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 Abstract:  The paper presents a description of the mechanical construction, measuring and control systems and the possibilities 
of a new type tribological testing device. The design was developed and built at the Department of Fundamentals  
of Machine Design and Tribology of Wroclaw University of Science and Technology. Described tester allows 
the investigate a friction and wear of components such as fibrous tapes, ropes, plaitings or fibers themselves 
in contact with solid materials. The paper describes in detail the construction of drive and the load pneumatic 
system. The innovative system of the device such measurement equipped with piezoelectric sensors and an 
experimental fixing unit of tested components also have been described. Work includes diagrams of used 
control and measurement systems and the central lubrication system. As a test the polyethylene cable in 
contact with brass rods has been examined. The results of this studies were been also presented in the paper.
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 Streszczenie:  W pracy przedstawiono opis konstrukcji, układów kontrolno-pomiarowych i możliwości nowego typu tri-
bologicznego urządzenia badawczego. Konstrukcja została opracowana i zbudowana w Katedrze Podstaw 
Konstrukcji Maszyn i Tribologii Politechniki Wrocławskiej. Opisane stanowisko pozwala na prowadzenie 
badań tarcia i zużywania komponentów włóknistych takich jak taśmy, liny, plecionki lub same włókna pod-
czas kontaktu z materiałami stałymi. W pracy opisano szczegółowo budowę mechaniczną urządzenia wraz 
z układem napędowym i pneumatycznym układem obciążającym. Przedstawione zostały również zastosowa-
ne w urządzeniu nowatorskie rozwiązania układu pomiarowego wyposażonego w czujniki piezoelektrycz-
ne oraz innowacyjny sposób mocowania badanych komponentów. Praca zawiera schematy zastosowanych 
systemów kontrolno-pomiarowych oraz centralnego układu smarowania badanych węzłów tarcia. W ramach 
testów przeprowadzone zostały badania lin polietylenowych we współpracy z prętami mosiężnymi, a wyniki 
ww. badań zostały również przedstawione w pracy.

INTRODUCTION

The development of modern technology induces the 
application of unconventional friction nodes. New 
types of bearings need different materials, forms, and 
structures. In the future, it can be expected that number 
of novel tribological nodes will increase.

Some of the innovative types of sliding parts that 
are used in technology are ropes and strips [L. 1, 4, 5, and 
6]. Advantages of such features in bearing arrangements 
are good contact pressure distribution, the simplicity 
of construction, and the ease of elements replacement. 
These advantages mean that ropes, cables, and fibres are 
often being used in new technological constructions [L. 8].

Applications of new types of sliding components 
must be preceded by a complex tribological research. In 
order to carry out a proper design process and estimate 
the durability of the device, it is necessary to analyse 

friction and wear processes of the friction pairs. It can 
be said that the condition of using fibre components is 
a precise determination of the tribological characteristics.

Commonly available tribological testers not allow 
research of sliding components like ropes, tapes, braids, 
etc. It is possible to adapt existing devices [L. 3, 7] 
through the use of special holders, but it is not possible 
for most standard tribological testers.

All these issues have become the reasons to 
construct a completely new tester for tribological 
investigations. The new device allows research into 
a wide range of kinematic parameters in conditions of dry 
or lubricated friction. This paper contains a description 
of the equipment developed, constructed, and used in 
the Department of Fundamentals of Machine Design 
and Tribology of Wroclaw University of Technology. 
Technical solutions in this product are registered in the 
Patent Application No. P415423 dated 21.12.2015.
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KINEMATICS  OF  FRICTION  NODE

The possible usage of fibrous elements in friction nodes 
can be very different. As a result of the conducted 
analysis, the friction node presented in the Figure 1 
was chosen. It is universal and can represent most of the 
constructions. Ultimately, the device uses a friction node 
with a cable that wraps around a bar 180°. 

