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1. Intriduction 
Frictional components made from various metals and alloys are 
gradually being replaced by polymers and polymer composites – 
in particular, composites based on polytetrafluoroethylene (PTFE) 
[1]. These materials reduce costs and improve reliability and 
durability. However, the applicability of these materials is very 
limited, since they are characterized by poor strength and 
elasticity, with consequent wear and deformation of the surface 
layers in friction. 
These problems are partially addressed by existing means of 
improving the mechanical and tribological properties of PTFE, 
such as the introduction of modifiers in the polymer matrix and 
adjustment of the manufacturing conditions (grinding and mixing 
of the components, pressing, and heat treatment). However, we 
need new methods permitting significant improvement in polymer 
properties, with accompanying gains in applicability. 
Components are generally made from polymer composites by 
pressing from powder and subsequent sintering. Pressing creates 
the basic properties of the eventual product – its density, strength, 
elasticity, and wear resistance – and distributes them uniformly 
throughout the volume [2]. 
To improve pressing, we may employ vibration [3]. Under the 
action of vibration, coagulation of the particles is reduced. 
Consequently, the fluidity of the powder is improved and the 
particles are packed more uniformly; any arch structures that form 
quickly disintegrate.  
 
2. Precondition and means for resolving the problem  
Ultrasound treatment is also promising, because it lends itself 
readily to plastic deformation of the powder particles, with 
improvement in the frictional forces. Such treatment permits 
shaping of complex products with relatively small forces. 
In the present work, we consider the influence of ultrasonic 
pressing on the mechanical and tribological properties of polymer 
composites, so as to develop a manufacturing technology for slip 
bearings. 
We investigate a PFTE-based composite (State Standard GOST 
10007-80) with a complex filler containing 8 % cryptocrystalline 
graphite, 6 % carbon fiber, and 2 % MoS2. 
The experiment consists of two stages. In the first stage, we 
determine the basic technological parameters of ultrasonic 
pressing (the amplitude of waveguide vibrations and the pressing 
time and force), as well as the influence of these parameters on 
the composite's mechanical properties (strength and elastic 
modulus). The mechanical properties of samples in tensile tests 
are determined on an R0.5 rupture machine at a strain rate of 20 
mm/min. In the second stage, we investigate the influence of 
ultrasonic pressing on the tribological properties of the material 
(wear rate, frictional coefficient, and frictional torque). 
Special equipment based on an MT-50 hydraulic press is 

developed for the manufacture of polymer-composite components 
by ultrasonic pressing (Fig. 1). The ultrasound source is a PMS 
15-A-18 magneto-strictional converter (resonant frequency 17,8 
kHz), with a UZG 3–4 ultrasound generator (input power 5 kW; 
frequency 17,5–23 kHz) [4]. 

 
Fig. 1. Equipment for ultrasonic pressing of PTFE components: 

(1) base; (2) ball bearing; (3) mold; (4) waveguide; (5) crosspiece; 
(6) magnetostrictive converter; (7) directional column; (8) handle; 

(9) hydraulic cylinder; (10) hydraulic system 
 

The manufacturing technology is as follows. Polymer composite 
powder from a mixer (blade speed at least 2800 rpm) is packed 
into a closed mold, attached to ball bearing. The ultrasound is 
switched on when the waveguide touches the powder surface. 
Under the action of the waveguide vibration, the powder particles 
oscillate. Small particles are distributed and ordered between the 
large particles; this facilitates compression and increases the 
contact between the particles [5]. After ultrasonic pressing, the 
blank is sintered: heating to 360 ± 5°C at 1,5–2,0°C/min; holding 
at this temperature (8–9 min per 1 mm of wall thickness); cooling 
to 327 °C at 0,3–0,4 °C/min; and cooling from 327 °C to the 
normal temperature with the furnace. 
For comparison, we manufacture samples without ultrasonic 
treatment but with the same sintering conditions. 
 
3. The results and discussion 
We find that the optimal pressing time t = 90 s (Fig. 2). For 
samples manufactured by ultrasonic pressing, the strength is 15 % 
higher and the elastic modulus is 23 % greater than for samples 
produced without ultrasound. Further increase in pressing time 
does not change the strength or elastic modulus. 

SCIENTIFIC PROCEEDINGS XI INTERNATIONAL CONGRESS "MACHINES, TECHNOLОGIES, MATERIALS" 2014 ISSN 1310-3946

YEAR XXII, VOLUME 2, P.P. 4-5 (2014)4



 
Fig. 2. Dependence of the strength σb (a) and elastic modulus E 
(b) of polymer composites on the pressing time t, with (1) and 

without (2) ultrasound 
 

The dependences of the strength and elastic modulus on the force 
are characterized by an extremum at P = 65 MPa (Fig. 3). The 
strength and elastic modulus are greater for the samples produced 
with ultrasonic pressing. 

 
Fig. 3. Dependence of the strength σb (a) and elastic modulus E 

(b) of polymer composites on the force P, with (1) and without (2) 
ultrasound 

 
The influence of the amplitude of vibration on the strength of the 
composite is extremal, with maximum strength at an amplitude of 
14 μm when the force applied is P = 65 MPa and the pressing 
time t = 90 s (Fig. 4). 

 
Fig. 4. Dependence of the strength σb of polymer composites on 

the vibrational amplitudeA of the waveguide 
 
On the basis of the results, we recommend the following 
conditions: waveguide amplitude A = 14 μm; force P = 65 MPa; 
pressing time t = 90 s. Samples obtained in these conditions are 
tested on special-purpose MDS-2 equipment at a slip rate v = 0,75 
m/s and force P = 2 MPa, with no lubricant [4]. The results of 
tribological tests are shown in Fig. 5. 

 
Fig. 5. Tribological properties of polymer composites produced by 

the traditional technology (■) and with ultrasound (□): I – wear 
rate; Mf –, frictional torque;ffr – frictional coefficient 

 
4. Conclusions 
The use of ultrasonic pressing in the production of slip bearings (t 
= 90 s, P = 65 MPa, A = 14 μm) increases the strength by 15 % 
and the elastic modulus by 23 %. The wear rate is reduced by 23 
% and the frictional coefficient by 15 %. 
This technology is used to produce slip bearings for Tenzilor M 
equipment. 
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