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M. BABIC

Within the new rycle of fundarnental
research for the period of 1996 ri l l
2000., the Ministry for science and
technologry of Republic of Serbia has
aocepted to financially support the
mul t id isc ip l inary pro ject  ent i r led
"Savilgs of energy through tribology.
In its realization are included investi-
gaton from Faculty of Mechanical
Engineering in Kragujevac (the prin-
cipal investigator), from Faculty of
Mechanical Engineering in Belgra-
de, Faculty of Electrotechnics in Bel-
grade and Faculty ofTechnical Scien-
ces in Novi Sad.

Goal and expected results

The proposed project was conceived
about the main goal to, through inr-
provement and application of tribo-
Iogical knowledge, significantly con-
t r ibute to real izat ion of  s t rategic
social program for rational rnanaging
the energy.

It is expected that the Project results
in research and scientif ically valid
"weapon", motivation and strategy
fo r  l ead ing  the  o rgan i zed  f i gh t
against friction and wear, as a road to
achieve significant savings at the level
of national economy.

The obtained results ought to satisfy
the needed successfulness indicators,
both during the realization of the
Project phases and in the final score"
In that, it is especially imporrant that,
by realization of this Project, the con-

The consciousness about tribology as
a strategic subject and a cause that
may lead to retardation of the mo-
dern technological development has
caused the expansion of tribological
research in the world. As an example
can serve the data that by the end of
the eighties tribological research in
USA was done in about 90 institu-
tionswith financial support of over50
million US $ per year. In financing _
the tribological programs in this
country takes part about twenty go-
vernment organizations.

Generally, all present tribological re-
search can be grouped into four basic
areas with significant mutual over-
Iapping: materials, mechanical sy-
stems. lubrication and lubricants and
others.

In comparison to industrially develo-
ped countries we are characterized,
before all, by the following:

. Far larger energy consumption per
national product unit;

. Insufficient education in the area
of tribology;

. Lower level of application of the
exist ing t r ibo logical  knowledge;
and

. Lack of seriously organized, strate-
gically founded and financially sup-
po r ted  resea rch  p rog rams  o f
savings through tribology.

Such an undesired gap concerning
the developed world promises more

Tibologt itt ituluslry,, Volurne 19, N" Z, 1997.
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Project "Enerry Savings
Through Tribology"

ditions wil l be created for realization
of several Ph. D. theses submitted by
young researchers, as well as 3 M. Sc.
theses of assistants-probationers.

State of the art of the research in
the world and in our country

The quickly developing discord be-
t w e e n  t h e  p r e s e n t  e x p o n e n t i a l
growth of energy consumption and
l imi ted resources of  the pr imary
energy carriers, generates the global
problem of today and the future de-
velopment of the humanity. The de-
gree of systematic dealing with this
problem is directly related to the de-
gree of the countries' development.

In the highly developed countries
(England,  Germany,  USA, Japan,
Canada, China) the significant funds
rvere and are being invested into the
Iong term research st rategic  pro-
grams that have ers their objective to
identify the areas of the largest tribo-
logical sinks, to economically express
losses and potential savings, and to
define the main research-developing
and educational ways of obtaining
the estimated savings. Considering
the world experiences in this area, it
can be expected that paying the ap-
propriate attention to tribologr can
result in savings (ofenergetic charac-
ter)  of  up to27o of  thegrossnat ional
product. Up to 20 o/o of these effects
can be achieved without any signifi-
cant investments of funds.
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convincing potential (relatively ex-
pressed) effects at the account of im-
provement and application of the tri-
bological knowledge.

Program and plan of the project

realization work

The program of the project realiza-
tion is based on the idea that it is
necessary to cover the logical order of
mutually caused fields:

1. Identif ication of basic triboloeical
sinks,

2.  Fundamental  exper imenta l  re-
sea rch  o f  t r i bo log i ca l  mecha -
n i s m s  a n d  p o s s i b i l i t i e s  f o r
tribological improvement of ele-
ments of the tribomechanical sy-
stems stnrcture,

3.  Tr ibodesign based on research
from the previous group,

4. Diagnostics according to the state
of  the technical  systerns,  which
contributes to decreasing the ne-
gat ive t r ibo logical  ef fects and
which represents the source of
the return in format ion that  are
relevant for f ields 2 and 3, and

5. Estimation of the possible tribo-
logical savings and strategies for
their achievements.

The work on the enumerated areas
would be organized according to the
series of the corresponding activit ies:

1. Identif ication of the parts of tri-
bology that are significant for the
energy savings (as a basis for di-
recting the tribometric research)
and determination of main areas
in which the energy" is lost due to
tribological causes;

2. Investigation of the fundamental
mechanisms of  t r ibo logic i i l  phe-
nomena wi th specia l  emphasis on

frictior: ' ,vithout the presence of
lubricant and abrasive wear:

3.  Invest igat ion of  the machin ing
processes tribclogy in metal cut-
ting (tribologically advanced to-
ols and cutting fluids);

4. Investigation of machining pro-
cesses tribology in metal forming
(mach in ing  a t  ex t reme ly  h igh
pressures,  drawing of  s ta in less
sheet metal);

5. Investigations of the rrew tribolo-
gicai materiais and lubricants;

6.  Invest igat ions of  modi f ied con-
tact surtaces (hard lubricant coa-
tings, multicomponent coatings,
coatings obtained by the so called
cold PVD procedures);

7. Definition of tribological influen-
tial factors, init ial data and pha-
s e s  i n  t h e  d e s i g n  p r o c e s s  o f
technological systems;

8.  Tr ibological  opt inr izat ion in  te-
chnical systems design;

9.  Invest igat ion and choice of  d ia-
gnost ic  parameters of  technical
systems;

10 .  Deve lopmen t  o f  t echn i ca l  sy -
stems maintenance svstems ac-
cording to state;

11. Estimation of the possible tribo-
logical savings in corresponding
areas and proposition of strategy
for their realization.

Possible users of results

In estirnating the potential users it is
necessary to start frorn the u,orldwide
accepted fact that tribology, as a mul-
tidiscipl inary science and technology,
has the generic character, i.e., that it
eniiances many areas. Due to that,
the gain realized by irnprovement of
tribology, even when it is insignificant

!n one segment (e.g. in the company,
and even in the whole industr ial
branch), has the large significance at
the national level. This is why in the
world programs as these have a sound
of the national campaign, with the
aim to transfer the tr ibological
knowledge to the large scope of users
that is immanent to this area. Kee-
ping ourselves on that general level,
we consider that results of realization
of this project would be a valuable
help to the Program for rationalma-
naging of energXr (Program RGE) of
the Government of Serbia.

Investigations in 1996.

Investigations within the first year
were dedicated to activities aimed to
identiff those tribological areas that
are of the primary importance from
the energetic aspect in the broader
sense. Considering them, the seg-
ments can be separated which in the 

'

summary amounts represent the ba-
sic tribological sinks. The basis for
analyses, besides the existing availa-
ble data, will represent the experi-
mental measurements of the ratio of
the spent electrical energy and me-
chanical work. as well as the losses of
the tribological nature. A1so, the pre-
liminary fundamental investigations
were performed of the tribological
mechanisms that are the most impor-
tant from the aspect of tribological
losses, as well as the certain actions in
the area of the knowledce transfer
towards the users.

4B Tibologlt irt inclustry, Volurne 19, No 2,1997.
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tribo-mechanical systems and by slowing down the wear
process on their critical elements. From the total energy
that is spent in the production processes in industrY, for
overcoming the friction forces in tribo-mechanical sy-
stems is spent from 30 to 5070, depending on the type of
production. The phenomenon of critical wear of tribo-
mechanical systems elements is the main cause of stops
in production processes and replacements of worn ele-
ments of the production equipment by the new ones.

The structure of the possible savings through application
of triboiogical knowledge in industrial systems is shown
in Fiqure 1.

Figure 1. The structure of possible.sauings in industry
through application of tribologt

By slowing down the wear process through application of

the modern procedures for improvement the wear resi-

stance of the contact surfaces of tribo-mechanical sy-

stems elements, and by use of the optimal lubricants, the

costs of maintenance and replacements of the wom ele'

rnents by the new ones, are greatly reduced (44Vo), as well

as the costs of production processes stops (22.57o), and

Productivitv Problems of Industrial
Svstems

The problent of indtuuial systents productivity can be solved in several ways by applicatian of knowledge from
numerous areas of science and techinlogt. One of possible, very effective approaches, is based on application of the
uisting, and continuotu develoltnrent of tlrc new tibological l<nowledge. Tibologt is, for the long time now, being
cotsidered, in tlrc industially developed w,orld as one of tlrc kinds of new technologies, whose application does not
require great investntents into tlrc new corrtputerized equiprnent, but on tlrc other lnnd, it enables significant increase
of productiviry and reliability' of productiott and trattporlatio,t ,*sten$.
Key w o r tls : n i! t o I o g,', p ro du c t i v i ty, r e I i a b il i t y, it t d u s ti a I sy s le t r t.

Tribological Approach to

l . INTRODUCTION

Productiviry, reliabil i ty and production costs in industrial

systems depend, largely, on intensity of development of

tribological processes in the contact zones of numerous

tribo-mechanical systenrs, that are contained in produc-
tion equipment on rvhich the manufacturing processes

are being realized.

Tiibology is, in industrially developed countries, being
grouped into the category of the new fypes of technolo-
gies, bywhich the increase of production systenrs produc-
tivity is ensured, as well as the significanr increase of
production processes reliabil i ty.

Introduction of the new technologies into industrial sy-
stems requires, as a rule, investment of large financial
resources, that are being returned in the relatively short
or longer time periods. However, the application of tri-
bology as a science and as a lype of the new technology
makes possible for the increase of production efficienry
of the industrial systems without larger investmcnts into
the product ion and other  equipnrent .

By application of the tritrological knori ' ledge in practice,
and by continuous researcir to acquire nerv knorvledge of
this type, the national gross product is increased in indu-
strially developed countries for 1.3 to l.6oio annuallv
(between 300 and 500 dollars per capita per year).

Increase of industrial systerns productivity and produc-
tion processes reiialri l iry is basically possible to realize,
by lowering the friction in tire contact zones of numerous

Professor Dr. Itrg. BratlAo lvkovit,
Faculty of Mech a ti ca I Ii t r gi t t t: e ri t tg
Sestre Jarji6 6, W31000 Kragujevac, \'ug,o.slavia
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costs of investments into the new equipment (197o), dut:-

to increase of the working Iife of the existing equiprrrcnt.

Through application of the tribological knowledge the

enerry costs are significantly reduced (5.85%), as well as

the lubrication costs ia37o) and live labor costs (1"3Vo).

Productivity of industrial systems increases with decrease

of production costs. Decrease of stops in the production

processes, due to increase of the producticn equtpment

working life, aiso affects their reliability. The tribological

approach to proctuwi ty  problems based on these

grounds.

2. TRIBOLOGICAL PROCESSES IN
INDUSTRIAL SYSTEN{S

Production processes in industrial systems are realized
on production and other equipment with consumption
of material, energy- and human labor. The production
equipment consists of machining systems in which the
machining processes are realized through some kind of
existing machining processes (cutting, drawing, uncoll-
ventional procedures, welding, mounting, etc.). In ma-
chining systems are realized all the necessary movements
of tools and material in order to realize the machining
process, namely to manufacture the basic rnaterial into
semi finished and finished products. Machining systems
are functioning through numerous tribo-nrechanical sy-
stems (TMS), which can, in one machining center, be as
many as several hundreds (classical machine tools) or
several rhousands (complex CNC systems), In tribo-me-

chanical systems, in which occur ttre power and motion

transmissions" guiding of machine elements along cer'

tain trajectories and the information transmission, and

in which are realized the macliining processes (cutting,

drau'rng, etc.), there exist and are developing, during the

mlnufacturing processes. also the tribological processes

(tire prt,cesses ol friction and wear).

Tribological processes are developing in the contact zo-

nes of tribo-rnechanical systems elements, depending on

the conditions of the contact realization, as well as on the

nature of the contact layers of both elements in contact'

Regardless of the complexity of the machining system

(e.g. rnachine tools) their wori<ing life and reliability of

its work depend on intensity of the wear process deve-

lopment and magnitude of the friction force in the con-

tact zones of the numerous tribo-mechanical systems

through which the machlning system is functioning'

Ti'ibo-mechanical systems contained in manufacturing

and other equipment in industrial systen$ are various

and they differ by tbrm and size of elements that make

them, as well as by function that they realize in the

production process. However, tribological processes

(processes of friction and wear) are developing in basic

f ribo-mechanical systems always with the same structure

and way of fuiictioning.

In Figure 2 arc shown three tribo-meclianical systems

th:rt are present in machining systems in which the metal

cutting is perfornted, and which differ both by function

and by size of contact elements.

\

I

Ltgurc 2. Erattryllt:s of lhc Iribo ntcr:itatical s1'stcrtis
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The basic tribo-mechanical systems differ by conditions
of contact realizatic'rn (outside loading, sliding velocity,

contact zone temperatures, contact surfaces roughness),
nature of material of solid elements in contact and lubri-
cants.

