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 Abstract  The article presents an analysis of phenomena of selected elements of piston internal combustion engines cooperating 
with the combustion chamber and issues related to tribological aspects. It shows an attempt to assess the state of 
the tribological nodes: the valve stem – valve guide and valve head – valve seat in random natural conditions. 
Passive and passive-active experiments were conducted in the conditions of the operation of sea ships. The 
effects of complex and changeable inputs were examined on the value of the normal and pathological wear in 
the operation of medium-speed engines. Images of wear and damaged items of tribological nodes were studied. 
Analysis was conducted of digital images of real objects and using an optical microscope and measurements 
of macro- and micro-geometry. An identification of basic processes of wear was taken.

 Słowa kluczowe:  okrętowe silniki spalinowe, zawory dolotowe i wylotowe, węzły tribologiczne, naturalna eksploatacja, 
procesy tribologiczne, ewolucja zużycia. 

 Streszczenie  Artykuł prezentuje analizę zjawisk wybranych elementów tłokowych silników spalinowych współpracują-
cych z komorą spalania oraz zagadnienia tribologiczne. Przedstawiono próbę oceny stanu węzłów tribolo-
gicznych: trzon – prowadnica i grzybek – gniazdo zaworu w losowych warunkach naturalnej eksploatacji.

  Prowadzono bierny i bierno-czynny eksperyment w warunkach eksploatacji statków morskich. Badano skutki 
złożonych i zmiennych wymuszeń na wartości normalnego i patologicznego zużycia w eksploatacji silników 
średnioobrotowych. Badano obrazy zużycia i uszkodzonych elementów węzłów tribologicznych. Wykonano 
analizy obrazów cyfrowych rzeczywistych obiektów i z zastosowaniem mikroskopu optycznego oraz pomia-
ry makro- i mikrogeometrii. Podjęto identyfikację elementarnych procesów zużycia. 
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INTRODUCTION

In marine four-stroke engines, control of the change of 
working medium is done by means of the control valve, 
where, in a two-stroke engine, the outlet is usually 
controlled by an outlet valve. The control valve of the 
internal-combustion engine consists of the team of 
mechanisms controlling the intake of the fresh factor 
and the release of the exhaust fumes. Intake valves allow 
air into the cylinder, and outlet valves control exhaust 
gases from the cylinder. In the four-stroke engine, intake 
and outlet valves work once on two revolutions of the 
crankshaft.

The movement of the valve forces the profile part 
of the cam planted on the camshaft permanently or 
sliding. The rotating cam together with the whirling 
camshaft transfers the drive on the follower and the 
valve lever. When one end of the lever arm is pushed 
by the follower, the other moves down. This causes the 
valve stem to move and the valve opening. When the 
cam follower moves on the circular part of the cam, the 
actuation of the lever arm on the valve is released and 
the valve returns to the seat and closes under the action 
of the valve spring.
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Designers strive to design light weight valve 
controlled elements, which contributes to admission 
cross sections and handling high unit stresses, resulting 
in reduced durability and reliability. Generally, inlet 
valves and outlet valves holes are respectively 45% and 
38% of surface area of the cylinder bore [L. 1]

The outlet valve material should have mechanical 
properties that allow it to operate under more difficult 
conditions than inlet valves. 

Heating the valves while the engine is running 
causes them to lengthen. As a result, the valve may not 
close completely. Wear of the seat and the head of the 
valves can contribute to loss of the tightness [L. 2]. 
The leakiness of valves causes a reduction in engine 
power and contributes to the growth of the specific fuel 
consumption. The use of valves, which slow down their 
operation, causes the control shift.

Some investigations were conducted in order to 
understand the mechanism appearing in the hub valve 
head-valve seat, which is partly concentrating mainly on 
from inlet valves [L. 3] and the other is on outlet valves 
[L. 4, 5, 6, 7].

Some works concern examining the influence of 
the combustion pressure [L. 2, 3], of the rotation speed 
of the engine [L. 2, 6], of kinds of fuel [L. 2, 3, 8], the 
numbers of working cycles carried out [L. 3], and of the 
influence of the temperature [L. 5, 6, 9, 10] on the valves 
wear.

