed steel 
profiles have thus been used in the construction of the base. The measurement 
plate as well as the top moveable plate have reinforcement ribs.  
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Fig. 3.  Design of the stand for the testing of technical characteristics and resistance to puncture:  

1 – base (frame), 2 – screw gear, 3 – measurement plate (here in shifted upwards), 4 – top 
moveable plate, 5 – support plate, 6 – shear for the plate, 4,7 – hydraulic cylinder,  
8 – screw gear drive, 9 – tensometric rate sensor  

Source: Authors. 
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The developed virtual model allowed the kinetic, endurance and ergonomic 
analysis to be conducted. 

5. Numeric analysis 

The cushion lift force amounting to 1 MN is exerted by the cushion on the 
plate and the entire structure of the device. The presence of such high pressures 
thus required the calculation of the most loaded structural elements to be 
conducted. 

The screw gears have been calculated with the use of classical methods for 
the verification of the negative stress at the core of the screw and the pressures 
on the surface of the thread. The remaining highly loaded elements are spherical 
structures with a complex construction. The method of finite elements has been 
applied in the estimation of the value of deformations, stresses and factors of 
safety of those elements. The calculations have taken place in the milieu of the 
Inventor package. In the structure of the base, the steel with parameters shown 
in Tab. 1 has been used. 

 
Table 1. Parameters of the structural materials 

 Base Measurement plate Top plate 
Structural material Carbon steel Soft steel   Soft steel  
Plasticity limit 350 MPa 207 MPa 207 MPa 
Endurance to stretching limit 420 MPa 345 MPa 345 MPa 
Young’s module 200 GPa 220 GPa 220 GPa 
Poisson’s coefficient 0.29 0.275  0.275  
 

Source: Authors. 

 
Pictures 4–6 present the means of loading the individual elements 

calculated with the use of the MES method and the graphic illustrations of 
obtained results of those calculations. 

The areas of stresses concentration are located in the base of the device in a 
close proximity to the plate elements for the placement of force sensors (Fig. 4). 

The areas of stresses concentration are located in the measurement plate in 
the areas of contact with force sensors (Fig. 5). 

In the top moveable plate, the area of stress concentration are located in the 
planking of the plate (Fig. 6).  

Greatest deformations that occur in highly loaded structural elements 
concern the base of the stand – ca. 1.9 mm on the sleeves framing the bearings 
of screw gears. 

The deformation of the plates that are in contact with the tested cushion is 
significantly smaller and does not exceed the value of 0.7 mm. Such 
deformations do not influence the accuracy of conducted tests and do not pose a 
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threat to the structure of the device. The factor of safety amounts to 3 in 
a prevalent volume of the structure, which in static loads is a safe value. 

 
a) 

 

b) 

 

Fig. 4. Distribution of the factors of safety in the structure of the base of the device: a) view from 
the top, b) view from the bottom 

Source: Authors. 
 

a) 

 

b) 

 

Fig. 5.  Distribution of the factor of safety in the structure of the measurement plate: a) view from 
the top, b) view from the bottom  

Source: Authors. 
 

a) 

 

b) 

 

Fig. 6.  Distribution of the factors of safety in the structure of the top plate: a) view fgrom the top, 
b) view from the bottom 

Source: Authors. 
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6. Verification 

The tests of the work characteristics of two different kinds of air cushions – 
the high pressure cushion and a low pressure cushion for high lifting – have 
been conducted in order to verify the developed solution.  

At the time of the test of the LAB-9 (Fig. 7) low pressure cushion, the top 
plate of the device has been set in subsequent positions every 50 mm and the lift 
force has been measured at a constant pressure of 0.5 bars. The recorded 
characteristic indicates a constant value of the lift force regardless of the height 
of the cushion. 

 
a) b) 

Fig. 7.  Tests of the low pressure cushion for high lift: a) test stand, b) characteristics of the lift 
force 

Source: Authors. 

 
At the time of the test of the VS1 high pressure cushion, the lift height 

has been changed every 50 mm and the lift force has been measured at the 
constant pressure of 8.0 bars (Fig. 8). 

 
a) 

 

b) 
 

Fig. 8. Tests of the high pressure cushion: a) test stand, b) characteristics of the lift force 
Source: Authors. 
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The measurements have been conducted until the maximum lift height was 
reached and the contact area between the cushion and the plates of the stand as 
well as the lift force have decreased to the minimum value (Fig. 8). Recorded 
characteristics indicate a significant decrease in the lift force parallel to the 
increase in the lift height. 

Conclusion 

The developed system for the identification of operational characteristics of 
air cushions enables the certification and maintenance tests of air cushions to be 
conducted in conditions simulating real operation conditions. The verification 
tests confirm the obtainment of assumed maintenance parameters. The structure 
of the system and the construction of the stand additionally allows the puncture 
endurance tests to b conducted. The system has been implemented at the 
Scientific Research Centre for Fire Protection. 
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Streszczenie 

Artykuł prezentuje system do wyznaczania charakterystyk eksploatacyj-
nych pneumatycznych poduszek podnoszących. Parametry systemu umożliwiają 
prowadzenie prac badawczych oraz badań certyfikacyjnych zgodnie z obowią-
zującymi przepisami. Przedstawiono strukturę i parametry systemu. Na pod-
stawie przepowadzonej symulacji modelu wirtualnego przedstawiono rezultaty 
numerycznych obliczeń wytrzymałościowych. Zamieszczono wyniki badań 
weryfikacyjnych przeprowadzonych na obiektach rzeczywistych. W artykule 
omówiono proces rozwoju systemu począwszy od identyfikacji potrzeb, poprzez 
prace badawcze aż do weryfikacji rozwiązania i wdrożenia. System wdrożono 
w Centrum Naukowo-Badawczym Ochrony Przeciwpożarowej. 

 
 