The need for maintaining the production and other
equipment (existing of the mainta ining service) and stops
in production processes due to failures of production
equipment, or due to necessity for substitution of worn

tools by the new ones, are the consequence of the wear
processes that are developing, during the production
processes, in the contact zones of the basic tribo-mecha-
nical systems. The application of lubricants of various
kinds in industrial systems is the consequence of the need
to reduce the friction (to reduce the energy consumption
per product unit) and to slow down the wear process in
the basic tribo-mechanical systems.

It can be concluded that, by control of tribological pro-

cesses that are developing in the contact zones of the
basic tribo-mechanical systenrs, one can control the great
deal of the production costs in the industrial systems.

3. PRODUCTNTITY OF INDUSTRIAL
SYSTEMS

Productivity of industrial systems is defined, as it is well
known, as the ratio benveer.r of the realized added value
and costs that are realized during the same time period:

^ OUTPUT
II'iPUT

where: TM are the material costs,
TR are the labor costs (the gross wclrkers wages),
TA are the tool costs,
TPO are the production equipment costs

(amortization),
TE are the energy costs, and
TO are the other costs, which can also be

divided into their elements.

By this approach to identification of the industrial sy-
stems productivity structure in 1988. was performed the
comparison of individual types of realized production

costs reduced to the added value unit, namely reduced
to one dollar of added value in automobile industry of

USA and Yugoslavia. The enerry costs were in the USA
automobile industry twice smaller than in the domestic
automobile industry. The labor costs (direct and indi-
rect) were approximately equal in both countries with
average gross wages in USA being 6 to 8 greater than in

Yugoslavia.

4. PRODUCTTVITY AND TRIBOLOGY

By analysis of partial productivity indicators of industrial
systems and structure of possible savings in realization of
production processes, by application of existing tribolo-
gical knorvledge, one can come up to the conclusion that
the productivity of processes depends greatly on intensity
of the tribological processes development, in the contact
zones of the tribo-mechanical systems, throughwhich the
production and other equipment are functioning.

The cutting process, for instance, is being realized in the
tribo-mechiinical system that consists of the tool, the
machined piece, and the coolant and lubricant. The tool
costs, the part of the machine, labor and energry costs,
depend on the intensity of the tribological processes that
are developing during the machining period in the two
basic tribo-mechanical systems, Figure 3.

The value of consumed energy in the machining process,
the generated heat in the cutting zone and intensity of
the tool wear, depend on the magnitude of the friction
force in the contact zones between shavings and the tool
front surface, zrnd the tool rake surface and the machined
surface of the working piece.

The tool wear intensity affects the tool rvorking life, the
part of the labor and production equipment costs, and
total tool costs.

This means that the solution of the productivityproblems
in industrial systems, in which the production process is
being realized, is reduced, partly, to the problem of
reducing the friction force and the wear intensity in the
main tribo-mechanical systems.

Partial productivity indicators of industrial system, that
are related to productivity (costs) of the production equ-
ipment, labor and energy, are the function of tribological

D V
UTP

where: OUTPUT and INPUT are the output and the
input value into the industrial system, respecti-
vely, and
DV and UTP are the added value and the total
producticrn costs realized in the industrial sy-
stem in the observed time period.

Productivity of industrial systents is considered, as a rule,
by application of the reicprocal value of the productivity
indicator, i.e.,

1 UT-P
l t =  D ,

due to the possibil i ty of identif ication of parrial indica-
tors that are related to individual gpes of production
costs reduced to the added value unit. If, for instance, in
the analysis of the realized production process producti-
vity, in certain time period, one wants to notice the
possibil i ty for its increase in the next period, the recipro-
cal  va lue of  product i r , i ty  is  def ined as the sum of  the
partial indicators, i.e.,

1 UTP TIvl TR 
'IA 

TPO TE OT
+ - +

P  D V  D V  D V  D V  D V  D V '  D V

Tibologt irt itulustry', Volurle 19, Nu 2, 1997.
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Figure 3. Tiibo-rneclnnical systent in tlte metal cutling

processes in the basic tribo-mechanical systems in which
the contact is being realized between the two solid ele-
ments in the presence of lubricant.

I  T R + T P O + T A + T E

OV 
= l ' ( t ' tJ t )  =

= F (tibological characteistics TIIIS )

In industrial systems, in which the production process is
realized by other types of metal machining (forging,
metal sheet forming, welding, etc.), the productivity also
depends on the character of the tribological processes in
the contact zones of the corresponding tribo-mechanicai
elements. The magnitude of the friction force and the
wear intensify in the contact zones of the basic eleurents
of tribo-mechanical systems depends on:

. adhesive.

r abrasive,

. fatigue, and

. tribo-chemical processes in the contact layers of ele-
ments in contact.

The knowledge of the friction and wear theories, by
which are these processes analyzed, can contribute, to a
great extent, to creating the conditions forincreasing the
productivity of industrial systems. The correct applica-
tion cf these theories in industrial practice enables the
reduction of the energy consumption in the production
processes, reduction ofproduction costs, and increase of
the productivity of the system as a whole.

The tribological approach to problems of increasing the
productivity of industriai systerns is based on the follo-
wing:

. application of existing and clevelopment of the new
methods for data acquisition on tribological charac-
teristics of tribo-mechanica! systems elements and for-
ming of the tribological data bases,

. chcice of optimal tribological coatings on tools and
other elements of the tribo-mechanical systems,

. choice of optimal cooiants and lubricants of all kinds,

. application of existing tribological knowledge in all the
phases of the production process.

it is very importani to always keep in mind that tribolo-
gical processes and their consequences play an important
role in all the phases of production, starting frnm the
product design and production processespreparation, all
the way up to their realization.

5. CONCLUSION

The costs cf energy, production equipment, tools, lubri-
cants of all kinds and direct labor in industrial systems,
can not be reduced without application of existing tribo-
Iogical knowledge and constant development of the new
knowledge in this area of science and technologl.

Tiibology, as a kind of nerv technologry, does not require
large investmerrts into tire new production equipment,
but with application of tribological knowledge the wor-
king Iiie of the existing equipment is increased, as well as
the efficienry of the production processes, namely the
productivity of the industrial system as a whole is being
increased.

The tribological approach to productivity of industrial
systems is fundamentally, based on studying the proces-
ses aird phenomena that are developing in the contact
zones of the basic tribo-mechanical systems, namely in
the contact zones of the hvo solid elernents in the presen-
ce of the lubricant as the third element of the system.
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D. MKOLIC

Friction and The Development
of Technological Processes of Metal
Forming by Deformation

l . INTRODUCTION

Contact (external) friction in the processes of metal
forming by deformation essentially differs from the fric-
tion in kinematic machine couples. Pressure, temperatu-
re, sliding (relative movements) rate, physical/chemical
properties of the contact iayer etc. in the process of
forming by deformation change constantly, some-times
very suddenly, both in time and space. Contact friction is
one of the main factors determining boundary conditions
of technological processes of metal forming by deforma-
tion (forging, extrusion etc,). as well as energy and defor-
mation parameters of these processes. Depending on its
arrangement, intensity etc., contact friction can signifi-
cantly increase possibilities of technological processes of
metal forming by deformation, but it may also signifi-
cantly reduce or even completely hinder them. Such
effect of the contact friction, as well as significant quan-
tity of energy spent for mastering them etc., imply a need
of research into possible nerv technological processes
where the technological l imitations wil l be lessened or
gradually eliminated, power consumption reduced, qua-
lity of impact-extruded parts aud machinabil ity increased

The paper describes some possibil i t ies of solving these
problems, primarily by using the so-called active effect of
the friction forces in the technological processes of metal
forming by deformation.

nnnn
T

Contact friction, due to a seies of its specific features and effects irt tlrc conditions of plastic deformation of one of
the cotrtponents of tlrc contact couple, has an etceptional influence on the technologicai process of ntetal fomting
by defonnation. Tlrc paper descibes sonte of tlte possibilitiu, beaing in nind all basic featurcs of this type of fictiott,
enabling by nteans of trarcfonnation of negative (reactive) into positive (active) effects of the fiiction forces, first of
all by change of ilttettsity (increase in particular) and directiort, achieventent of higher quality of intpact-extruded
parts, better utilizatiort of blank nnteials, higher die life, reduced nuntber of opet'ations, higlrct' nwnufactuing rate
etc., in otlrcr words sigificant econornic effects.
Kqwords: fiictiott, contact, clefonnatiott, technological process, nnchining, active, reactive, effects.
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Professor Dragorn-ir Nikolii, PhD
Faculty of Mecharical Etryirrcering, Ileograd

Tibologt irt irtdustry, Volume L9,N" 2,1997.

2. BASIC NOTIONS AND DEFINITIONS

Differing frclm the contact friction in machine mecha-
nisms, when the components (parts) of the friction cou-
ple are plastically deformed (relatively rigid bodies), the
friction in the process of forming by deformation appears

between components of the friction coupie (impact-ex-

truded part and tool) where one (most frequently) or
both components are plastically deformed. Such friction
is called deformation friction.

In the processes of forming by deformation the stimulus
of the contact friction can be the tool of a part of the
impact-extruded piece material. There is a positive influ-
ence of the contact friction in these processes, for exam-
ple at t ightening the ends of the sheet metal during the
drawing operation...However and regretfully, their nega-
tive effect is much more frequent, for example at extru-
sion on side surfaces of the impact-extruded part etc.
Depending on the technological conditions of the pro-
cess, both active and reactive effects ofthe friction force
can be both positive and negative, i.e. there are four
possible cases: positive - active; positive - reactive; nega-
tive - active and negative - reactive. Whether the friction
forces effect is positive or negative is determined by the
content of the technological process, but the activity or
reactivity of their effect is conditioned by the diagram of
effects of friction forces within limits of the considered
part of the contact surface. Very important is also the
notion of the degree of performance of activity and
reactivity of effect of the friction forces, which depends

on intensity of relative speeds at the contact point.

E---
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For example, in the case of forging in separate tools, the
friction at the rim channel point is reactive, bi:, i t is
reactive - positive till the filling-up of the tool cavity,
while immediately after that it becomes reactive - nega-
tive, because it hinders leak of the impact-extruded part
material into the rim and increases euergy consurnpiion
within the process even up to 30-50Vo with respect to the
total enerry required for deformation [1]. To reduce this
effect and increase the die l ife the principle of replace-
ment of the slide friction by the so-called "separation
friction" is used, i.e. the tool design is enharrced by wii ie-
ning the rim channel bridge which will provide for the
rim separation at the beginning of the final stage of
forging, i.e. at the beginning of additional forging. Ex-
pansion of the rim channel can be done at one or at both
sides by flat or curvil inear surfaces. There are numerous
practical solutions.

3. DEVELOPMENT OF TECHNOLOGICAL
PROCESSES WITH ACTWE EFFECT OF
FRICTION FORCES

In ti le conventional technological pr-cesses, the reduc-
tion of negative effects of the contact friction, and the
said l imitations, are achieved mainly by reduction of its
intensity by means of lubrication. However, in the deve-
lopment of new technological processes all possibil i t ies
of transformation of negative effects of friction forces
into positive effects are used. primarrly by the change of
their direction, intensity (increase in particular) and eli-
mination of use of lubricants. It must be kept in rnind
that, depending on the technological conditious of the
process the effect of the friction forces (both positive and
negative one) can be at t imes active (enhancing the
progress of the process) and at another reactive (hinde-
ring the progress of the process) or the combination of
the two.

Complexity of elaboration of new processes is connected
rvith the following major features of defornration fric-
tion:

i) There are different friction conditions at varic-rus con-
tact surfaces between the impact-extruded part and the
tool and consequently there are various conditions for
fi l l ing the tool cavities etc., as well as changes of nume-
rous process characteristics. For example, during the
tbrming in separate tools unti l and after the contact of
side surfaces of the irnpact-extruded part and the corre-
sponding surface of the tooi holes, appears a sigr:if icant
difference in deformation and fi l l ing of tool cavities. So,
as shown in the example in Fig. 1, the contact of the
impact-extruded part and the side sur{ace of the tool in
the point C results, among other things, in a nore diff i-
cuit f i l l ing of some recesses in the tool A.
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Fig. 1.

ii) In the deformation technological processes there can
exist any friction mode: dry, semi-dry and hydro-dyna-

mic, These modes can exist both separately and one at a
time, but they can also exist all at the same time, in the

same technological process, or can transit one into anot-

her in various stages of the same technological process,
at the same or at different parts of the impact-extruded
part volume. Model of the friction mode and transition
from one into another mode is shown atFic..2.

Fig. 2. Diagratn of depetde nce of the spccific slrcar
rcsistance and dSnatnic viscosity [1J

The figure shows curves in a coordinate system: shear
resistance l?r, - dynamic viscosity ry. It is easily noticed
that all curves show a steep decline till F6s1,1i11, when the
viscosity of lubricants is optimal, i.e. corresponds to the
transition into hydrostatic friction mode, and then they
show growth at viscosity higher then optimal. At infinite
viscosity, the specific friction force F" is determined by
the shear resistance ofthe contact surfaces developed in
the mass of one of these contact surfaces, as a result of
the fact that one of them has a lower shear resistance, An
important parameter, influential on the friction con-
ditions, is the lubrication coefficient of the surface

k:AplAt+

wbere: Ap - area of the Iubricated surface (separated
by the third medium);

Au - total friction surface.