VALVE  LOAD

The valve mechanism is loaded by the gas pressure in 
the cylinder Fg, the force of the spring pressure Fs, the 
inertia forces of the moving mass Pb and the friction 
force Ft [L. 2]:

  F = Fg + Fs + Fb  + Ft              (1)

These valves are subjected to thermal loads due to 
the high temperature and pressure inside the cylinder. 
The outlet valve is intensity loaded mechanically and 
thermally by elements of the exchange system [L. 1, 2]. 
Outlet valves are additionally loaded by the stream of 
heat of the combustion gases passing through the gap 
outlet at the time of the valve opening and the bending 
stresses due to the distortion of the valve seat. 

The outlet valves are one of the most loaded 
structural elements of compression ignition marine 
engines, due to their asymmetrical location in the 
head and thus the varied load. The surface of the 
cylinder head between the nests of valves has the most 
burdened thermal loads according to authors [L. 9]. The 
temperature distribution in the outlet valve results from 
the heating through the working medium and exhaust 
gases and a carrying away of heat along of the valve 
stem and through of seat face of the valve. Intake valves 
are subjected to high thermal shocks, because they are 

affected by the heat in the combustion chamber and cool 
air. 

Some types of mating parts, such as outlet valves and 
seats in diesel engines, operate at elevated temperatures 
and oxidizing environments, and in resistance effects of 
monotonous repetitive collisions and interfacial slides. 
The tribological node of the valve head and the valve 
seat is the most burdened with the stream of heat and 
mechanical force F. The value of stresses of the valve 
head depends on the pressure exerted by gasses. The 
pressure exerted by the valve in the nest should be at least 
500-550 bars in order to provide the good sealing, while 
the speed of settling should be from 0.15 up to 0.2 m/s to 
ensure low wear and good valve dynamics [L. 6].

The majority of valves yield to sudden damage 
because of the high pressure and the temperature. 
The largest temperature occurs on the surface of the 
head in area of the exhaust valve [L. 9]. During the 
combustion process, the temperature of the intake valve 
reaches approximately 550°C, and the exhaust valve is 
in the range of 700 to 900°C, depending on the engine 
[L. 5, 7]. In the book [L. 10], it too many simplifications 
of calculations have taken place due to assumptions of 
the average values of temperature, flow cross section 
geometry, etc. instead of taking into account cyclical 
changes.

In the book [L. 10], it is asserted that over 
simplifications of calculations have taken place due 
to assumptions of the average values of temperature, 
flow cross section geometry, etc. instead of taking into 
account cyclical changes. 

The wear that occurs in valves is the result of a pure 
(network) complex process involving [L. 11]: plastic 
deformation, shear contact, and oxidation. Tribological 
layer forms are removed and renewed. 

A device that simulates the key aspects of wear 
outlet valves in high temperatures was designed 
[L. 11]. Three degrees of movement were taken into 
account: impacts, slips, and rotation. Two different test 
geometries were elaborated: inclined cylindrical pins 
striking rounded corners, and actual outlet valve sealing 
surfaces striking the edges of flat blocks. The features 
of the high-temperature repetitive impact device are 
described, and examples of the wear scars produced by 
the two test configurations are presented.

The surface contact of the seat and the valve head 
depends on the force F = f(a) and velocity v = f(a) 
and it is dynamic. The relative speed of the movement 
is dependent on the speed of opening the valve vz, the 
shape of the tappet, and the lever of the tappet [L. 2]:

    v = f(vz, X)               (2)

where X is a function of the shape.

At the relative movement of the valve head and the 
valve seat, dry and half-dry friction will appear, and the 
friction force is dependent on the force F, the geometric 
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structure of the valve seat, and the valve head and the m 
coefficient of friction:

    Ft = f(F, m, x)                 (3)

The assumed coefficients of friction m = 0.1 and 
0.4 represent the engine states that may take place 
[L. 12]. Small values of m are assumed in the cases of 
the accumulation of protective deposits on surfaces. 
High coefficients of friction are more representative of 
a clean engine, because actual values of coefficients are 
unknown.

The valve heads and valve seats are reciprocally 
displaced due to thermal deformations and deformations 
caused by the pressing force of the valve head. This 
leads to cyclic bending of the inlet and outlet valves.

