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B.IVKOWC

Tribology in industry - Z}Years With You

In already distant 1978, The Council

of Faculty of Mechanical Enginee-

ring in Kragujevac had brought a de-

cision, at the proposal of the Scienti-
f ic-Educational Board, on beginning
with publication of a scientif ic jour-

nal entit led "TRIBOLOGY IN IN-
DUSTRY'',

The origins of the entit led "TRIBO-

LOGYIN INDUSTRY" journal lie in
Publications of Laboratory for Metal
machining and Tiibolory, that were

published occasionally, as edition.s of

Faculty of Mechanical Engineering,
since I974. During that period, from

1974. ti l l  1978., 10 issues were pub-

lished, in which the results were pre-

sented of  the sc ient i f ic- research
work ,  r ea l i zed  th rough  p ro jec t s ,

mainly form the area of the tribologr

of metal cutting.

Members of the First Joumal's Coun-
c i l  were:  S.  Spasojev i i ,  f rom The
Chamber of Commerce of Serbia;
Mr.  V.  Kal i ian in and Z.  Proki i  -

ZCZ;Prof. Dr S. Savar - Faculty of
Machinery and Shipbui ld ing,  Za-
greb;Prof. Dr D. Zelenovii - Faculry
of Technical Sciences, Novi Sad; Prof.
Dr Branko Ivkovii - Faculty of Me-
chanical Engineering, Kragujevac;
M. Voljevica - Faculty of Mechanical
Engineer ing.  Mostar ;  Z.  Mi lut inovi i
- The Chamber of Commerce of Kra-
gujevac; and M. Lt.zic - Faculry of
Mechanical Engineering, Kraguje-
vac.

The Council rvas rvorking, miiinly
wi th these members and smal l  chan-

ges, unti l 1992., when ceased the need

for its eistence.

The First Editorial Board of the Jour-
nal consisted of: Prof. Dr B. Ivkovii -

Faculty of Mechanical Engineering,
Kragujevac - Editor in Chief;Prof. Dr
R. Zgaga - Faculty of Machinery and

Shipbuilding,Zagreb; prof. Dr S. Se-
kulii - - Faculty ofTechnical Sciences,
Novi Sad; Prof. Dr M. Radovanovii -

Faculty of Mechanical Engineering,
Belgrade; Mr. Z Palundii - Faculty of
Mechanical Enginee ring, Kragujevac
- Secretary; F. Pavlovii - Faculty of

Mechanical Engineering, Mostar; R,
Nikolii - FAM, Km(evac; and M. Si-
movii, Editor.

Since 1986. ti l l  1992. mernbers of Edi-
torial Boarcl were also: Prof. Dr A.
Rac, - Faculty of Mechanical Engi-
neering, Belgrade; Prof. Dr J. Vite-
Zanin - Faculty of Mechanical Engi-

neering, Ljubljana; Prof. Dr M.Lazil
- F:rculty of Mechanical Engineering,
Kragujevac.

S ince  1991 .  un t i l  p resen t  t ime ,  t he
Journal is edited by an international
Editorial Board rvhose members are

famous scientists from several coun-
t r i es  (Be la rus ,  Po land ,  Eng land ,
IJSA, \ 'ugoslavia, N{acedonia). The
core of the Boirrd consists of scienti-
f ic workers fiom Faculties of Mechzr-
nical Engirteering flom Kragujevac
and tselgrade, and Faculty of Techni-
cal Sciences from Novi Sad. With
translation of texts for years are en-
gaged Prof. Dr RuZica Nikoli i (En-

glish) and Mr, A. Milenkovi6 (Russi-
an).

The structure of the Journal did not
vary sirnificantly in past years. Con-
stant sections, until today, were IN-
T R O D U C T I O N ,  R E S E A R C H ,
BOOKS AND JOURNALS, and
SCIENTIFIC MEETINGS. Occa-
sional ly,  there were sect ions l ike
TRIBOLOGICAL DICTIONERY,
FOR DIRECT PRACTICE, and
NEWS, thert existed in several issues,
but except for the NEWS, they did
nt-lt get the permanent character.

Abstracts of all the papers were pub-
lished, until 1992., both in English
and in Russian, on the last pages of
Journal, in fcrm of cards, as it is fre-
quently done in scientific and expert
journals.  Since 1992.,  however,  the
structure of the Journal has changed
somewhat. Abstracts of each paper
are printed, in English and Russian,
at the end of each paper, what seems
to be more convenient for the rea-
ders, 1o have complete papers and
abstracts at one place, and abstract irr
Serbian is printed at the beginning of
each paper, below the title.