Values of tiie coefficient k for different friction modes
are slrown in the Fic. 2 and'rre located within the interval

,/ ,/(a"

hrr &rz l3e3 '1i;r'visl''f*"'{
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0<k<1, where f.or k:0 it is the dry friction and for ft=1
hydrodynamic frictio n.

iii) As the generalizing parameter, characterized by the
intensity of contact friction, is considered the specific
friction force d, i.e. friction forces at the unit of nominal
area ofcontact surfaces, or the shear resistance.Fo' It is
considered as completely established [1] that the friction
coefficient equally depends on: the material of the rub-
bing bodies and the lubrication mode; shape of friction
foci (dimensions of contact surfaces, geometrical shape,
mainly, the ratio of contact surfaces and parameters of
the third medium); friction conditions (temperature,
contact pressure, ternperature field in the thin surface
layer). Friction coefficient ofone contact couple changes
within a wide range; thus, for steel rubbing over steel it
changes within 0.05 - 0.8 range [1]. The type of material
affects the value of the friction coefficient less than the
external conditions.

iv) The lubricating layer in forming by deformation is
understood not as moving liquid or adsorbing thin layer,
but as presence of a third mediurn between two mutually
movable surfaces of solid bodies, one of which is defor-
mable (the impact-extruded part) and the other non-de-
formable (the tool). The lubricant can be the medium
with a viscosity varying from zero (dry friction in the
vacuum), dry friction in the gas media (gas lubricant) and
liquid, whose viscosity ranges within the boundaries of
several Pascalseconds up to infinity. In the last case, the
lubricating layer is understood as the third, also solid,
body.

4. SOME TECHNOLOGICAL PROCESSES
WITH ACTI\'E EFFECT OF THE
FRICTION FORCES

Successful completion of technological processes of for-
ming by deformation rvith active effect of friction forces,
with respect to all above given comments. can be achie-
ved: by definit ion of the corresponding technological
process diagrams; by design solution of the correspon-
ding tool; by investigation into possibil i ty of achieving
these processes on conventional (existing) machines and,
if necessary, by definit ion of technical-technological
characteristics of the required machines. Here are some
examples:

4.1 Extrusion and active effect of friction
forces

Application of the conventional extrusion in cold state
has some very import:rnt limitations:

i) die life (primarily of the punch) is frequently insuffi-
cient for this process to be economically more appropria-
te compared to the other ones. 'I 'he principal reason for
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that are high specific pressures occurring in the process,
having the value which in many cases exceeds the value
of the impact-extruded part material flow stress. Thus, in
the cases rrf extrusion of impact-extruded parts of medi-
um carbon steels in cold state, the pressure ranges within
2000-25000 MPa which considerably hinders extrusion.

ii) Disruption of continuity of the lubricating layer, ha-
ving as a consequence sticking of the impact-extruded
part material to the punch (when hollow pieces are
produced), increase of the friction and extrusion forces
and formation of scratches at the internal surface of the
impact-extruded part and during its removal from the
punch. All that results in the lower quality of the impact-
extruded part.

ii i) Significant reduction of the impact-extruded part
material leak rate, resulting in decline of machinability
and cost-efficiency. Leak rates exceeding certain values
are, together with friction effect, the principal reason of
deficiencies at impact-extruded part surfaces.

Some possibilities for utilizing the active effect of the
friction forces in technological processes of forming by
extrusion are shown in Fig. 3 and 4, i.e. in Fig. 3 for
forward extrusion in forming solid pieces and in Fig.4 for
bachvard extrusion at forming hollow pieces,

Fig. 3a shows the diagram of the conventional forward
extrusion process. The process runs in the conditions
where the friction forces FT at side surfaces of the con-
tact between impact-extruded part 1 and the tool 2

Fig. 3 Diagrant of the teclutobgical process of ertntsiort

oppose to the process evolution. The same happens at
the tapered part of the die, but these friction forces have
mutually opposite directions and act radially, i.e. they are
directed towards the larger diameter, while at the surface
of contact between the front plate of the punch and the
impact-extruded part they are also mutually opposite in
direction, but oriented towards the smaller diameter, i.e.
towards the axis of the impact-extruded part. The last
case is particularly interesting, as under the effect of
friction forces at that surface and existence of the axial
flow of the impact-extruded part material, its separation
from the frontal surface of the punch can occur. The

l F
_t

1,,
I

E--.
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main deficiency of the conventional fonvard extruslon,

although the most frequentlv used in productiar,, is a

relatively low limit rate of leak of the impact-extmded
part material, primarily due to unfavorable effect of

friction forces on the complete contact surface behveen

the impact-extruded part and the tool, and due to very

large shift of the impact-extruded part material with

respect to the die. The series of impact-extruded part

surface deficiencies is the direct consequence.

If the die has two parts, 2,47 and Trp and if the part 7,11

is mobile along the direction of effect of the friction

forces, the extrusion process will remain the forward

type, while forming of the impact-extruded part is achie-
ved with reduced relative movement of the impact-extru-

ded part with respect to the die partTal which enables

an increase in the limit leak rate of the impact-extruded

part material. If the external force F74 acts on the part

T,ql n the direction of the punch motion, then there are

two possible outcomes. The first, where the movenent

of the part Z7; is equal to the movemenr of the punch,

due to which the relative movenrent of the impact-extru-

ded part and the die part wil l almost completely disap-

pear, and along with it there wil l be no elimination of the
friction force on the contact surface betrveen the impact-
extruded part material and the part of die Ta1 . In that
way, in this case, the so called incomplete uti l ization of
the active effect of the friction forces is achieved, but also
the increased rate of leak of the impact-extruded part
material without the danger of appearance of sui{ace
deficiencies. The second outcome. where the full active

effect of the friction forces is achieved by the fact that the

rate of movement of the T I 1 pLrrt of the die is higher than

the rate of  the punch, i .e .V7l  > V1 (Fig.3c) .  At  the s ide

contact surfaces of the impact-extruded part material
and the die part Tn1 acts the active friction force, so that
a significant increase of the leak rate V;, is possible, and
arcordingly the increase in production rate, too. It was
established by experimerrts that the extrusion process
with this process diagram has a characteristic optirnum
value of kinernatic coefficient K*=1.4-1.6 [2]. The kine-
matic coefficient for this extrusion is equal to the ratio of
rates of movement of the die partT.41 - i/12 and the rate
of punch movement V1, i.e. Kp = V7r1 I V1 .

Extrusion with the active effect of the friction force and
the above described process diagram provides for: in-
crease of the leak rate (for se',,erai t imes) with respect to
the conventional process and, accordingly, t ire corre-
sponding increase in machinabi l i ty ;  increase of  the coef-
ficient of uti l ization of inrpact-extrudecl part material;
reduct ion of  the unevenness of  defornrat ions rnd mecha-
nical properties of the irnpact-extruded part in longitu-
dinal and transversal direction; elimination of the neces-
siry of use of lubricants; provision of the appropriate
directions of the impact-extruded part material f low wit-
hin the volume to be deforrned; formatiitn of required
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deformation core; intensification of the technological
process and, what is particularly important, an increase
of the die life ancl reduction of the deformation resistan-
ce. Briefly, the use of active effect of the friction forces
can create an efficient replacement of conventional tech-
nological processes. with increased techno-economical
parameters. The Fig. 4 shows some diagrams of techno-
logical extrusion processes in machining the hollow im-
pact-extruded parts. The diagram of the conventional
process is shown in the Fig. 4 a). In that case, the die M
and lower punch 14 are immobile and only the upper
punch 1, is mobile. Other principal diagrams are shown
in the Fig. 4 b), c) and d), i.e.: Fig. 4 b) - diagram where
the upper punch ,I, is immobile, while the lower punch ft
and the die TA are mobile; in the Fig. 4 c) the die TA is
immobile and the lower - .I4 and upper - 16 punch are
mobile, and, finally, in the Fig. 4 d) the lower punch - /4
is immobile and the upper punch -,[, and the die TA are
mobile. In all diagrams the directions and vectors of
rates, friction forces and respective external forces are
shown.

Fig. 4 Diagram of the technological process of u.trusion
of hollow itrtpacl-exlruded parls

Besides the presented ones, the possible alternatives are:

1) the die moves - TA only under the action of friction
forces. i.e, there is no effect ofexternal forces on the
die, that is when FTa:O.

2) die moves under the action of external forces on F71.

The simple conclusion is that there can be several tech-

nological process diagrams for the forming of the same

impact-extruded part. At the free motion of the die only

partial reduction of the friction forces on the tool-im-

pact-extruded part contact surface can be achieved, i.e.

the incomplete active effect of friction forces can be

obtained. The full active effect of the friction forces can

be achieved either by a forced movement of the die in the

direction of leak of impact-extruded part material, at the

rare V7n > 2,3 (Fig. 4 b) or by simultaneous movement

of both the upper and the lower punch in the direction

opposite to the direction of leak of impact-extruded part

material, where the rate of the lower punch - V6 islower
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than the rate of the upper punch - l '4 (Fig.4 c). If the
rates V7n or VJ1 are higher than the rate of leak of the
impact-extruded part mzrterial - Z;, then there is an active
effect of friction forces at the part of surface 1-5. How-
ever, if the said rates zrre equal, the active effect of the
friction forces wil l exist only at the part of the surface 3-5,
and they decline up to zero at the part of t l ie surface 3-4,
while at the surface 6-7 and the frontal surface 7-8 the
friction forces have reactive character (friction forces
and leak rate vectors do not coincide).

Results of the extrusion are, basically, defined by their
boundary conditions: kinematic coefficient Kp=V6l V;,
and specific friction force at the contact surface of the
die and impact-extruded part material F, where

0 .2  F8=  F / ' 3  F "

and : 2,, is the relative rate of movement of the
die and the impact-extruded part,

V;, - the rate of leak of the impact-extruded
part material;
Y ' : l t l ( ]  - e ) ,

Z- extrusion rate,
€ -  degree of  deformat ion;
.F* - l imit value of the force determined by- 

the l imit value of the shear stress of
the impact-extruded par t  mater ia l .

The optimum value of the kinematic coefficient is within
the intewal 1.05 < Iir < 1.3 [3].

Extrusions with the itctive effect of the friction forces

Fig. 4) are recommended for the fornation both in the
cold and hot state of t ire impact-extruded paft material,
and also both rvith and rvithout the lubrication. Extrusion
in the hot state without the lubrication, alt irough it enab-
ies achieving of the full active effect of the friction forces,
should be avoided because of diff icult ies at removing the
impact-extruded pair from the tool. It should be empha-
sized that some research results indicate that the reduc-
tion of deformation resistance of up to 30Vo, aswell as
an increase of the die l ife for 2-3 times, and significant
economic effects can lte obtained 3.

4.2 Several special cases of 'ut i l ization of the
active effect of the friction forces

Utilrzation of technological processes with the so called
moving die offers very wide possibil i t ies. In many cases
they provide for the recluction of the number of for-rning
operations"

For example, the process sho$'n at the diagramint Fig. 5
a) provides for the forming to be achieved during forging
operation on horizontal forging presses and at the ri it io
of l/d of even up to 4 (ihe conventional process can
achieve 2-3,1 -  is  the ie  ngth of  the b lank porr ion which is
formed and d is its diameter). The diagram of the process
shown in Fig. 5 b) enables holciing irnd cenrering of the
blank without prior contlt lession made in order to elimi-
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nate tapering of transversal surfaces with respect to the
blank aris, occurred at its cutting, i.e. it enables elimina-
tion of one operation. It is particularly appropriate in
fornring rather complex parts, for example the ones with
variable longitudinal diameter, rvhen several operations,
turning of the impact-extruded part etc. can be elimina-
ted.

Fig. 5 Diagrant of some teclmological processes
witlt tlrc ntoving die

Specific and at the same time very important possibilities
are offered by the application of moving dies in forming
in closed tools. Namel/, the complexity of the construc-
tion of closed tools is caused by the necessity of existence
of an excess blank volume compensator in the final
forrning stage from the semi-finished part with positive
tolerances of diameter and length. Non-existence or un-
favorable solution of the compensator in such tools re-
sults in the formation of rims on the frontal surfaces of
the forging, which may cause damage of the die. It is
known that, from the moment of contact of the impact-
extruded part and the side surfaces of the die recess, the
friction forces hinder fi l l ing of the part of the die recess
A (Fig. 1), facil i tating fi l l ing of the part of the die recess
B. It is recommended for the design of closed tools that
the compensator is placed at the point which wil l be the
last f i l led by the impact-extruded part material. In that
case, at the moment of approach of the impact-extruded
part material to the compensator (K, Fig. 6), part of the
die recess (B) rvil lbe already fi l led up, so that the impact-
extruded part material wil l start to penetrate the small
gap benveen die palts 3 and 4 and wil l fonn a rim on the
frclntal surface, which wil l grow as long as the cornpensa-
tor is being fi l led (due to the increase of pressure in the
die recess). Prevention of formation of the frontal rim
can be done in flvo ways: The first is to previously form
the irnpact-extruded part in a special tool, wherein a

) - +J-1- I

+ l\.\li4J
N N - . /  i
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t4 F++\\ I
K N i N , I-*!rq-.r\

E-.