In the case of the outlet valve head, twice the 
displacement range is observed than for the intake valve. 
The displacement difference is 1.6 times larger for the 
outlet seat compared to the inlet seat; hence, there is 
greater durability of the outlet valves [L. 9].

During operation of the valve, the following forces 
act on the closing element:
-	 The force of the working fluid stream Fst, which can 

be calculated using numerical methods from the 
equation of flows;

-	 The inertia force of moving element Fb [L. 13]:
 
                         Fb = (mv + ms/3) (–av)               (4)

where mv – mass of the movable element of the 
valve, ms – mass of the spring (takes into account the 
1/3 masses of the spring), and av – acceleration the 
close/movable element of the valve;

-	 The spring force of the Fsp spring, which is 
proportional to the lift of the valve closing element 
hv:

     Fsp = Fsp0 + ksp hv               (5)

where Fsp0 – preliminary tension of spring (force, 
with which the movable element is pressed to the 
valve seat), and ksp – stood springs;

-	 The gravity of the moving element FG [L. 13]):

            F
m m g

g
m g v s

m
=

− +( )( )ρ ρ
ρ

                (6)

The friction force of the guiding elements Ft;
-	 The external force extorting the movement of the 

valve Fz.
Intensity of the wear and tear of valves depends 

on the following factors: fixed or changeable thermal 
and mechanical loads, the quality of the fuel spray and 
outside friction in the individual tribological systems. 

The influence of the forcing factors depends on the 
demand by power receivers, the physical and chemical 
properties of the media (fuel, lubricating oil, cooling 
water, and air), and the required time to complete the 
tasks.

The effect of medium-speed engines’ operation 
with small loads on wear and damage is described in 
work [L. 14]. Operation with a low load of compression 
ignition engines is defined as the engine work below 
40% of maximum continuous power. The engine load in 
the 40-80% range is defined as the normal load [L. 14]. 

Compression-ignition engines for the propulsion of 
a generator are usually optimized to work with medium 
and large load. It has been shown that low load operation 
can increase wear and thus damage frequency. The 
intensive wear of outlet valves were found usually in 
internal combustion engines on ships with the diversified 
operating conditions and generally at low load [L. 2].

The valve wear affects the performance of engines; 
therefore, it is worthwhile to analyse their state. Worn 
out valves cause changes in the course of forces on 
working elements of valves and change the mechanical 
properties of those elements causing valve leakage. 

WEAR  OF  VALVES

The change in the technical state of the internal 
combustion engine is the result of surface and volumetric 
wear and failures; even through, the tribological wear is 
understood as a loss of primary properties of the friction 
elements [L. 15]. The main forms of the wear of the 
valves operating in the cylinder head of an engine are 
the following [L. 2, 16, 17]:
a) Abrasive wear of the valve;
b) The deposition of sediment;
c) Low temperature corrosion, 
d) High-temperature corrosion, and
e) Plastic deformation.

The four major mechanisms for damage to the 
outlet valves include the following [L. 16]:
a) Cracking and fracture of the valve,
b) Immobilisation the valve,
c) Valve leakage, and
d) Increased or decreased clearance between the valve 

and lever arm.
The valve may be suspended due to the degradation 

of the leading surface through abrasive wear, mechanical 
and thermal fatigue, erosion/corrosion, and carbon 
deposits [L. 2]. In combustion chambers, it has generally 
been found that the depositions of materials resulting 
from the number of interactions between reactive 
precursors are determined mainly through the following 
[L. 4]:
-	 The concentration of reagents,
-	 Temperature, and
-	 The presence of catalyst and inhibitors on the surface 

of reagents.
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Wear of the pair valve head and valve seat consists of 
elementary processes: accumulated deposits Zo, fretting 
Zck, corrosion Zk, erosion wear caused by contaminated 
flow of working medium with high velocity Ze, thermal 
wear Zt, and adhesive wear Za:

       Z = Zo + Zck + Zk + Ze + Zt +  Za              (7)

Wear results in the contact area of the valve head 
and valve seat increasing as well as the following 
changes: contact phase velocity, micro- and macro-
geometry of the contact surface, surface layer properties, 
and section-time opening of valves. The accumulation 
of deposits on the valve face and seat can have an 
insulating effect that slows cooling and makes the valve 
hot [L. 5]. If the deposits accumulate in one place, it can 
allow leaks, which give rise to hot spots on the valve 
and cause the channelling, and the grooves are subject 
to erosion or burn-out. [L. 18]. Sulphur, vanadium, and 
sodium contained in fuel and oil are oxidized during 
combustion to form sulphur dioxide, sulphur trioxide, 
sodium contained in fuel, and oil oxide and vanadium 
pentoxide [L. 6]. 