Fig. 1. Diagram of the kinematic of the friction node 
used in the test rig; 1 - rod, 2 - fibrous components 
(cable/tape) [L. 2]

Rys. 1.  Schemat kinematyczny węzła tarcia zastosowanego 
w stanowisku badawczym; 1 – pręt, 2 – komponent 
włóknisty (linka/taśma) [L. 2]

This solution, although it does not provide uniform 
contact pressure on friction surface, also does not 
cause pressure mounds at the edges, because it was in 
the friction node described in [L. 3]. The shapes of the 
sliding elements are also  most common in technical 
applications.

In the friction pair, between the cord and the rod, 
a relative reciprocating movement occurs. Kinematic 
parameters of the friction node are the force of cable 
tension - Fn, and the average sliding speed - vs. Variable 

geometric parameters of the friction node are the 
rod diameter - d, the width of the cable /rope - b, the 
length of cable from the handle – l, and the length of 
the movement cycle - s. The possibility to change these 
geometric parameters allows one to conduct research 
in conditions similar to those existing in the designed 
bearings.

In order to reduce the resultant force on the 
measuring head, a dual friction node was applied. 
The counter specimen (the rod - 1) slides at the same 
time as the two loops (samples) of the tested fibre 
component (Fig. 2). The loops are tensioned in two 
different directions. Between them is an angle of 60°. 
The measured friction force is the sum of friction forces 
from both friction nodes.

THE  DEVICE  CONSTRUCTION

Frame of the test rig presented in Figure 3 is based 
on a technology of screwed aluminium profiles. 
This solution ensures adequate stiffness and gives 
a possibility to adjust the mounting device components 
during the start-up of the prototype and preliminary 
tests. The use of aluminium eliminates the risk of the 
corrosion of structural elements during tribological tests 
in the presence of reactive liquid.

The friction head with mounted sliding rod (1) 
moves in a reciprocating motion along the axis of the 
rod. Loops of the fibrous material (2) are stationary. 
Each loop is stretched with a separate load unit (8).

The loading system is composed of the pneumatic 
cylinder Ø 32 mm and a linear guide with a sliding 
bearing. The linear slider aims at reducing the lateral 
forces generated during the friction of the cables in order 
to avoid loading the cylinder radially.

Fibrous elements are mounted in a self-locking 
clamp, which ensures ease of installation and protection 
against fibres being squashed. The method of fixing 
links in the holder is shown in Figure 4. The design of 
the cable handle is also protected by the subject patent. 
Two ends of plaits or fibres (2) are wrapped into separate 
guide handles (3). The guides have three profiled slots, 
which allow wrapping the tested fibre or plait in a way 
that their self-tightening occurs during stretching. After 
placing the guides in the socket of friction head, the 
clamp (4) prevents guides separation. Profiled cuts in the 
lower part of the guides of the handle allow the sliding 
of cable along the rod with cable arc angle of 180°.

The drive of the friction head is based on a crank 
mechanism. The length of the motion cycle s may be 
modified by the value of eccentricity. The stand is 
equipped with a set of eccentric wheels, which allows 
one to modify the length of the motion cycle s, in the 
range from 2 to 10 mm. The drive of the device is an 
11 W DC electric motor integrated with the planetary 
gearbox with a ratio 1:20.

Fig. 2. Dual friction node used in the measuring head of 
the tribological test rig for fibre components.

Rys.  2. Podwójny węzeł tarcia zastosowany w głowicy ba-
dawczej urządzenia do badania tarcia komponentów 
włóknistych
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The crank mechanism moves the friction head 
with friction rod through a set of two linear guide rails. 
Between the linear guide rails, a piezoelectric force 
sensor is mounted.

The application of a piezoelectric force transducer 
has reduced the size of the device. The use of piezoelectric 
sensor was possible due to the reversible motion.

THE  CONTROL - MEASURING  
AND  LUBRICATION  SYSTEMS

Components used in the device do not require complex 
control systems. The most important sub-systems that 
regulate the device and friction operating parameters are 
presented in Fig. 5.