Besides publ ishing the Journal in
Serbian, with abstracts of papers in
Engl ish and Russian, s ince 1996. as
separate issue is publ ished the En-
glish version of the Journal, with se-
parate ISSN number, ent i t led TRI-
BOLOGY IN INDUSTRY. In the
first years of publishing the Journal
l'rad covered mostly the are of tribo-
Iogy  o f  cu t t ing ,  and t r ibomet ry ,
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though there were also published ar-

ticles from other areas of tribologry.
In last several years, however, in both

issues (in Serbian and English) are
present papers from almost all areas
of tribology. In the Journal are pre-

sent papers from Tiibology o[ manu-
facturing processes (cutting and met-
al forming), Tiibology of machine
elements, Tiibomaterials, Applica-
tion of lubricants and lubrjcation sy-
stems, Diagnostics and maintenance
of the tribosystems, Tiibometry, and
Terotechnologv.

In past nineteen years, the largest
number of papers were published by

authors that were employed at Yu-
goslav Universit ies, scientif ic institu-
tions and research departments in
leading industrial systems. However,
in last years, are present more and
more papers of domestic authors that
are work ing in  inc lust r ia l  systems on
jobs of  p loc lucts c levelopment ,  tech-
nology or rnaintenunce of the pro-
duc t i on  and  o the r  equ ipn rcn t .

The significant number of paperswas
published in the Journal by authors
from Slovenia, Croatia and Bosnia,
unt i l  1991.

The Journal TRIBOLOGY IN IN-
DUSTRY rvas a l l  these years,  and st i l l
is ,  the only Journal  of  sc ient i f ic  char-
acter, frorn the area clf Ti ' ibcrlogy, on
wider  former Yugoslav ian spaces,
from Ljubljana to Skopic.

About one third of all papers was
published by foreign authors. Among
them there were papers written by
authors from Russia, Belerrus, Eng-
land, United States, Polancl, Greece,
Bulgaria, Ronrani a, Japan, Germany
and Slovakia.

The users of the TRItsOLOGY IN
INDUSTR Journal  rvere.  unt i l  1991. .

all the l ibraries of all t lniversit ies,
Faculties of Mechanical Engineering,
and Scientific institutes in Republics

of former Yugoslavia, as well as all
the larger and medium size industrial
systems of metal working industry on
those spaces. The number of users
had  dec reased  s ince  1991 . ,  f r om
known reasons, so todzry the Journal
is sent to about 220 users in Yugosla-
via and 60 in other countries.

Unt i l  1991.  the greater  par t  of  puhl is-

lrirrg costs wus crtveretl from the scl-
l ing of the Journal, through subscrip-
tion. Last several years, the Journal is
being published mainly due to finan-
cial support of Ministry for Science
and Technologry of Republic of Serbia
and Federal Ministry for develop-
ment ,  sc ience and envi ronment ,  s ince
due to existing state of the domestic
industry, it was not possible to pro-
v'ide for enough financing from sub-
scr ipt ions.

In this year, in which the Journal
TRIBOLOGY IN INDUSTRY co-
mes twentieth time before domestic
and foreign scientif ic and expert pu-
blic, with both issues in Serbian and
English, the special efforts wil l be
done for Journal to enter i i l l  the en-
v i ronnents where jobs are done,  of
both scientif ic ancl e.rpert character,
that are concerned with rnaking the
greater gross product through de-
creasing the production costs and in-
creasing the work produ,-'t iviry.

The productivity Ievel in our industri-
al systems and the low cross national
product per capita, are consequen-
ces, to the great extent, of insuffi-
ciently organized constant fight for
reducing the iriction and wear, in nu-
merous t r ibo-mechanical  systems
both in industry and transport. The
effort is going to be done, througlr