The valve outlets wear faster than the cam of the 
camshaft, which can contribute to the loss of tightness 
and decrease in engine power. The fastest wearing of the 
fragments, correctly made and intensively loaded, are 
the cones of valve seats and valve heads.

In the paper [L. 7], a failure analysis is presented 
of diesel automobile engine outlet valves. The analysed 
outlet valve failed after a very short time of the 
exploitation use of the element. To determine the cause 
of failure, stress analysis was carried out by the finite 
element method, which showed the highly stressed region 
on the valve. A proper CAD model was developed by 
using CATIA software and saved in ‘iges’ format. It was 
then imported into ANSYS 14 software, which gives the 
von-Mises the stress, strain, and deformation. The stress 
analysis shows that maximum stress was developed near 
the valve head when the piston crashed into the valve, 
and material analysis shows that the strength of the 
valve decreases due to the decarburisation of material 
and as the result the valve was bent. % carbon content 
in the material of the damaged valve was 0.2–0.34. This 
value is smaller than the standard of carbon content in 
X45CrSi93 material [L. 1]. 

During the displacement of the valve head in the 
valve seat, both elements are rubbing against each other, 
which cause adhesion wear, plastic strains on the surface 
of the contact, as well as fatigue wear as the result of 
the cyclical nature of the process. All these mechanisms 
lead to a loss of the valve tightness.

Valve springs wear is as follows: 
-	 Fatigue cracks due to recurring loads and run-time 

errors and material defects; and,
-	 Relaxation of stresses in material and changes of the 

structure of material as a result of acting loads.

The following wear of the valve head was identified:
-	 Local decrements of valve head fragments due 

to erosion (e.g., gaseous: burn-out of valve head) 
preceded by geometry and kinematics errors, 
impurities or surface defects;

-	 The change to the structure of the material due to 
active loads.

Damage to the head and seat of valves were singled 
out as follows [L. 16]:
-	 Valve seat face degradation due to the presence of 

solid particles when the valve is closed;
-	 Mechanical and thermal fatigue cracks;
-	 Damage to the seat surface due to the presence of 

solid particles during closing of the valve;
-	 Local decrements of head surface as a result of 

erosion (e.g., gas);
-	 Errors in geometry and kinematics, impurities or 

surface defects; and,
-	 Changes to the structure of the material as the result 

of acting loads.
Seat wear consists of decrements to the material 

from the surface and devastating the area valve face as 
a result of the following:
-	 Strokes occur a pitting and a spalling a pitting and 

a spalling;
-	 Resilient deformation of the valve head;
-	 Greats pressures of the fluid stream;
-	 Micro- movements between the seat and the valve 

head resulting in abrasive and adhesive wear;
-	 Forced rotations of the valve head, where hard 

deposits cause circumferential furrows on the face of 
the valve seat;

-	 Erosion of solid and liquid particles in the gas,
-	 Cavitation in the liquid; and,
-	 Accumulation of pollutants.

Particulates can be to come into existence as a result 
of the following:
-	 Excess lubrication,
-	 Sulphur corrosion and high temperature corrosion,
-	 Damage to the valve stem,
-	 Tribological wear in the guiding part, and
-	 Fatigue cracks in the stem.