Motor speed and thus the average sliding speed in 
the friction node can be controlled by the power supply 
voltage in the range of 0-24V. Average sliding speed 

Fig. 3.  Stand for testing of friction of fibres, lines, and plaitings. a) computer model, b) photography of the prototype,  
c) axonometric drawing of friction head.  1 – sliding rod, 2 – fibrous element, 3 – handle rails,  5 – frame, 6 – friction 
head,  7 – electric motor with gear, 8 – loading set, 9 – crankshaft, 10 – set of linear guideways, 11 – force sensor, 
12 – pneumatic accumulator 

Rys. 3.  Stanowisko do badania tarcia włókien, lin i plecionek: a) model komputerowy, b) fotografia prototypu, c) rysunek akso-
nometryczny głowicy badawczej; 1 – pręt badany,  2 – element włóknisty, 3 – prowadnice uchwytu, 5 – rama, 6 – głowica 
badawcza,  7 – silnik elektryczny z przekładnią, 8 – układ obciążający, 9 – układ korbowodowy, 10 – zespół prowadnic 
liniowych, 11 – czujnik siły, 12 – akumulator pneumatyczny 

Fig. 4. Scheme of fibre component fixing
Rys. 4  Schemat mocowania komponentu włóknistego 

w zacisku
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vs was determined by calculating the proportion of the 
working time to the number of completed motion cycles 
(on distance s). Measurements of the number of cycles are 
carried out by a limit switch and a simple impulse counter.

In the designed stand, a piezoelectric force sensor 
was applied. It has very small dimensions (16 x 16 x 16 
mm) and allows one to measure forces in a wide range of 
± 445 N with a sensitivity 11241 mV/kN. The advantage 
of piezoelectric transducers is also “self-setting zero.” If 
there are no changes of force acting on the transducer, 
there is no electric charge generation, and the measured 
value tends asymptotically to 0. Force sensors used in the 
device cooperate with a 4-channel system conditioning, 
which will allow device development for other 
measuring heads. The conditioning system converts 
the electrical charge generated by the transducer to 
a voltages signal 0-10 V. The voltage signal is registered 
by a data acquisition board connected to a computer. The 
applied measuring and data acquisition system provides 
the ability to record the friction force with a frequency 
of 250 kHz. Such a high value of the sampling frequency 
enables one to conduct research on friction during 
starting and braking. 

  Tension values of fibre components are controlled 
by air pressure using a pneumatic cylinder. The device 
is equipped with a precise pressure-reducing valve. The 
loop component made of fibres has a predetermined 
length l (Fig. 1), so misalignment is a result of friction 
forces. The advantage of the pneumatic system is its 
springiness, which allows one to maintain constant 
tension even with small displacements of the piston 
rod. Additionally, the stand has a one litre pneumatic 

accumulator (Fig. 4 No. 12), which stabilizes the 
pressure in the loading unit during operation.

The tribological test rig for fibres, cables, and 
plaitings provide the ability to conduct research in 
both dry and liquid lubrication conditions. The testing 
stand is equipped with central lubrication system 
for the investigated friction node. Lubricating liquid 
is supplied directly to the two tested sliding nodes 
using polyethylene tubing. The lubricant is pumped 
by a peristaltic pump with a variable flow. The tubing 
passed through a spiral placed in a thermostat that allows 
one to regulate the temperature of lubricant in the range 
of 20-80°C. The lubricant fluid flows by gravity through 
the friction nodes to the glass cuvette, which is placed 
directly below. During operation in a closed system, 
liquid lubricant is sucked from the cuvette by a pump 
to the filter and reused. A replaceable filter traps wear 
products of the test friction node, which can be further 
analysed, for example, microscopically.

INVESTIGATION  EXAMPLE

In order to test the functionality of the prototype, trial 
measurements were performed. Examples of results 
achieved by newly developed device are shown in 
Figures 6 and 7.

The pre-tests were carried out for polyethylene 
Dyneema® cable (b = 2.5 mm) during friction on 
a brass rod (CuZn39Pb3). The diameter of the sliding 
rod was 6 mm, and length of the motion cycle s = 8 mm. 
Investigations carried out on the described testing stand 

Fig. 5.  Schematic diagram of the systems used in the friction-testing stand for fibrous components [L. 2]
Rys. 5.  Schemat ideowy układów zastosowanych w stanowisku do badania tarcia komponentów włóknistych [L. 2]
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allowed the determination of the basic tribological 
characteristics. 