Fig. 6.
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distribution of mass must be achieved which will provide

for all parts of the recess to be filled at the same time

during the forming in closed die. The second way is t<.r

provide for the same conditions of the impact-extruded

part material leak both in the upper and in the lower part

of the die recess, i.e. to provide the same direction of

action of friction forces on the side surfaces of the die

part 4. This, again, can be achieved in two ways: 1'

forming is to be achieved with the backward movement

of the die parts 1 and 2 and immobile die part 4; and 2.

fonning in the die with unfixed die part 4 (..e. mobile in

its axial direction). In the last case, the die part 4 moves

under the effect of friction forces, preventing formation

of the frontal rim and provides for an active effect of the

friction forces (partial uti l ization of the active effect of

the friction forces).

5. CONCLUSION

On the basis of the above presented, but also on the basis

of other information from the l iterature, the following

can be concluded:

i) Development of some new technological processes of
metal forming by deformation can be based on re-
search of deformation friction and on the grounds of
these research works possible diagrams of this pro-
cess  can  be  e labo ra ted ,  wh i ch  w i l l ,  bes ide  o the r
things, provide also for: higher quality of impact-ex-
truded parts, higher uti l ization of impact-extruded
part material, longer die l ife, higher production rate

ii) Solution of the complex influence of the contact fric-
tion in the technological process of forming by defor-
mation basically consists of a rational connection of
the reduction of negative influence of the friction
and in the transformation of, mainly, reactive effect
of the friction forces into an active one. Although
such solutions can be used only in specific stages of
the process and only on some parts of the contact
surfaces between the impact-extruded part and the
die, excellent technical and economical effects can
be achieved.

iii) Implementation of elaborated diagrams of technolo-
gical processes of forming by deformation with the
active effect of friction forces is possible only by use
of specially designed tools and, most frequently, on
nrul ti-operation machines.
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The Effect Of Nitriding and
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in A Diesel Engine

Tlrc paper gives a review of a selectiott of nntetial, i.e. nrutetial nntcling, for tappetlcant pair in a diesel engine
tinting shrce tlrc wear resistance and endurattce of tlrc obsened nibo pair depend on the proper nntchbry of
mateials. Tlrc taken exantple, tappetlcatn of a diesel etryine, illustrates tlte bnporTance of lnrdening procedure and
ntateial nntclbry atul describes sotrte darnages (failures) tlnt rriglt occur dwing engine operation. Tests have
proved that clilled grey iron tappets offer tlrc best exploitation (sentice) clwructeristics (tlrc lowest wear aml lte ligltest
scuffing resistatrce). For tuts petfonned on a ligbspeed tliescl engine tlte autltor used a contbination of plasma
nitided tappets rnated witlt carwhaft wlnse cant luve been clilled. Tlis contbination applied in an engine poweing
a velicle has given a vety good petfonnattce attd proved to be rcliable wliclt is rtot tlte case wlrcn gas ninided tappe*
are in questiott.

Kqwonls: nruteial tnatclitrg, ttitiding wcar, scuffittg valve tappet, canulruft.

l . INTRODUCTION

Modern technical development imposes more stringent

operating conditions on machines and engines. The in-

tensification of operating processcs in machines and

engines is connected mainly with speed and load increase
ant the reduction of mass (weight). When engines are in

question the tendency moves towards continuous increa-

se of specific power, meaning that Ievels of mechanical,

thermal, aerodynamic and hydrodynamic stresses of ma-
ted components are considerably increased which again
increases the probabil iry of failure due to wear and fati-
gue, Tests [1] have shown that 80Vo of all tribologic
problems encountered in machine building industry is
attributed to sliding and roll ing elements, one fourth of
which goes to wear. The wear can have much gleater
effect on material fatigue than stress concentration alt-
hough nominal stresses are of relatively low level. The
excessive wear of engine components disturbs normal

engine runniag, increases fuel/oil consumption, increa-
ses vibrations, noise and exhaust gas emissions. So, for
example, the excessive wear of cylinder/piston engine
assembly increases air pollution by 25Vo [2]. The most
common types of wear "adhesive wear" and "contact
fatigue" are respectively identif ied as scuffing and spal-
l ing in tappeVcam functioning [3, a, 5].
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Adhesive wear occurs when metallic surfaces in relative

motion are either in contact without lubrication or where

boundary conditions are obtained. Under these condi-

tions wear wil l occur by adhesion in the junctions and

subsequent shearing of these welds, and also by "ploug-

hing" due to the displacement of the surface of one part

by the asperities of the wear. Scuffing is the surface
damage due to welding and ploughing, frictional wear as

the loss of metal resulting from these two factors, and

seizure is the ultimate stoppage of motion when the

friction fclrce can no longer be overcome. Any treatment
which may be effective in combating scuffing may there-
fore also combat wear and seizure.

There is sti l l  no unique approach to the adhesion mecha-

nism process - scuffing. It is however, considered that, for

the realization of a tighter bond, adhesion between
atorns, on mating surfaces in a cold state, the absence of
any fype of film is essential [1]. Since there is always a

film, either oil or oxides or other impurities, on metal

surfaces it is necessary that stresses reach a certain value

in order to destroy such film. For metal particles adhe-
sion their mutual solubil ity in a solid solution of mated
metals is of utmost importance. The better the solubil ity

the greater the inclination to adhesion-scuffing. The
scuffing usually occurs at such spots where contact stres-
ses are excessive as is the case of tappet/ cam pair in an
internal combustion engine. Therefore when selecting
materials for cam and tappet a great attention must be
paid to their possibil iry to match (mate) since the relia-
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bil iry and endurance of such tribo pair wil l depend o:i the
right choice [6].

Contact fatigue is a thtigue-cracking phenomen associa-
ted wilh high Heruian contact stresses at the mating
surfaces, which leads to "spall ing", pitt ing, f laking, or
delamination of surfaces. Therefore pitting is the failure
of a surface, manifested init ially by the breaking-out of
small roughly triangular portions of the material surface.
This failure is primarily due to high stresses. Fatigue
failure is init iated at a point below the surface where the
highest combined stresses occur. After init iation a crack
propagates to the surface, and it may be that the sub-
sequent failure mechanism is that the crack than beco-
mes fi l led with lubricant, which helps to lever out a
triangular portion of material. Heavily loaded surfaces
will continue to pit with increasing severiry with time.
Pitting is affected by the size of contact (shearing) stres-
ses, properties and microstructure of mating surface con-
tact faces, as well as by the type of lubricant.

Under high stress concentrated corrtact conditions typi-
cal of cam / tappet interfaces, the classically deterrnined
hydrodynamic lubricant f ihn thickness becomes very
smail. approaching the fypical surface roughness height.

This indicates that physical asperity contact occurs and
the lubrication mechanism involves elastic deformation
of both surfaces representing on elastohydrodynamic
type of lubrication.

Spall ing resistance is improved by 1) strengthening the
material with heat or surface treatments, and 2) avoiding
stress raisers in the material.

The resistance to wear is inproved by lubrication-by
reducing friction coefficient, by impruving nrated surfa-
ces machining quality, and by strengthening material
surfaces using heat treatment or chemical / thermal tre-
atment or by apnlying sornc other layers on mated surfa-
ces. By reducing friction in an er.rgine we achieve not only
the increase of  components endurance,  but  a lso fuel
economy. For example, friction reduction of lOVo results
in 5Vo better fuel economy in petrol engine z'tnd 7o/o in
diesel engine [2]. In the case <;f tribo pair tappet/cam tl ie
most frequently used methods to improve wear resistan-
ce are as follows: induction hardening, local electric arc
remelting, case hardening and nirriding. It nlust be poin-
ted out that, from the aspect of endurance, it is not
i r re levant  whjch met i rod wi l l  be appl ied.  Therefore,  only
the right seiection of tappeVcanr materials and their
appropriate heat treatmel)t or chenrical/therrnal treat-
ment wil l provide a reliable long term running free frorn
wear and scuffing, In that respect sonrc tests on wear
resistance of certain contlt ination of mated materials
used for tappet and cam as well as of rypes of nitr. ided
layer on the tappet have been performe<J [7], in view of

the fact that data available in literature appear to be
rather scarce [8, 5]. Tappets, i.e. valve tappet plates were
nitrided in ammoniir and in gas mixture plasma (ion)
whilc: carns were chill hardened in the process of casting.
It was found that nitrided zones (layers)obtained by ion
nitriding showed higher wear resistance than those ob-
tained by gas (conventiona!) nitriding in ammonia.

2. TEST CONDITIONS

To realize the effect of material matching on the tribo
pair tappet/cam wear and scuffing, two groups of tests
were performed: engine and rig tests. Rig tests rvere
carried out on the tappet/cam pair so that both tappet
and cam materials had been alternatively changed. The
existing technologic equipment available in production .
enabled the author to perform wear resistance tests on
special samples with nitrided layers obtained by various
nitriding procedures. The testis were carried out on Ams-
ler machine. The test samples were 30 nrn dia. discs,
l0 mrn thick, made of C.4732 steel, hardened and tem-
pered prior to nitriding to reach hardness of HB=270-
300. After hardening and final machining one group of
samples was submitted to nitriding in ammonia by con-
ven tional procedure: 25 lt at 5 I f C, while the other group
rvas submitted to piasrna nitriding, with variable ratio of
N2 and .I/2. Parameters used for ion nitriding were as
follows: temperature: 500"C, time 12h, voltage 450-
6001V, cutent density 30 Alm2 and vacuum 200-400 P.
Prior to plasma nitriding samples had been cleaned from
oxides and other impurii ies by spattering in hydrogen
stream for one hour.

Due to scarcily of data on characteristics of mating va-
rious combinations of tappet/cam and owing to available
rechnology facil i t ies, in addition to testing wear and
scuffing resistance of nitrided valve tappets used in a high
speed diesel engine, the author also tested changes of
dimensions and surface roughness. Therefore, before
and after nitriding in gas and plasma, diameters and
surface roughness were measured. Initially valve tappets
were 41.8 rnm in dia.,4 to 5 rnrn made of e.4732 steel,
hardened to I IB =270-300.

Due to high Hertzian pressures the quality of cam and
tappet surfaces finish is of great importance for their
endurance. Some renown world engine manufacturers
are of opinion thrt the reliable operation of this tribo pair
depends more on the quality of machining than on the
application of phosphate layer. Therefore they specify
Rn=0.10 pm for the specific mating surfaces of tap-

Peticam.

Engine tests on the tribo pair tappeVcam were perfor-
med on a test bench and in service.

60 Tibologt itt ittduslry, Volume 19, No 2, 1997.



toppet moter iq l /  com moter io l

S- stett  ih -  induct ion hcrdened
NCl -nodutor  cos t  t ron  CCi -  ch i  I  led  cos t  i ron
P  - p h o s p h o t e d  n g  -  g o s  n i t r i d e d

c h - c o s e  h o r d e n e d  s t e e t  n j  - p t c s m o  n i t r i d e dSch (p )  NCI  ih

Sng /  CCi

Snj  /CCi

cci  (n)  /  Sni

CCi  (p) /CCi

50 100
lood to

150
promote

200
f  o i tu  re (kg)

Fig. 1. Cotrparatitv durability of cant and tappet nnterial contbiltatiotts

3. TEST RESULTS

Fig.1 shows results obtained by testing wear and scuffing
resistance of various combinations of mated materials.

It can be seen that chil led-phosphated grey iron tappets
mated with chilled grey iron cams show the best exploi-
tation characteristics, i.e. the lowest wear and the hig-
hest scuffing resistance under the excessive load. Hard-
ness obtained by chilling was 510 to 570 I{V.In extremely
heavy operating conditions the first damage (failure) that
wil l occur on so mated surfaces is pitt ing. Somewhat
poorer results are obtained with the combination chil led-
phosphated grey iron tappet mated with ion nitrided
cams (f{V1=610-650), of the camshaft being made of
medium carbon steel. Possible failure in engine selice is
tappet pitt ing. Sti l l  poorer results are obtained with steel
plasma nitrided tappets (HV1:669-7t0) mated with chil-
led grey iron cams. Mating of steel gas nitrided tappets
(Wt=680-730) with chil led cams shows very poor scuf-
fing resistance because hard nitrided layer tends to flake
under excessive loads rvhich ultimately leads to scuffing.
The worst results are obtair.red with case hardened steel
tappets (I{Vp619-7j0) mated with induction hardened
nodular iron cams. Such mating leads to intensive cam
wear and frequent scuffing at moderate loads. Frorn the
aspect of wear and technology production facilities a
combination of plasma nitrided C.4732 steel tappets ma-
ted with grey iron camshaft whose cams have been chil-
led, has been selected for a high-speed diesel engine.

