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Abstract: Tribological properties of austempered ductile irons, as well as of
other materials, are determined by measuring the friction force in tribo-mechanical systems
(energetic aspect) and by measuring wear parameters (economic aspects). Tribological
properties of two types of austempered ductile irons are presented from both of these
aspects. Experimental investigation was realised on "Pin on Disk" tribometer. PQ index was
used as a wear parameter for wear intensity determination.
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1. INTRODUCTION

Tribological processes (friction and wear
processes), going on in the contact zone of tribo-
mechanical systems during their functioning cause
the energy consumption on overcoming the motion,
changes of shape and dimensions of the critical ele-
ment of the system [1,2].

The element of tribo-mechanical system which
during the contact reaches the critical value of wear
first, after which the function of tribo-mechanical
system is not possible, is its critical element. The
wear parameter of the tribo-mechanical system must
be regarded in connection with this element.

Material of the critical element of tribo-
mechanical system, which is in contact with other
two elements and ensures the existence of a small
friction force during the relative motion, has good
tribological properties from the energetic aspect. The
existence of small friction force in contact zone in a
tribo-mechanical system means small energy con-
sumption during contact realization.

The material of the critical element of tribo-
mechanical system, which in contact with two other
tribo-mechanical system elements ensures its longer
life, in reference, larger wear resistance has good
tribological properties, too. In that case the critical
element of tribo-mechanical system is worn slowly.
The consequence is small exploitation costs of cor-
responding production and transportation of equip-
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ment in industrial and transportation systems. This is
why the tribological properties defined in this way
can be called tribological properties from the eco-
nomic aspect [3—5].

Tribological properties of the critical element
material determined from both aspects are relative,
because they depend on the contact conditions and
on the properties of other two elements of tribo-me-
chanical system.

Tribological properties of tribo-mechanical
system elements from energetic aspect are deter-
mined by measuring the friction force and friction
coefficient during different contact conditions (slid-
ing speed, normal load, temperature, etc.). From the
economic aspect, tribology properties of the material
are determined by measuring the selected wear pa-
rameter on the critical element of tribo-mechanical
system. The problem of determining tribological
properties of the materials from economic aspect is
very complex, because of many possible wear para-
meters influences, as well as a critical point of wear
[6—7].

In this paper we present experimental results
of tribological properties of austempered ductile
irons from both aspects, energetic and economic.
Tribological properties from energetic aspect are
determined by measuring the friction coefficient and
from economic aspect by measuring the PQ index,
which represents the wear intensity.
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2. EXPERIMENTAL STUDY AND
TECHNIQUE

The main goal of this investigation was to find
a connection between tribological properties of aus-
tempered ductile irons and its heat treatment. Tribo-
logical properties of two types of austempered duc-
tile irons are determined by measuring the friction
force (energetic aspect) and PQ index (economic
aspect).

The experimental procedures are realized on a
"Pin and Disk" tribometer with line contact geome-
try between the discs. Discs A and B were made of
austempered ductile irons and a pin of carbon steel
(Figure 1).

The discs were made of two types of austem-
pered ductile irons and were isothermal and classical
heat treated with different conditions. Chemical
composition of discs of materials A and B and the
heat treatment of discs procedure are presented in
Table 1.

The pin of carbon steel was used in all expe-
rimental operations. Gear oil C was used in the tri-
bo-mechanical system contact as lubricant.

The contact conditions are defined by normal
loads from 5 to 20 daN, sliding speeds was from
1.05 to 1.6 m/s with boundary lubrication.

Table 1. Chemical composition and heat treatment of discs

Heat treatment

FN

Pin

Figure 1. Contact geometry between the disk and the pin

For measuring the PQ index PQ 2000 Particle
Quantifier was used. The samples of lubricants with
the contents of discs wear products were collected
from the lubricant bath.