Causes of wear and damage to the valve stem can 
be the following:
-	 Vibration in the valve control device;
-	 Rotation overload;
-	 Additional bending of the stem, due to oscillation 

of lateral moving parts, due to uneven wears or 
manufacture errors in valve elements;

-	 Guide sleeve wear; 
-	 Material decrements as a result of tribological wear; 

and,
-	 Seizing/adhesive wear as a result of too little 

clearance, position error, insufficient lubrication, etc.
In pairs of the valve stem-guide sleeve, as a result 

of mutual to-and-fro motions, there are changes in 
friction surfaces. In spite of the lubrication of the 
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valve–guide pair with liquid oil, the mixed friction up 
the stem by particulates and settlements constituting 
a mixture of oil and combustion products will appear. 
Deformation of the valve stem may occur as a result of 
impact by the piston in the valve or uneven heating of 
the valve, in the case of an abnormality in the cooling 
system [L. 17]. The lack of coaxialment of the guide 
and valve stem causes improper closing of the valve 
leading to leakage or a crack in the valve. Insufficient 
cooling causes the deterioration of strength properties 
of materials components, increase thermal stress, and 
the loss of backlash resulting from the phenomenon of 
thermal expansion of materials, etc.

In valves, this most often comes to [L. 17]: damage 
to the seat face of the valve, wear of the forehead of 
the valve stem and changes in dimensions and surface 
roughness.

As the result of the wear of the seat face of the 
valve, there is an increase in the contact surface of valve 
head and the valve seat, and there is a change in macro-
and micro-ridges the contact surface, a change in the 
superficial layer and in the time and opening section 
[L. 16]. Valve leaks result in burn-out to the edge of the 
valve head, which arises as a result of an abnormal course 
in the combustion process, and incorrect valve clearance, 
the falling out of the valve seat from the body, etc.

The seat face outlet valve area, due to the temperature 
being about 859 K, is exposed to corrosion [L. 9]. The 
sliding motion of the co-operating elements increases 
the corrosion rate by facilitating diffusion through the 
deformed oxides layer and, when the oxide layers reach 
the boundary thickness, delamination of the oxide layer. 
Spattering of the oxide layer leads to scavenge that 
increase the temperature locally, which intensifies the 
wear of the valve head and valve seat. Released oxide 
particles are furthermore an effective abrasive for abrasive 
wear. Performed investigations of worn-out outlet valves 
have shown the presence of sticking that are characteristic 
for adhesive, plastic deformation, scratches caused by 
abrasion wear, and material losses associated with the 
desertion of the oxide layer [L. 5].

The effect of the chemical composition of fuels 
used in the initiation and propagation of gas corrosion 
was tested. Engine wear type and the presence of large 
amounts of vanadium and sulphur (8.96% V and 4.23% 
S) and high nickel content in the welds on the valve face 
suggest that outlet valves wear is the result of vanadium 
and sulphur corrosion [L. 5].

There are different measures of wear. The Archard 
equation can be used to determine volumetric wear 
[L. 12]:

     V
W Ns
H
z=
δ

                  (8)

where V – total volumetric wear, Wz – wear factor,  
d  – is the slip on the joint per cycle, N – total normal load, 
s – slip length, and H – hardness of the softest surface.

There are many models of wear described in 
general tribological literature [L. 15], and slightly fewer 
publications concerning inlet and outlet valves [L. 1, 
2, 5, 7, 12]. One should strive for the development or 
selection of an adequate model.

The author’s investigations in this area focused on 
analysing events in the operation of marine engines with 
primary failures initiated in the valves. It has been shown 
that some types of wear cause increased resistance to 
motion in kinematic valve stem–valve seat pairs [L. 20]. 

Valve diagnostics were also performed using 
cylinder pressure signal and vibration acceleration 
signals with time-domain analysis, crank angle with 
amplitude selection, frequency selection, and wavelet 
analysis [L. 21]. The influence of wear and damage of 
control valves on the technical state of fuel injection 
valves and engine load has been demonstrated [L. 20]. 
The mean value of engine loads at which degradation 
damage occurred was 29.03%, that is, in the range of 
small loads [L. 20].

OBJECTS  OF  INVESTIGATOINS

This paper presents the problems encountered in the 
operation of medium-speed engines manufactured under 
license from MAN Burmeister & Wein type L16/24. 
These were engines 6L16/24 and 7L16/24, to drive 
3-phase synchronous generators, installed on handy-
size type vessels. The technical data of the investigated 
engines MAN B & W 6 and 7L16/24 type is as follows:
-	 Stroke number = 4,
-	 Piston diameter = 160 mm,
-	 Piston stroke = 240 mm,
-	 Rated engine speed = 1000 or 1200 rpm,
-	 Maximum combustion pressure = 18 MPa,
-	 Cylinder power = 88.9 or 90.8 kW.