Tibologt itt irdustry, Volunre 19, N" 2, 1997.

Engine tests have shown that the above mating gives
good results since no wear of setzure has been experien-
ced in exploitation (service). The same combination ex-
cept for tappets that rvere gas nitrided did not give
satisfactory results during engine tests. After 100h of.
engine running the tappet compound Iayer (Fig.2) for-
med durirrg gas nitriding started to flake,

Fig. 2. G as nitidL'd ta ppe ts u po.t1. ret nova I fi'ott t tlrc et ryine
l lral PctJot)] teu I lul l  ru, i l rL, l8
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This actually means that the nitrided layer, i.e. its com-
pound layer formed during gas nitricling is susceptible to
wear and cracking, then to flaking and eventually to
scuffing when in addition to adhesive irn abrasive wear is
init iated. All the above is the consequence of high Hert-
z ian pressures that  occur  in  operat ion.

Fig. 3. Resistance to wcar found witlr plaznta nilrided (1/)
and gos ttitided (/ + t) san4iles

zug tests performed on ammonia and plasma nitrided
samples show that plasma nitrided samples under condi-
tions of y'- phase formation have higher resistance to
wear and scuffing than those nitrided in ammonia
(fig.3).These differences are mainly due to the variety of
nitrided layer properties. During plasma nitriding a mo-
nophase compound layer (fig.4). of y' is formed. This
layer has considerably lower friction coefficient than
duplex compound layer (y'+e) which is forrned during
gas nitriding. The duplex compound Iayer is more brittle
and porous in comparison with y' cornpound layer.

It can be seen, in Figs, 4 and 5, that duplex compound
Iayer is approximately 6 pnt thick while the monophase
cornpound layer is about 2 prn thick. The identification
of compound layers has been made by x-rays. Thus alt-
hough surface hardnesses obtained by ion and gas nitri-
ding are approximately the same (640-710 IIV7j), and
nitrided layer thickness almost identical (0.5 nrne) their
exploitation properties-resistance to wear and scuffing -

are different.

Fig. 5. Microstructure rf valv,e tappet nitrided
in atturtottia gas (x400)

ln addition to the rnentioned basic differences in beha-
vior to wear and scuffing of monophase and duplex
compound layers obtained by gas and plasma nitriding,
respectively, they variously affect dimensional changes
and surface roughness. Dimensional changes with plas-

ma nitriding seem to be l0 lo 13Vo lower than those
occurring with ammonia nitriding, while surface roug-
hness is lees changed with plasma than with ammonia
nitriding. Generally speaking, the finer the machining
the greater the roughness. For example if surface Ro prior

to nitriding reads 0.1 prn, after nitriding it will be 0.2 prn.

If, however, Ro before nitriding reads 0.6 p.rn it appears
to be approximately the same after nitriding, and if Ro
before nitriding equals 1.2 ltrn its value after nitriding
goes down.

4. CONCLUSION

On the basis of obtained results one cane conclude as
follows.

l.Material matching for tribo pair tappet/cam is of ut-
most importance from the aspect of wear and scuf-
fing and consequently endurance.

2.Chi l led-phosphated grey i ron valve tappets mated
with chilled cams show the best exploitation (service)
characteristics. The worst characteristics are obtai-
ned by case hardened tappets mated with induction
hardened steel cams.

3.  Plasma ni t r ided valve tappets mated wi th chi l led
cams show higher resistance to wear and scuffing

Fig. 4. Microstructurc of valvc taltpct niu'itlcd
itt plosrn gas trtittura (xJ00)

o

Moteriol  t .qlsz
o-ptosmo ni tr ided
x - g o s  n i i r i d e d

0 50 70 90 100
n(x1000 p6y . )  +  Numb. rev .
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than those nitrided in ammonia which experienced
f lak ing of  the compound layer  dur ing engine run-
ning.

4. In addition to higher resistance of plasma nitrided la-
yers to wear and scuffing, in comparison with those
nitrided in ammonia, the former cause 10 to 13o/o
less tappet dimensional changes.

5. Compound layers obtained by plasma nitriding are of
monophase (y') nature and, are more ducti le than
duplex compound layers (y'+e) obtained by ammo-
nia nitriding which appear to be more brittle and su-
sceptible to flaking.
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Influence of "Bio-diesel" Fuel
on Diesel Engine Parts and
Nlotor Oil

This paper plesents tJrc results of effects of "Bio-Diesel" ltel on engine patTs and engilte oil over a lo.ng period.of
operition oi a Diesel engine. Tirc tists iutve been conducted wuler laboratoty conditiotu on standa.rd test benclrcs
ind with stindartl atteniling equipntent at tlrc IMR. NIJ lttstitute. Two types of engilrcs of lhe sante class and similar
perfonnance, but witlt tliffe-refi fttel injectioit systenls, lrucl been selected for tltese tests: one with direct injection, and.-otlierwith 

indirect urjection. "Bio-Diesel" w,us used as {trel. This fitel is obminetiby tlrc reestetification of rape oil and
it represetlts ntetlryl 

'ester 
of rape oit. SAE 15W10 lubticatian oil of API CDISF g'ade was used to lubicate these

e,rgites, antl analyses were rnade at NLS - RN Belgratle on si{tndard equip,nent and with the standard nrcthodologt
apptiea. The purpose of tlrcse tests h)as to onswer tlrc tluestiott whetlrcr it is possible to operate Diesel engine's willt.
&iect and iiaiftu injectiott on "Bio-Diesel' Jilet, to quantifl; the effects of suclt fuel ott tlre ettgine funcional
clnructerbtics, to tletenrtine tlrc eylent to wliclt etryines coultl be nur on "Bio-Diesel' ott 4 lotlg-lenn basis, and to
bitiate tlrc fonnatiott of a stondard antl ntetlrctlolog for tesing tlte quality levels of tlis fuel.
KqworCs: Engine, "Bio-Diesel", testittg.

1. INTRODUCTION

At the beginning of 80ties, in worlC, and particularly in

Europe, intensive research rvas init iatecl on possibil i t ies

of producing alternative types of fuel, which wcluld ade-
quately replace Diesel fuel, t ire production of whicli is
based on l imited natural resources. Of particuii ir impor-

tance for exploitation are fuels obtirined on the basis of
plant cultures. For our country that was a special challen-
ge when we tbund ourselves in situaiion in which oil
derivatives were almost inaccessible to us. In this period,

using our orvn technology, we managed to prttduce seve-

ral types of fuel suitable for operating Diesel engirtes
which were based on oils obti i incd from plants. The best
results from the point of view of economic mass produc-
tion physical/chemical characteristics were sliowrt by the
fuel produced by the reesterif ici it ion of rape oil repre-
senting its methyl ester. Since this fuel differs from Diesel
fuels, it was necessary to perform complex hornologation

Iests on this fuel which we named as "i l io-Diesel". These

tests were conducted with the aim to find weather it is
possible to operate Diesel engines on "Bio-Diesel" fuel,
to determine the effects of such fuel on engine functional
characteristics, to determine engine durabil ity or its wor-

king l ife, and thereby the effects of this fuel on engine
parts wear and on engine lubrication oils of standard

Vukas Svetlatn, clipl. ittg.,
Grojii Sredko, dipl" irtg.,
I MR. NIJ Irrs titut, B eogra tl
Ili6 Duian, dipl. Chern. NIS-Rl,l Reogrntl
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production. In this paper we have presented that part of
those cornplex tests wliich we believe is the most inter-
esting for presentation, and which relate to the tests on
the effects of "Bio-Diesel" on engine parts wear and
engine oil properties.

2. TEST METIIOD

The tests have been conducted under laboratory condi-

tions on standard test benches and attending equipment

and in accordance with standards for testing Diesel fuels.

Two types of engines of similar characteristics and appli-

cation had been selected among the most widely spread

types in our c()untly. Their specifications are shown in

Table 1.

Tablc l. Diesel erryitrcs speciJications

lndirect Injection
Enqine :

Direct,lnjection
:  Enqlne

Number of cylinders c

Cubic capacity
.l

zbuu cm" 2500 cm3

Compression ratio 16 .5 :1

Rated power 31 kW
12250 r.p.m

34.5 kW
/225Q r.p.m

Maximum torque
149 Nm

/1400 r .p.m
162 Nm

/'t400 r.p.m

Minimum specific
fuel consumption

255 g/kwh 237 glkWh

"Bio-Diesel" was used as fuel in both engines, and com-

parison was made with the results obtained in operating

T'ibologt in irtdus!ry, Volume 19, Nu 2, 1997.



engines on conventional fuel. Some of physical/chemical

and heat characteristics of both "Bio-Diesel" and conven-
tional fuels related to those on which the comparison was

made are show in Table 2.

Table 2: Physicallchernical and heat characlerislics of
"Bio-Diesel" fuel and cotweriiotml Diesel fuel

SAE oil of 15W40 grade and API CD/SF class from the
regular production had been selected as lubricant. Each
of these two engines operated on "Bio-Diesel" 300 w,or-
king hours continuously in stages, and changes during
one stage are shown in table 3.

Tibolog in industry, Volume 19, N" 2, L997.

Sarnples of engine oil were taken for analysis every 50
engine working hours, with care taken that the total
quantity of make up oil and consumption during opera-
tion do not exceed li3 of the volume of oil specified for
each of the engines. Before the tests, both engines were

factory overhauled, micro-measurements were taken

and all vital parts were visually inspected. During the test

runs, all functional characteristics were monitored,
which means that included also: engine oil pressure, oil
temperature, blow-by, and the volume (level) of oil in
the engine sump (  i .e ,  the consumpt ion of  o i l ) .

At the and of the tests, both engines were dismantled,
visually inspected and rnicro-measurements were taken
on ail vital parts of both engines.

3. TEST RESULTS

Test results showed that in both engines power degrada-
tion occurred in an average amount of about 5Vo, that

torque was reduced also for about 57o, that the volume
of injected fuel (measured byweight method) was increa-

sed by about 5-89lo on an average, the specific consump-
tion of fuel was increased by about 3-77o on an average,
and that the temperature and smoke of exhaust gases
were reduced. All these results relate to the comparison
of functional operating characteristics of both engines
rvith "Bio-Diesel" fuel in relation to Diesel fuel. It should
be pointed out that no degradation of functional charac-
teristics was found when their values at the beginning of
the tests were compared with those at the end (i.e. after

300 workitry hours) with both engines, both when "Bio-
Diesel"  and Diesel  fuels  were used.  In th is  paper we shal l

cornlnent particularly the r-esults and their analysis in that
part of the homologation tests relating to the effects of
"Bio-Diesel" on the engine working l ife and its effects on
tire lubrication fuel.

3.1 Review and analysis of micro-
measurements and observations
in visual inspection of both engines

By comparing the micro-measulelnents made on both
engines, the following results are obtained: The micro-
measurenents on both engines have shown that wear on

characteristic parts was within the l imits specified for the
observed period of operation. To confirm these results,
the inspection of rnean wear values on the piston assem-
bly of both engines was selected, since the changes oc-
curring due to wear are most distinct on this assembly
and because it is simultaneously exposed to the effects of
both fuel and oil to a large extent. Fig.1 shows the mean
virlues of rvear on piston rings, Fig.2 i l lustrates wear on
pistons, and Fig.3 on cylinder l iners, both for engine with
direct injection and for that with indirect injection.

tem
N o

Fuel characteristics
Diesel
ruel

'Bio-

Diesel'
Fuel

1 Gravity at 15oC(g/ml) 0.839 O.BBB

z

Destillation: Start Point
5V"

1Q7o
3O7o
50%
7O7o
90%

End Point

230
zJz

240
27A
298
326
347
4AO/94

287
c ? n

335

J'+Z+

?qE

470

384/98

Viscosity 1mm2is; at 2OoC
400c

6.37
4.30

8 . 1 4
C . U U

4 Cloud Point (oC) + 7 -5

5 Filterability (oC) T q -7

6 Pour Point (oC) + 1 ' 1 1

7 Coke content (mass) 1007o
10"/o

0.028
0.072

0 . 1 2
1 . 2 0

B p H 0 .1  00 0.384

9
Russian Method
Cetane Index ASTM 976
I P

56.5
q A n

q A q

58.4

46.8
1 0 Flash Point (oC) B5 175
1 1 Sulphur Content (7o) 0.2
' t2

Hd (Iru/kg) Mardels formula 42.6

Table 3: Changes in operatittg rnode tlurhry one stage

Mode
Item

Number

Scale Load
[kp in %]

Speed
L r  . P . r  I  r . l

Engine
WorkingHours

lmrn l
I 500 +30 1 0
z 60 1 300 20
? 500 +30 1 0

4 2250 20
n 500 +30 '10

6 1 0 0 1 300

7 0 500 +30 1 0

B 100 2250 20

120

IL-.
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Fig. I - IvIean values of piston ing wear for ditec! injectiotr
engi,rc and for indirect injection engine

Fig. 5 shows the change in viscosity at 100oC,
and this characteristics does not exceed the spe-
cified values.