The experimental program is realized on the
tribometer TPD-95-C in the Laboratory for Metal
Cutting and Tribology, the Faculty of Mechanical
Engineering, Kragujevac, Figure 2.

Chemical composition

Disc .
material -, °C Tp Crt C Si Mn Mg P S Cu
n min
b-520/60
A 900 a-320/90 3.85 29 0.076 0.035
320/30
b-520/60
B 900 a-320/90 3.76 235 0.51 0.02 0.004 1.48
320/30
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Figure 2. Tribometer TPD 95-C ,, Pin on Disk“ with accompanying instruments [7]
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3. EXPERIMENTAL RESULTS

Measurement of friction forces during Pin and
Disc contact realization allows us to determine the
friction coefficient. It means that the energetic as-
pect of tribological properties of both materials (A

Coefficient of friction

and B) can be compared by the determined friction
coefficient. The relation between two coefficients of
friction that relate to two types of austempered duc-
tile irons, thermally treated by isothermal and clas-
sical procedure is presented in Figure 3.

i

|.T-Isothermal treatment; CT-Classical treatment

Aa Ba

Ab

Types of materials and thermal treatment
Figure 3. Coefficient of friction between Pin and Discs

The comparison of tribological properties of
different materials can be realized by corresponding
indices. In this case the tribological properties of
austempered ductile iron A are better than the tribo-
logical properties of austempered ductile iron B for
15.9% in reference to 10.4%:

= 51100 =115.9%
luAa

1.

L =54100=110.4%
ﬂAa

The results of measuring PQ indices show the
quantity of products wear for the lubricant samples
and are shown in Figure 4.

The differences of tribological properties of
the same materials (A and B), that measured by PQ
indices gives higher values than in the first case:

Logra = POs. 100 = 144.7%
PO

Aa

Logsy = POs 100 = 150.5%
PO

Aa

It means that the determined economic aspect
of tribological properties of materials A and B give
different results compared to the determined tribo-
logical properties of the same material if the energy
aspect is used.

PQ index
200 E__jIT EZC.T :
150

50

Ba

Ab Bb

Types of materials and thermal treatment
Figure 4. Experimental data of PQ indices
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4. CONCLUSION

The results obtained during the investigation
show that the tribological properties of materials are
relative and that, besides the other factors, they de-
pend on the chosen method for their determination.
Based on the experience it can be concluded that
differences of tribological properties are higher if the
economic aspects are used for their determination.

Tribological properties of austempered ductile
irons depend to a great extent on the heat treatment
procedure. The optimal conditions of isothermal heat
treatment for every type of this material are differ-
ent.
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FOR

EHEPTETCKHN 1 EKOHOMCKH ACITEKTH TPUBOJIOIIKHNX OCOBMHA
AVYCTEMIIEPOBAHOI' HOAYJIAPHOI JINBA

Caxerak: Tpubosomke ocoOMHE ayCTeMIIEPOBAaHOI HOJYJIapHOI JIBA, Ka0 U O]
JIpyrux Matepujana, onpelhyjy ce MepemeM y TprOO-MEeXaHUUYKUM CHCTEMHMA CHJIC TPCHa

(eHepreTcku acmeKkTH) W MeEpemeM IapaMerapa Xabama (EKOHOMCKH

ACTICKTH).

Tpubosomike ocoduHe BE BpcTa ayCTEMIIEPOBAHOT HOJYJIAPHOT JIMBA Cy IPE/ICTaBIbEH Ca
OBa JBa acrekTa. EKCIepUMEHTalHM NporpaM je pealn3oBaH Ha TpuOomerapy ,,IluH-
muck. Oxpeher je mw PQ wWHAEKC KOju ce KOPHCTH Kao mMmapaMmerap 3a onpeluBame

MHTEH3UTETA Xabama.

KbyuHe peun: tpubosnonike 0coOMHE, EHEPTeTCKU aCHeKT, EKOHOMCKH acIleKT.
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