The value of the static friction coefficient μ0, 
depending on the tension cable at the different times 
of friction (number of motion cycles), were obtained 
(Fig. 6). In addition, changes in the average value of 
the kinetic friction coefficient μ during operation in 
a distance of 5000 cycles (Fig. 7) were acquired.

The exemplary studies were carried out in order 
to investigate the possibilities of the designed stand. 
They allowed the testing of critical systems used in 
the test rig and the improvement of the functionality 
of the device. Measured data were a basis for the 
designation processing algorithms of the results in 
order to determine the average friction force and the 
coefficient of friction.

Fig. 6. Examples of tribological characteristics  
μ0 = f(Fn) for a friction couple Dyneema® - 
CuZn39Pb3, determined using the test rig for 
fibres, cables, and plaitings

Rys.  6. Przykładowe charakterystyki tribologiczne μ0 = f(Fn) 
dla pary Dyneema® - CuZn39Pb3, wyznaczone z wy-
korzystaniem stanowiska do badania tarcia włókien, 
lin i plecionek

Fig. 7. Examples of results of kinematic friction coefficient 
μ changes during the time for a friction couple 
Dyneema® - CuZn39Pb3, determined using the 
test rig for fibres, cables, and plaitings

Rys.  7. Przykładowe wyniki zmian wartości współczynnika 
tarcia kinetycznego μ w czasie dla pary trącej Dyne-
ema® - CuZn39Pb3, przy naciągu linki Fn = 300 N,  
wyznaczone z wykorzystaniem stanowiska do bada-
nia tarcia włókien, lin i plecionek

REFERENCES

1. Bayar G., Konukseven E.I., Koku A.B., Theoretical and experimental determination of dynamic friction coefficient 
for a cable-drum system, New Trends in Mechanism Science, V5 of the series Mechanisms and Machine Science  
2010, s. 345–352.

2. Brończyk A., Analiza tarcia i procesy zużywania w nowoczesnych systemach stabilizacji kręgosłupa, rozprawa 
doktorska, Politechnika Wrocławska, r. 2016. 

3. Brończyk A., Kowalewski P., Wpływ siły naciągu włókien polimerowych na opory tarcia, Tribologia 5/2015, s. 9–16.
4. Cai J.G. Lim J., Feng J., Xu Y., Wang K., Elastic catenary cable element considering frictional slip effect, Science 

china Technological Sciences, 06-2012 Vol.55 No.6: s. 1489–1495.
5. Chen D., Yun Y., Deshpande A.D., Experimental characterization of Bowden cable friction, 2014 IEEE 

International Conference on Robotics and Automation,  May 2014.
6. Cai J.G. Lim J., Feng J., Xu Y., Wang K., Deployment simulation of cable-strut structures considering, Science 

china Technological Sciences, 06-2012 Vol.55 No.12: s. 3263–3269.
7. Kowalewski P., Wieleba W., Leśniewski T., Stanowisko do badań tribologicznych w złożonym ruchu cyklicznym 

toczno-ślizgowym. Tribologia, R. 38, nr 2, 2007, 303–311.
8. Rebouillat S. Tribological properties of woven para-aramid fabrics and their constituent yarns. Journal of 

Materials Science. 18 Marzec 1998, str. 3293–3301.
9. DSM Biomedical B.V., Dyneema Purity® SGX fiber, katalog DSM, http://www.dsm.com, 07.07.2016 r.

SUMMARY

The device to investigate friction of fibres, cables, and 
plaitings is a unique testing apparatus. Technical solutions, 
such as the innovative cable handle, a pneumatic loading 
unit, a modular drive, a piezoelectric friction force 
measuring system, and the central lubrication system 
used in the device allow one to conduct research in 
a wide range of loads and kinematic conditions.

The device enables the recording of measurement 
data at very high sampling rates, which allows one 
to investigate friction during start-up. The use of 
a dual-friction node (two loops) simplifies mechanical 
constriction (the reduction of the resultant loading 
forces) and doubles the performance of test procedures.

The design, after further research, will be modified 
in order to improve its functionality. The designers hope 
that described tester becomes a point of reference for 
future constructions of this type. 