The change in the TBN vaiue was negligible
over the entire test period and was considerably
above the minimurn limit allowable for both
engines, and the course of its change is shown in
Fig.6.

The content of solid matter in oil shows a con-
stant increase of suspended solids, which means
tirat the detergent and dispersing properties of
oil were rated during the entire test" Somewhat
higher values than those obtained in operation
with Diesel fuel can be explained as due to
inferior physical/chemical and heat propertres
of "Bio-Diesel" fuel reflecting on the quality of
combustion, which is less favorable in compari-
son with the quality of Diesel fuel combustion.
At the combustion of "Bio-Diesel" fuel, a higher
volume of soot develops and suspends in oil, as
can be seen on Fig" 7.

The content of metals in oil was monitored by
the atomic absorpiion irnalysis. The content of
Fe, Cu and Al was analyzed also. The content of
iron ( Fe ) in oil samples from both engines
shows an increase in the first 100 hours of ope-

Fig. 2 - Meatt values of pktott near for indirect injactiott
etryine attd for direction engine

For other parts on which the micro-measure-
ments were taken, such as piston pin, cylinder
head gasket, valves, bearings, etc., no presenta-
tion is included due to space limrtation, but \&,it l 'r
other parts also nc rvear beyond the specified
limits for the observed period of engine operer-
tion was found.

3.2 Survey of tests on nlain physical/
chemical characterist ics of engine
oil  samples taken during testing

Oil samples, as already mentioned before, after
50 hours ofoperation for each engine separate-
ly were taken. On these samples the following
characteristics were examined: viscosity aL IFC

1mm2lsl,viscosiry at l0FC lrnnf ls),f lash point
(oC), TBN (mgKOFVg), membrane filtration on
0.3 trr frlter (g), metal conrent (Fe, Cu, A)) in o/o,

water content in o1o, and fuel content in Vo,In
addition to the curves showing charnges in cer-
taincharacteristics, the cirrves of the same char-
acteristics in operation on Diesel fuel are given
in all diagrams. Fig.4 shows the change in vis-
cosity at 40"C for both engines, and its value does not
exceed the l imits set out for this grade and quality level
of oil.

Fig.3 - Ivtean values of liner u,ear for indircct injectbtt
engitrc attd lbr direct injection engine

cent increase, and the amount of that increase is not in
such a percentage that would indicate a higher wear rate.

The content of copper (Cu) in oil samples from both
engines shows a gradual increase in the first 150 working
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Fig.4 - Change in viscosiry at 4FC dutittg 300 engitte
working lnurc

Fig. 7. Changc itt tlrc soli.d nnfter content of oil during
JUU eng0rc V'OrKU|S llOUtS

vlsc. ol 100 C

r o

r 5

r 4

t 3

l l

r 0
25C 300

l ime (h)

Fis' 5' Chanse *'u:,?;:t,i:/,ff: during 300 ensbtc

hours, and then falls ,opiatyiThe change in coppcr con-
tent in per cents is shown in Fig.9.

The content of aluminum (Al) in oil samples from both
engines shows a rapid increase between 100 and 200
working hours, and then stagnates which can be seen
from Fig.10.

From the presented diagrams it can be seen that none of
the involved metals is more considerably present in oil
samples and that their content does not indicate increa-
sed wear in any of the observed engines over 300 engine

Fig. 9. Pcr cent content of copper (Cu) in oil samples
fi'ont botlr etrgines

working hours. A water and fuel were not found in any
of the samples. Engine parts did not have a uniformly
distributed oil f i lm, but spots rvith a thicker sticking layer
of oil were tbund. Increased deposits of coke and soot
were noted on engine parts, whereas paint and varnish
deposits were reduced. Those phenomena are not char-
acteristic when an engine runs on Diesel fuel, at least not
after 300 working hours.

Fig. 6. Clnnge in TBN duritrg engine workung lnurs

Tibologt itr industry, Volume L9,No 2,1997.
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4. CONCLUSIOR{

During the test, both engines were run without breaks,
and oil pressure, blow-by, oil temperature and consump-
tion were within the specified limits. Micro-measure-
ments taken on before and after operation showed that
wear on parts of both engines was within the limits
specified for the observed period of engine operation.
SAE engine oil of 154V40 grade and APIISF service met
requirements for the observed period. Taking into ac-
count the phenomena noticed by visual inspection, it can
be concluded that further investigation of the effects of
"Bio-Diesel" fuel both on oil and engines parts is requi-
red, and that further work is necessary also to develop
the methodology for testing lubrication oils used in engi-
nes running on "Bio-Diesel",
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The Sealing Element on The Diesel
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Optimisation of The Tribology
Characteristics of The Material for
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Engine Water Pump

I'lre tests of tlrc reliability and setvbe life of tlrc diesel engitrc wate r putnp slrcw tlut tlrc puntp sealilrg presents llrc
basic problent to wliclt tlrc special altetiliotr slnuld be pakl. Tlrc attalysis of tlrc sealing elentent nteclnnisnt
underlittes tlrc need to intprove its ttibolog/ clruraclet*tics. Tlis can be tlone by clnngittg tlrc parantelen of the
nuteial quality and its plrysical and chentical cluractetistics. Tlrc paper presetils pan of ilte laboratory testing of the
woter puntp canied out bt tlrc IMR ltsitute. Tlrc olttittisation of tlrc nibolog charucteistics of tlrc nutetial for the
sealing elenrctrts results irt ittcreased reliability ond setvice life of tlte water pump tlrus influencing directly tlv
itnprovement of tlte diesel engirte quality.

Kqwords: sealitry elerneris, reliability, seruice life, tribologt clnractefistics.

l . INTRODUCTION

There is no doubt that consideration of the usage quality
and reliabil i ty of the diesel engine requests for conside-
ration of a number of significant factors. In other words,
in order to achieve the optimum level of the usage quality
and reliabil iry of the diesel engine it is necessary to
accommodate the elements' quali ly and engine systems.
In modern mechanical engineering, the mechanical ele-
ments, being the parts of the machines and mechanisms,
determine, in a number of cases, on the value of technical
parameten of the machines in which they are built in.
Therefore it is of special importance to improve con-
struction and production of the machine elements, deve-
lop highly productive and economic technological pro-
cess, increase reliabil i ty and sewice l ife. In this context
the accomplished tests on improving the reliability and
service l ife as well as on general improvement of the
usage value of the product prclduce the concrete solu-
tions confirmed at the engine and vehicles market. Diesel
engine tests that are permanently performed in the IMR
lnstitute and which refer to the usage quality and relia-
bil iry of the diesel engine, its elements and systems shorv
where and when it is necessary to intervene in the sense
of improving quality as well as the products'performan-
ces. Testing diesel engine water pump is only part of these
activit ies. The paper presents one part of the tests on the
water pump relevant to providing the sealing duling
diesel engine water pump exploitation. Simulation of the
working conditions is performed on specially designed

Lj ubrt a M arkovii, B. S c. M ach. Ertg.,
Ph.D Predrag Petrovit, B.Sc.MacluEng.,
Ph.D Slobodan Jattkot,ii, B. Sc.Maclt.Etry.,
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laboratory test stand. Water pump sealing is achieved by
means of sliding Iink of the sealer and impeller. The
analysis of the sealing mechanism stresses the need for
accornrnodating the tribology characteristics of the con-
tact elements, contained in the parameters of the mate-
rial quality as well as in physical and chemical charac-
teristics. The subject of the research were the sealers of
the diesel engine water pump that differ in the sliding
sealing ring and in other parameters such as sealer's
dimensions, spring characteristics, etc.

2. TESTING CONDITIOI..IS AND
METHODS

The test stand rvas developed for the purpose of testing
the water pumps for several types of diesel engines. It
enables the testing of the performances as well as long
term testing of rvater pumps reliabil i ty and service l ife.
The test stand contains the relief valves, rotational speed
regulator, equipment for measuring the pressure, cumu-
lative number of revolution, f luid temperature, etc.

After each installation a detailed analysis of the sealers
was made; checking the geometric parameters, spring
chirracteristics, etc. Fig. 2 presents the sealer while on
Fig. 3 there is the water pump impeller. In order to get
proper picture on specific parameters of the tribology
sealing mechanism, before each removal of the water
pump, the geometric characteristics of the impeler and
sealing surface hardness are checked.

Test rnethodology is adapted to the working conditions
in the diesel engine selice. The fluid is heated up to
T=8UC. The pump efforts are simulated by the relief
valve. The pump rotation/min is derived from the engine

nrn
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service condition and it is n=3800 olrnin. The puurp
working time on test stand is 50 hours. That is minirnum
time for which the wear of sealing surfaces is initiated.
After that period the pumps were disassembled and
geometric checking of the sealers and impellerwas done.

Fig. 1. Lleasuring attd regulatirtg it$allntiott
l-waler pump, 2-water tanlg 3-elzctt'ic nrotor;
4-speed regulator, 5- a dn pt c,r 6-spae.d.1cttor,

7- preassu rc s e t* on 8- da t a aquk it ion

3. TEST RESULTS

The paper presents part of the results obtained in the
course of testing five r.vater purnp sealers. The Thble 1
contains test results and the note therein defines tl ie
basic observations collected during visual check of the
sealer and impeier. The medium u'ear is derived from the
difference betwecn the geometric values of the sealing
ring before and after testing. Namely, before the sealer
was installed in the water pump, it is necessary to mea-
sure the sealer ring thickness at four points at sealers

Table 1

Fig.2. - l{aler pwttp gaskel

Fig.3. - ll/ater puntp inrplemer

circumference, shifted for 45". After testing, the sealer is
disassembled and measured again at the same points.
The medium wear is calculated on the grounds of the
wear of the specific points.

4. RESULTS ANALYSIS

The optimisation of the sealing tribology mechanism
produces concrete results in irnproving quality of the
products with high reliabil i ty and service l ife. The opti-

misation of the sealing tribology mechanism characte-
ristics proved that by changes in mate rial, i.e. its charac-
teristics, it is possible to get extremely adapted tribology
sealing mechanism with high reliabil i ty and Iife time. It

Sample Medium wear [mm] lmpeier hardness REMARK

Sample 1 0.249 t q o

Spring force F=4B,4 N
Serious damage on impeler
Visible at sealing ring

Sample 2 U.Ut ]C 207
Spring force F=49,5 N
Visible scratches on the impeler

Sample 3 0.04025 207
Spring force F=57,25 N
Damages of the impeler and sealing ring
of the sealer

Sample 4 0.008 450
Spring force F=49,5N
Damages on the impeler and sealing ring
of the sealer

Sample 5 0.0557 450
Spring force F=51 ,5 N
No damage of the impeler and on the sealing
ring of the sealer

Testing conditions,
working time 50 h
rotation speed 3B0O o/min

n r  r m n  o f { A r t

about 1 barf
low 60 - 70 l/min

7A T'ibologlt itt httlustry, Volume 19, No 2, 199'1 .



is necessary to stress that the authors of this paper were

not in a position to participate directly in the decisions
made by the producer of the sealers concerning the type
of the material used and technology applied.

The shortcomings of the sealers observed during testing
are in the sealing graphite element. Slight changes of its

characteristics produce great changes in regard to wear
during work, i.e. in providing necessary sealing of the
water pump. Test results show in an obvious way that
types of wear are quite diverse. On the other hand,
increase of impeler hardness implied directly low rveirr
value on the sealers. The test proved that the impelers
with the great hardness of the contact sealing surface
conespond, as to their tribology characteristics, to the
sliding sealing ring of the sealer. This is confirmed by the
low wear values of the sealing elements.

Optimisation of the sealing tribology mechanism produ-
ced the concrete results in improving the product usage
qualiry with high reliabil i ty and life time. With this in
mind it is also of great importance to know the reliabil i ty
and life time of a diesel engine The test shorved that
based on the laboratory testing it is possible to pledict
water pump life tirne.

5. PREDICTING THE IVATER PUNIP LIFE
TIME

Based on the previously conducted research work itnd
derived parameters and using the hypothesis on l inear
wear accumulation. a criteria for estimating the sealer's
l ife time was developed. The criteria is based orl the
results of testing the sealer, hvpothesis on l inear rvear
accumulation and parameters of the diesel engine wor-
king regime u'hile exploited in tractor. On the grounds of
results obtained during laboratory testing of the rvater
pump with built in test sealers i.e. sealers'wear, 

"vorkingtime (testingon the stand), numberof waterpump rotrrt ion
during testrng, the spccilic sealer's wear rnay be delived.