Based on technical data and operating conditions, 
the investigation’s execution matrix was entered:

 
                 Wb = {Rz, M, G, K, N, S, O}               (9)

where: Rz – real contact, M – material protected by the 
producer, G –	 nominal geometry after production and 
changed as a result of wear, K – kinematics resulting 
from specifications and the exploitation state, N – load 
dependent on the attached energy receiver, S – lubricant 
worn and dirty, O – the environment specified by reference 
condition parameters resulting from the climate zone and 
the state of the marine power plant.

In these engines, the control of the exchange 
of working medium is done through control valves. 
The valves of the tested motors are arranged with 
a displacement of approximately 20° with respect to the 
reference axle, resulting in the formation of a working 
substance vortex. Intake and outlet valves are equipped 
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with rotating equipment at each operation. According 
to the manufacturer, this should ensure uniform 
temperature distribution on the valve head and reduce 
the formation of deposits. Cylinder heads are equipped 
with replaceable valve seats made of steel resistant to 
high temperatures, and they are hardened to prevent 
plastic strains.

The investigated engines are not equipped with 
indicator valves, which make it difficult to determine the 
thermal loads. The pressure course in the cylinder was 
determined by the vibration acceleration signal [L. 21].

These engines were feed with residue and/or 
distillate fuels during the occurrence of degradation 
damage. They are operated most often with low loads. 
The state of wear in this series of engines has caused 
catastrophic failures [L. 6, 13, 20, 21].

METHOD  OF  INVESTIGATION

A passive and passive-active experiment was conducted 
in the conditions of the natural exploitation of sea-going 
vessels. Condition tests performed during maintenance 
and after engine damage. A wear evaluation was carried 
out after dismantling of the engine as well as with 
without non-disassembly diagnostic [L. 21]. 

Some images of the investigated objects were made 
in ship conditions due to concern about the accumulated 
deposits not being disarrange. Some photographs were 
taken in laboratory conditions with using the appropriate 
illumination and a non-shadow tent. Analyses of real 
digital images of objects were performed with an 
applying an optical microscope and a Coolpix Nikon 
digital camera, and measurements of macro- and 
microgeometry were made.

Measurement of the valve diameter was made by 
contact method using the power of a digital micrometre 
with a resolution of 0.001 mm in three planes at the 
valve stem length and in each longitudinal plane in four 
planes every 45°.

EXAMPLE  INVESTIGATION  RESULTS

The important problem of the investigated engines was 
the deposits in the combustion chamber and on the 
valves. Figure 1 shows a cylinder head with collected 
black deposit after dismantling the valves.

Figures 2a and 2b show large quantities of deposits 
on example valves. After purification of the valves 
from the deposits during preventive maintenance, 
pathological wear on the sealing edges was observed, 
and this was the reason for their rejection from further 
operation (Fig. 3).

Normal wear is abrasive wear and oxidation. 
Pathological wear is adhesive, fatigue, fretting, 
corrosion, erosion, and cavitation [L. 14]. These kinds 
of decrements on the valve head cause leakages.

 

Fig. 1.  Deposits on the surface of the cylinder head from 
the side of the combustion chamber

Rys. 1.  Osady na powierzchni głowicy od strony komory spa-
lania

a)

b)

Fig. 2.  Deposit on the valve a) and on the valve head 
surface from the side of combustion chamber b)

Rys. 2.  Osad na zaworze a) oraz na powierzchni grzybka za-
woru od strony komory spalania b)

Figure 4 shows the disassembled valve seat, 
showing the deposits and effects of thermal loads, and 
in Fig. 5 the valve seat surface in the field of view of the 
optical microscope.
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Fig. 3.  Large decrements of material on the head edge of 
the outlet valve

Rys. 3. Duże ubytki materiału na krawędzi uszczelniającej 
grzybka zaworu wylotowego

Fig. 4.  Collected deposits and the thermal wear on the 
seat of the outlet valve

Rys. 4.  Nagromadzone osady i zużycie cieplne na gnieździe 
zaworu wylotowego

Fig. 5.  Surface of the seat of the outlet valve in the visual 
field of the microscope at 50 x

Rys. 5.  Powierzchnia gniazda zaworu wylotowego w polu 
widzenia mikroskopu przy powiększeniu 50x

Very essential, therefore, from the point of view of 
functioning, is the tribological pair guide valve–valve 
stem pair. A macro- photograph of the worn out valve 
guide part is shown in Fig. 6. Both intensive normal 
abrasive wear Zs, as well as pathological follows as the 
result of the Zk corrosion, and accumulated deposits Zo 
can be seen.