, _  I

"  
-  

T 1 . n . 6 A

where:  1-  to ta l  welr r  (nrm)
n - rotation speed (o/rnin)
I - rvorking time (h)

The above written formula enables the defining of the
specific wear for each tested sample (Fig. 4).Using the
specific wear parameter as well as the parameters of the
engine service load, of the tractor in service, and the
maximum allowed u'ear value of the sealing ring it is
possible to estimate the sealer's l i fe t ime. The rntxiururn
al lowed wear of  the seeler  is  adopted so that  at  nt&\ l tnum
wear the spring force is F,,,;,, : 40 N. Adopted nluintunr
wear value is  1,  = L2 rnnt .  The adopted parameters of
the engine service load in the exploitation are:

Tibologt irt ittdustry, Volurne 19, Nu 2, 1997.
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Fig.4.' Spacific gaskzt v,ear

- engine speed n,,, = 1800 olmin
- belt drive ratio 1, 

= 1.5

The derived fonnula for estirnation of l i fe t ime is:

I r . t t , , r . i r . 60
t - - 't t )  -

^ I l

Based on this fo nula the predicted l ife time of the water
pump for f ive samples is:

Sarnple 1 168.62 h Sample 2 465.09 h
Sample 3 2247.05 h Sample 4 17199.27 h
Sample 5 1620.39 h

The above noted t ime l i fe  values of  the sealer  bui l t  in  the
water purnp present at the same time the prediction of
the diesel engine water pump life time. It must be men-
tioned that in the above fonnula we adopted the appro-
xirnate I values for some influential factors (such as
sliding speed, etc.) and these are not written in the
forrnula.

6. COh{CLUSION

The conducted research work enables the following con-
clusions: it is possible to test reliably the water pump
under seryice load within this context the conducted
research rvork is of great importance for estimating the
quality of the test sealer and consequently for estimating
the quality of t ire diesel engine water pump; the optimi-
slrt ion of the sealing tribology mechanism produced con-
crete results in inproving the usage qualiry of the pro-
duct with high reliabil i ty and life time; the developed
criteria for estirnating the sealer's l i fe t ime enables the
prediction of the sealer's l i fe t ime as well as of the diesel
engine water pump.
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The Calculation of The Heat
Power Generation During
The Formation of The End
of Cvlindrical Tube bY Friction

Tlrc tnetlrctd of tennofiictiotl tnetal processrirg rs a special way of nrclal processing by Ji'ictiott lrcat ffict wliclt k
characterized b;t sintpliciry arul very stnall ettetgt corrstunlttiott. Tlis tnetltocl for cylitilticul abe ends fonnatiott is
specially reconuncndable because tlrc different fonw of particular or total closecl bottonu crut be easily obtained.
Duing the processirtg, buide an adequate way of lrcat generatiotr by Ji'ictiotr, tlte biggest problent is - detennirntiott
of tlrc lrcat power generation becausc ttntry itttportatt! process paratrrcters tlepe trcl on it. Itt tlis paper, firct of all, lte
pittcltle of fonning tlrc closetl setnkplrcical bottont on tlrc qlintlrical nbc ends by Ji'ictiott by trtcutrs of special tool
- so called nufuicontact tenttofiiction lbnnitry tool - is presctttetl, atttl tlrctt tlrc atpressiott Jbr tlrc estinrution of tlrc
generated heat power is deivetl. By analysis of tlrc graplic presetilation itt tlrc obtohted erTntiott, it can be concluded
that bath teclutological process paranrcters antl cottstt'uctive clnracleristics of tlrc tool deperat. on the heat power
getrcratwl.

Keyw onls : ftic t ir,t tt, I rc a t ge nera t i otr, fon n a ti o tr, p ro c c s s it t g.

1. INTRODUCTION

The method of termofriction processing metal (TFPM)
understands the formation of in advance determined
shape on the part of the work object (l ike the opening at
the sample with full cross section, for example particular

or total closed bottom of the tube ends, etc.) by adequate

tool and exclusively by using the heat effect of friction [L,
2, 3]. This method, otherwise, is characterized by three
effects which are very important in aspect of their appli-
cation. First, the total arbsence of material overheat, since
the process of the metal deformation occurs - because of
the phenomenon of selfregulation of heat generation by
friction - at elevated but consti int temperature. Second,
because of  the presence of  heat ,  the value of  the needed
force for material deiormation considerably reduces,
and third - the procedure of the processing is very simple.
For this reason the TFPM method can be specially at-
tractive during the shaping of the cylindricerl tube ends,
because, in tir is way, its openings can be narrowed or
widened, and partly or totally closed bottorns can be
obtained with different forms (sernispherical, paraboli-
ca l ,  e tc . )  as wel l .  On the other  hand,  consider ing the
geometrical form of the tubes, the application of TFPIvI
to the formation of their ends cal make difTiculties in
finding the adequate way of simultaneous heat genera-
tion by friction and forrnation, because in addition to this
it is necessary to satisfy defined energetical, tr ibological

Dr Miroslav Durdattovi6, Ph. DAssist.
Facuhy of Mecharical Etryitrceritrg, Nr.i

72

and constructive conditious and requirements. On Me-

chanical Engineering Faculty in NiS, this problem was

solved by special tool, so called multicontact termofric-

tion forming tool (MCTtrT). In this paper the calculation

of the heat po\\ 'er generation by friction for the case of

formation the closed semispherical bottom on the tube

end by MCTF| is presented.

2. FORMATION PRINCIPLE OF
THE SEMISPHERICAL CLOSED
BOTTOM BY MCTFT

The main parts of MCTFT are, so called, generative

forming segrnents (CFS), one or several, whose con-

struction makes simultaneous heat generation by friction

and fonnation of warmed tube material possible. The

GFS rvorking surface has suclt form that a contact be-
tween GFS and external surface of the form, which is

obtained frorn it, always happens along a l ine. Conside-
ring it by the tool ?rspect, i.e. from GFS aspect, this l ine

defines, so called, generative forming edge (GFE) of the
tool; it is the part of t ire GFS rvhich directly makes the

heat induction in the generative layer of tube material,
and s imul taneously shapes the heated mater ia l .

Figure 1 shows the formation procedure. Fixed (immo-

bile) and unheated tube (1) is coaxial with MCTFT (2)

which rotates around common axis and has translatory

motion sirnultaneously in the direction of the same axis.

At the moment when GFS (3) touches the external sur-

face of the tube, because of the rotating motion of the

Tibobgt itt itrlttstry, Volume 19, N" 2, 1997.
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There is a relation between the radial clearance, the axial

deviation and the angle of the friction grip of the tool

e = a.ry(t)

sittrp = lT - ,t" (r)
and rw

Figure 1. Sclrcme of fontntiott of tfu senispltetical bottonr
byMCTFT; I - tltetube,2- MCTFT 3- G^FS

tool, the friction moment appears, the heat is generated,
and material of the tube heats up; simultaneously and
because of the translatory motion of the tool, the heated
material deforms and takes the shape which is determin-
ed in advance by the GFE form. After that, MCTFI by
return stroke, goes back on the startingposition. The first
contact GFS with tube is in points form which are placed
in mutual section of the GFE with external edge of the
tube opening; these points are so called starting genera-
tive points (SGP). Considering it from the tool aspect,
the SGP points as well as the points placed on the GFE,
during formation process, have a spiral motion around
the common a,xis, but the step of the turn must be very
small.

3. THE CALCULATION OF THE POWER
GENERATION

By the analysis of the startirg contact between the tool
and the tube, f igure 2., it can be concluded that between
the opening of the GFS and external tube diameter there
must be a radial clearance; the value of the clearance is
s=(D-Ddl2, where D - is a diameter of GFS opening
(i.e., diameter of the tool opening) and D5 - is the exter-
nal tube diameter. It is clear that the existence of the
radial clearance cannot be avoided because if e=0, the
tool and the tube wil l not make the friction grip. Horv-
ever, since the value of the radial clearance has influence
on the geometrical precision of the forminy shane iIs

value must be at the minimum. It is obvious that these
are two opposite conclusions so, it is necessary that c *
0, but it must always be e>0.

Two other parameters are defined by radial clearance
and these are: axial deviation (a) and angle of attack or
the angle of friction grip of the tool (<p). The value of the
axial deviation defines the dimension of the real devia-
tion in regard to ideal form, unti l the angle (<p) on the
GFE defines, the position of the attack points and the
direction of the forces by which the tool at the starting
point (later on PG points) loads the cylinder of the tube.

Tibolog itt irtdustry, Volunre 19, N'2, 1997.

Figure 2. Startittg contact of GFS (1) with tube (2)

Since the tool does both movements. the elements of the
contact between GFS and the tube wil l be the points
where the moment of rotation and arial force with tool
to the tube ar-e transmitted. At the beginning there are
SGP, but because of simultaneous rotation and transla-
tion of GFS, the starting points contact becomes Iine

contact and such contact remains to the end of the
formation process. This means that each GFE, as the line
of friction contact, represents a set of points bywhich the
rotation noment and the ixial force of the tool are
transmitted to the tube.

In figure 3. is shown, in axonometry, the contact of a GFS
with the tube duringprocessing and a scheme of the load
at an arbitrary point A being shaped. During the proces-
sing all the points of the GFE of the tool, as it was

described, make spiral l ines. At the same time the SGP
points make spiral I ine on external surface of the tube
and the rest of the points on external surface of the
shaping semisphere.

The force I1,', by which GFS effects the tube in the given
point,.1, f igure 3a, has the direction of a normalNto the
spiral line (LZ) which goes through this point; this is at
-'.':3 ::.',:c .',:iic ., ,1u,'i-i,ii urr inc tirtes ot'aaequate parallel
(L{.f and neridian (Llv{), that goes through the same
point. This conclusion is valid for any contact point. The
direction of all forces which go through these points,
cross at point O, in the center of GFS, as shown on fig. 4. -

Frorn figure 4. follorvs that

Fa
FN = - , t t ;  (2)"  s tnu

where: ,F7-is an arial force of the tool and
0- is an angle between the direction of

the force FNr and the radius of the tool
opening ,  i .e .  radius of  the GFS opening

b.-.

I J
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Figure 3. 1 - GFS; 2 - the tube; LZ - the spiral line;
LU - tlrc parallel lite; LM - the nrcidiin line;

T - tlrc tangent to tlrc spircl line; lJ - tlrc tat*eru o
tlte parallel line: ll - ilw langcnt to the ntiidian

line; N - tlte cottttttott ttonnal

The total friction force Fl in point A has the direction of
the tangent Ion the spiral LZ;it l ies in a plane which can
be put through tangents on the parailel LU and meridian
LM, as shown in figure 3b. This force can be separateci
on parallel F7y and meridian .F7,11 components wi.rich
work in a direction of adequate tangents, figure 3b, i.e.

FTu = Fr'cosrx and F.-lrt = Fr.sina

However, since the slope angle of the spiral line is

Frtr
l g a  = ; -  < <  1- rTu

then

Fry >> Frtt

and it can be concluded that the total friction force eouals
to the parallel component only, i.e.

Fr = Fru

and on the basis on the Amonton's low. it wil l be

F7 = f.Fn

where/- is coefficient of friction.

Taking into consideration earlier approximations, to de-
termine the he:rt powcr generation it is necessary, from
kinetic aspect, to analyze rire process which appears orr
the contact of GFS with the tube material. In that regard,
observing the section on meridian of the forming shape

, | A

dF,

Figure 4.ttgw.e 4. Figurc 5.

(it is the l ine of the friction conract as well), f igure 5., it
can be concluded that, during the formation process the
elementary length of this line tll, will be effected by the
elementary friction force perpendicular to the figure
plane, whose value is

dFr - f 'dFp = f.p'.dl = f.p.R.dA U)

where: /- is a friction coefficient,
p'- is a pressure line, i.e. the load on unit

Iength of the contact line,
R- is radius of the opening of the GFS.

The mornent of this friction force for the rotation axis.
w i l l b e

dM7. = x. tlFT = R2 'f . p'. ,os 0 ' d0

and elementary power generation

dq =  , .dMr  =  , .R2. f .p ' . cos7 'c l7  (5 )

where: ar - is the angle speed of the GFS, i.e. angle speed
of the MCTFT

If it is considered that the force FN, with which GFS of
the tool loads the tube materiii l, is uniformly distributed
along the contact line, the unit pressure will be

. Irx
n - . -

R' ('i - Pl

Considering the equation (2), the generation becomes:

t A

f

R.( ;  -  rp) 's i r t }
z

and the expression for elementary
becornes

tiq = ,u . R.f. 'F4: lo-lo . a u
1{  -  @.s in7,2

power generation

(6)
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By integration of expression (6) the power generation for
one GFS of the tool is obtained in the form

F
Q = o.t . n.7' -:4--lln sino I Ol

t l l

t'; - a)

If the tool has a total of k GFS, then its total power
generation is

Fo
eu =  k 'q  =  ro 'R ' f ' : ' l hs ino l  (B)

rt- e)

w h e r e i s  g s 0 < n 1 2 .

Since a;, k and R are constants, under the condition that
the friction coefficient and the axial force of the tool have
constant values during the processing, the expression (8)
can be presented in the form which is vety appropriate
for the graphic interpretation of power generation de-
pendence on angle 0

Qu=qd.A=B ' l l ns ino l

where constant B is

B_
2.k.  to '  R ' f .  Fe

7r- 2 '  e
(t0)

Because of integration boundaries, i.e. rp s 0 < nl2, the
total power generation can be presented approximately

qu = B. l tns ino l

and taking into consideration (L), it is also obtained

qu = B'll',rft -7 |

( 1 1 )

(12)

By analyzing the graphic i l lustration of the equation (9)
which is shown in figure 6., it can be concluded that the
biggest f lux of heat is in vicinity of SGP. The first parr of
the curve corresponds to the position of the SGP, and
because of its character - this is the place where GFS is,
it isfrom the termical point of view, mostly loaded. It lies
in intewal p = 0 = nl4, and this fact is important in
constructing MCTFT and GFS as well.