Even the intake valve shows Zk adhesive wear 
(Fig. 7). Such wear causes catastrophic failures due to 

Fig. 6.  Worn out guide part of the outlet valve stem
Rys. 6.  Zużyta część prowadząca trzona zaworu wylotowego

the significant increase in resistance and the collision 
of the piston with the valve. The surface of the guide 
part of the abrasive worn out valve stem is shown in 
the microscope image in Fig. 8. Abrasive wear Zs can 
be seen, which is a result of the vertical displacements 
and circumferential grooves caused by rotation of the 
valve stem and corrosion wear Zk, oxidation wear Zu 
and fretting Zck. Wear in the guide part can therefore be 
recorded as consisting mainly of the following:

              Z = Zs +Zo +Zck + Zk +Zu + Za                    (10)

Fig. 7.  Pathological wear to the guide part of the stem of 
the inlet valve from the head side

Rys. 7.  Zużycie patologiczne część prowadzącej trzona za-
woru dolotowego od strony grzybka 

Quantitative assessment of this wear was made 
by measuring geometry and surface roughness. The 
change of geometry and radial clearance in the guide 
occurred as a result of abrasive wear that occurred with 
mixed friction and the presence of deposits formed 
from lubricating oil and combustion products. Figure 9 
shows the worn out stem diameter measurements used 
in several planes of sample outlet valve and compared 
them with dimensions of stem parts not worn out. Not 
only is the diameter change as a result of wear visible, 
but also the formation of cylindricity and circularity 
errors.

Based on discrete measurements of the diameter of 
the shaft of the valve stem, the volumetric wear can be 
measured by comparing it to a cylinder with a nominal 
diameter.
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Fig. 8.  Worn out guide part of the valve stem in the central 
part at 50 x

Rys. 8.  Zużyta część prowadząca trzona zaworu w części 
środkowej przy powiększeniu 50x

Fig. 9.  The diameter of the valve stem in the guide part 
on the length of the I, II, and III, and the nominal 
value: A, B, C, D – measure planes on the length, 
n – nominal limit of valve stem

Rys. 9.  Średnice części prowadzącej trzona zaworu w płasz-
czyznach na długości I, II i III oraz wartość nominal-
na: A, B, C, D – płaszczyzny pomiaru na danej długo-
ści, n – granica nominalna trzona zaworu

In order to comprehensively evaluate the wear, it 
is necessary to analyse together the changes in many 

features determining the condition of the friction 
node: geometric values (shape and stereometry of the 
surface), mechanical, physicochemical (crystallographic 
structure, chemical composition, thermal properties, 
surface energy), as well as electrical, etc.

CONCLUSIONS

Observation and analysis of the combination of the 
wear of elements of the valves control were conducted. 
In some cases of the investigated valves, there was 
a transition from normal wear to pathological wear.

The difficulties encountered in identifying types of 
wear patterns are mainly due to the fact that effects of 
the wear and their connections with forcing, rather than 
observation of the course of their processes, have most 
often been investigated, since it requires disassembly 
of the engine or frequent diagnostic tests. It is therefore 
necessary to look for non-disassembly methods of the 
observation of wear processes.

Geometrical measurements of tribologically worn 
out valves were performed and attendant circumstances 
of intensive wear were examined. It has been indicated 
that this type of pathological wear, increasing motion 
resistance, can lead to catastrophic failures.

Optical and geometric assessment was carried out 
and an identification of the initiation and propagation of 
wear and damage to the inlet and outlet valves of the 
selected compression-ignition engines was made. The 
problems encountered in identifying the wear suggest 
follow-up work to objectivise the identification of wear 
processes.
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