From the tube material aspect, the high initial heat flux,
considering the character of the contact during the star-
ting period of the processing, can cause abrupt heating
and melting ofthe tube material. This fact can have
negative consequences on the formation proces (like
wearing and adhesion of material) what must be adequa-
tely eliminated (for example by reduction of axial forces
of the tool, or by using any lubricant). In addition to that,
since the generative flux abruptly decreases in the part
where 0 > nl4, it can be expected that the tube rlaterial
in the region n 14 = 0 < nl2 will not be heated enough by
friction generated heat. From this aspect, considering the

(e)

Figure 6.

length of the arc which remains to the end of the proces-
sing, there is a possibility that this region will not be
totally closed. That is, in other words, the attention must
be payed to the constructive characteristics of the GFS
and to its working surface, because only in this way this
problem can be solved.

4. CONCLUSION

Generally it can be concluded that, in formation process
of the closed bottom on the cylindrical tube end by
friction, it is best to determine the power generation
mathematically for two reasons:

> first, some technological parameters depend on pro-
cessiug as the step of the tool, axial speed of the tool,

t second, the constructive parameters of the tool, l ike
the working surface form of the GFS and GFE, etc.
de pend on the power generat ion.

These conclusions are confirmed at Mechanical Engi-
neering Faculty in NiS during the formation of semisphe-
rical closed bottorn on the ends of the aluminum allov
tubes.
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I. INTRODUCTION

Since the basic t ia lpurpose of  s l ide bear ings ( i .e .  to  enab_
le movement of "free" element inside stationary one) can
not be performed without friction, designer's task is to
reduce it to a minimum. That can be done after cJetailecl
analysis of influential factors wirich generate tribologict-rl
process in contact area between pivot ancJ bearing bush.
Influential factors are numerous and their general clas_
sification could be done as shown in the figl1.

One significant internal factor is relatecl to atpplied ma-
terial. Thermoplastics are materials whose use incre;rscs
constantly.

2. THERNIOPI.ASTICS

Thermop las t i cs  a re  non -me ta l ,  po l ymer  ma te r i a l s
(fig. 2). Thermop'rlastic rnasses are materials that as a
basic component coutain polymer compound. Their
composition is complex since besides basic polymer they
comprises various ingredients, such as: f i l lers, stabil izers,
hardening agents, etc. (f igure 3).

Therefore, there is great variety of types and perrranenr
appearance of new or rvell known types with improvecJ
properties. Specifications for every single lypc are glven
by producer in a form of tables and diagrams. Recently,
it is possible thar most favorable material to be procJuced
upon specified load and working conditions [7]. eualit-v

AleksattdarVuli6, PhD
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and quantity of f i l ler added to polymer depend on pro-
perty or group o[ properries which should be emphasi-

Compalative diagrarn in figure 4 shows PTFE with no
fi l lers and the sarne material with fi l ler which increase
pr€ssure resistance, especially at higher temperatures. It
is obvious that almost three times deformation decrease
has been achieved.

]'I]ERMOSETS

Figu t c 2. Materia I classilicatiotr
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Design Specifics of Injection Molded
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Figure 3, Thenrrcplastics co,ilents

Specifications on thermoplastics obtained from techni-
cal l i terature and handbooks often do not guarantee the
most favorable choice of material, due to diff iculties in
following rapid development in that f ield. More reliable
data could be found in data banks of parlicular material
producer. However, those specifications are obtained
under standard laboratory conditions and are related tcr
probes of prescribed dimensions, but not to a particular
part made of it. Those values could be used for direct
comparison between diferent thermoplastics only if the
tests have been done using the same method under equal
conditions. The most reliable data on thermoplastics
behavior in working conditions are obtainable by analy-
zing successful applications or by adapting of those to a
desired structure. Since properties of therrnoplastics de-
pend on numerous factors, it is obvious that all of them
can not be taken into consideration for estimated wor-
king conditions.

Tibologt itt itulustry, Volurne 19, N" 2, 1997.

Slide bearing manufacturing is significant applicaton
field for thermoplastics which successfully substitute me-
tals. Sensitivity to rvear of thermoplastic bearing bushes

is expressed by wear coefficient K, which values were

found experimentally, and their spccific values for parti-

cular materials are stated in the table (4).

If the values of allowed wear, pressure and velocity are

all known, slide bearing l ifetime (t) could be calculated

upon formula:

I
' - 

3600
(1)

Theruroplastics exposed to high temperature turn in
viscose liquids rvithout chemicarl changes, and than (un-

der pressure) intricate shapes could be formed. Cooling
intialize hardening process. Theoretically, this proce-

dure could be repeated endlessly. Compared with other
materials, that is obvious advantage, since poor quality

parts could be used as a raw material, thus minimizing
waste.

Nowadays, there are more than fwenfy basic processing
methods, as rvell as their numerous modifications. The

most rvidley used nrethod to treat thermoplastics is injec-
tion molding.

3. INJECTION MOLDING

Injection molding is in use since 1930 as a modified
procedure of well known method implemented on me-

tals. Several modifications of injection molding itself are
in use, but general concept is always the same. General
idea is to transform raw thermoplastic into viscose, dense
liquid which is able to penetrate (under pressure) cavities
in injection tool. After a while, tool is being opened, and
during hardening process material gains form of the tool.
Sucir parts do not require further machining or painting,
since the paint could be easily added to materiai at the
beginning of the process. Tlie whole mcthod is suitable
for autornation in manufacturing and enables large se-
ries.

For that purpose, injection tools are needed, and expen-
ses related to them are significant. Accordingly, injection
molding is econornical plocedure just for larger series.
Regardless of proper choice made while selecting mate-
rials for the specific part, insufficient knowledge on spe-
cif ics of technology procedure, or neglecting it 's signifi-
cAnce, could lead to expensive manufacturing. Cha-
racteristics of such manufacturing are shown in figure 5.

Those undesirable effects could be avoided if designer in
the final phase of creation adapt calculated values to
specific production requirements and typical tool fun-
ctions for particular thermoplastic.
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Precisely defined wall thickness, properly chosen roun-
dings as well as anticipated humidity and tentperature
influence are some of conditions for favorable design of
thermoplastic bearing bush, desired Iifetime, and an eco-
nomical manufacturing orocess [1].

3.1 Defining wall thickness

Wall thickness of thermoplastic bearit ig bushes can be
defined using empirical equation:

S = 0.1+ ^,'EI't ymtnl (l)

where d (mm) stands for pivot diameter.

When acquiring eventual values, one sirould respect
technological experience which states that thickness
should be between I and 6 mrn [1]. At larger pivor
diameters, it is not advisable forwall thickness to be rnore
than 6 mm due to possible cleformations of bush, as
shown in figure 7. in such cilses, several layers of dimi-
nished thickness are recommended (figuLe 11). Thick-
ness should not be under I mm, because thin bushes
manufacturing require higher injection pressures, longer
injection rycles and are jeopardized of improper fi l l ing
of tool cavities. Whenever possible. bush should be of
uniform thickness.

However, due to flration in housing, structul'e requile-
ments, ancl temperature compensation, bushes of une-
qual wall thickness ale being made. In such cases, posi-
tion of inlet channel is very i lnportzrr)t because it entrl l le.s

proper fi l l ing of thinner walls throughout the thicker
ones, as shown in the figure 6. Besides diff iculties in
fi l l ing the tool, and occurrence ofresidual stresses, inap-
propriate wall thickness could Iead to deformations du-
ring cooling pfocess. Sonre t1'pical examples of such
deformations are shown in ficure 7.

Figute 7. Defontruion.t duc to wrong n'all thicAness

While defining rvall thicl<-ness, one shouid be aware of
possibil i ty to inrprove carrying capacity by using better
therrnoplastic or by adding ribs to the structure rather
than by thicker rvalls, Numelous factors affect wall thick-
ness, and most inportant ones are given in figure 8.

Figurc 8. Tlrc nost inryortatu factorc for deJining v,all thicktrcss

3.2 Radii and roundings

Size of roundings directly influence qualiry of molded
parts and proper injection tool operation. Too small radii
could lead to bad fi l l ing cavities in tool, and to occurrence
of lesidual stresses which later cause cracks. Too larce
radii lead to defbrmations under coolins.

Figure 6. Properly positioticd inlet channcl cotuiderittg
u'ali t!ticktrcss
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An example of undesirable solution, which prevents e ven
cooling and causes residual stresses and deformations, is
in figure 9-a.

undcsirable desirable desirable

Figure 9. Comparative erantples of poper dinrctdonitry

Example shown in the figure 9-b is proper one because
even cooling is provided, and suitable radii enable good
toolfil ing.

Example 9-c is also acceptable one. Thinner wall thick-
ness provides even cooling, and carrying capacity is in-
creased by ribs positioned perpendicularly to bush iues.
fubs are also used for compensation of temperature and
humidity influences. To enable proper tool fil l ing and
easy removing of objects from the tool, in such cases
rounding-outs in the bottom and on the top of the rib ale
needed.

Some experience based recommendations on those
roundings are given in figure 10.

R - (0,2 - 0J )^{D
r = ( 0 , 5 -  I  )
t = ( 4 - 6 ) R
h-  (  t ,5  -  2  )  R

Figure 10. Recottttnended rounding dinrctuiotts

3.3 Working clearance conrpensation

l i ibological processes in contact area between pivot and
bearing bush generate heat expressed by temperature
increase AI, which could be determined by empirical
formula:

AT= V)rt)ttoz
rcl 6)

a collsecluence, cooling in contact area is less efficient,
and temperature incre:ise for plastic bearing bushes is
larger than for metal ones under the same tribological
condi t ions.

Thermoplastics have higher value of termal expansion
coefficient a than metals. As a consequence, during
tribomechanical systern run, bearing bush spreads to-
ward shaft aris, since expansion toward outer diameter
is l imited by significantly slower expansion of metal hou-
sing. It rneaus that working clearance decreases, and that
is the fact which should be taken into consideration [11].

Humidity in contact area of such tribomechanical system
could lead to increased bearing bush,s volume. That also
decreases working clearance and tl 'rus increases wear.

To compensate differcnce in temral expansion coeffi-
cient betrveen metal housing and bearing bush, as well as
volume change due to humidity, properly defined ribs
should be added on outer  d iameter  of  bear ing bush.

Well known rvorking cleaLance calculation methods [5],
[3] and recornmendations approved in practice [11], as
rvell as cornputer aided calculation on thermoplasticbea-
ring bushes, all enable fast and precise estimation of '

bearing bushes volume change in expected rvorking con-
ditions. Favorable solution which would successfully
compenssate such changes could be achieved through
those estirrrations. Regardless of nurnerous krown and
practically approved designs [11], there is no general
solution on therrnoplastic bushes. It is advis:rble, there-
fore, to take into account as much experience based
recommeudatiorrs as possible. This approach guarantees
achievernent of adequate configuration which would be
suitable for rnanufacturing, assernbly, use and mainten-
:rItce.

For lalge diarneters and srnall rotation velocities, bearing
bushes made of segments are suitable. Gap between
segrnents enable unlimited expansion of bush underope-
ration. One such solution implemented in dishwasher
with good operational results, is shorvn in the figure 11.
Both assembly channels and channels on the segment  for
contro l led wolk ing c learance change could be not iced in
the same figure. This solution enables segment fi-xation

DITJq| ION OI :  MOMENT

TI {ERMOPLASTICS

trsBBT i? !.f)
Sum of environmental temperature To and that tempe-
rature increase must be less than allowed workins tem-
perature ofbearing bush [4].

Important property of plastics is significantly less heat
conducting coefficient I value, compared to metals, As

Tibolog itt ittdustry, Volurne 19, No 2,1997.

l'igurc 1 1. Segnrctil of tlrctnrcplastic bcaring bwlr
lbr dishvvaslrcr
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without additional assembly parts, a significant proferty
for serial production aspect.

Solutions as shown in the figure 12, where the bush and
the housing are both made in the same tool for reduced
manufacturing and assembly time, are very frequent in
serial production of domestic appliances. Longitudinal
ribs compensate for poorer mechanical properties, corn-
pared to metal parts.

Figure 12. Vertical ribs to strcngtfun onc - piccc
lruusitrt! attd buslt

4. CONCLUSION

Choice of the most appropriate rorv thermoplastic, and
precise calculations on bearing bush should be follorved
by considerations related to injection molding technolo-
gy specifics and design solutions. Dimension correction

in final design phase enables favorable design solution.
This procedure enables econornical manufacturing and
proper tool operntion. Bearing bushes designed in this
rlanncr should be reliable, of appropriate life time and
easy reparable.

In tlre years to come, increased use of thermoplastics
should be expected in slide bearing bushes manufactu-
ring, as well as in produc,tion of tribomechanical systems
in genernl.
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