Journal TRIBOLOGY IN INDU-

STRY, to point out to a large number

of people to the fact, known in all the

developed countries, that, by applica-

tion of existing. and creation of the
new tribological knowleclge, the con-
di t ions arc c lc i r ted for  increasing s i -
gnificantly, both gross national pro-

duc t  and  p roduc t i v i t y  o f  ex i t i ng
industr ia l  and t ransportat ion sy-
stems, even without expensive invest-
ments ancl  in t roducing the new tech-
noli.rgies. Erpelience frorn the deve-
loped worlcl point that by application

of tribological k-nowledge and solu-

tions, even 40 times larger profit can

be realized rvith respecl to invest-

ments.  In  some industr ia l  systems

energy consurnption decrease, thro-

ugh application of tribological know-

ledge, lvas as much as 10 %. It is

useful, on this occasion too, to re-

mind ourselves that by application of
t r i l r r r lor - l ic t r l  so l t t t ior ts ,  s i rv ings i r re
also realized by lowering the main-
tenance costs, lowering the produc-

tion costs, that are appearing due to
breaks in production processes cau-
sed by rvear of elements and produc-

tion and other equiprnent, by lowe-

r ing the investnrents in to the new
eqr-riprnent (the working l ife is increa-
secl fclr the existing equipnrent), by
lo"ver ing the consunrpt ion of  lubr i -
cants arrtd by lowenng t.he latror costs.

In Jubilee vear, an issue is going to be

reserved forpublishing the review pa-

pers from different areas of tribology,

in order to provide for the readers the
useful insight into the exsting level of
our knowledge, and to create condi-
tions for fbnning the new research
progrii lxs and new approaches to ap-
plication of existing knowledge from
the area of tribology in industrial and
Iransport l r t  ion systems.

'fribologt 
itt itultLrtty, Volurne 20, No. 1, 1998.
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C. GHEORCHTES, O. GHEORGHIES

Prediction of Case-hardening Steel
Behaviour in Rolling Tribosystem

Irt order to follow the tribol<tgical beltaviour of case-hanlenitry stce! ]2 I'Io],[nCr] L\JS, the rolling pure fiction
test on a libomodel have been used. Frorn the distibutiott ort ihe .su{'ace laycr depth of lhc sttttctural :;hatrges,
distittguished by X-ray diffractiort rnethod, the followittg cortatlwiori.c catt bc drawtt: the exislertce -itt inrter of
thc suriacc ln;'er of the case-ltartlet;irtg steel- of tlrc differetrce bett+'ectt rnecltatit'ni anrl ihcnnal effects whicl't
det,elop duing pittirtg tcst; this .fact tr cottsidered as a trcgative jactor ott lltt: slructural ortd dimettsiorrtl
stabilities; the existertce ott utrface layer deptlt oi a notthomogeneiry- for iiurcr secortd onler tensiotts, this facl
shovys that it is possible that sonte microcrock oppear irr this arca; tht txislcttce oJ'a cotiact pressttre limii
v'hich catt be stressed tlte case-hartlerirtg "steel.

Keyw, o rds : s t e( l, Irib o t nod ellitry slnrc Iure
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l . INTRODUCTION

The machine-building researchers' interest has recently

been the question if certain expensive materials can be
replaced by less costly ones. Thus, in the field of bearing
manufacturing attempts are made to replace the steel
RUL-1 (STAf 1156/1-80)  Lry case hardening steel
21MoMnCr1 2XS (STAT 79 1 -80).

The paper presents the results of experiments carried out
to test case-hardening steel behavior for pure roll ing
friction and linear-contact.

2. PRELIMINARY CONSIDERATIONS

l tre pure roll ing friction is a complex process of physical,
chemical, mechanical and metzrl lurgical nature. It leads
to damage bir pitt ing weur of t ire surface layer. The
surface layer has ir decisive role in tribological behavior
of the steel during pitt ing tests. The surface layer begins
from the physical separation l irnit of the two bodies that
are ir contact. It stretches into the inferior of each body
to the depth where the disturbance of the crystall ine
lattice ceases [8, 9]. The thickness of the surface layer
depends <tn the type and intensity of stress. It varies from
several atomic luver thickness (in case of wear by cherni-
cal processes) vrl l l500-1000 pn (in case of dry friction).
The sLrr face layer  h i rs  a complex st ructure.  One of  the
complete pattern for the surlace layer hits been given by
L.  I .  Bershadski i  [9 ] .  In  h is  concept ion,  the sur face layer

Cot ts t  a t  t  t  i  t t  G h e o ry l  i  t 's ,
Urittensi'- "I)tunrca dc Jos" of Galati
Ovidiu Ghectrehie.s,
Utiversiry" "Al. L CtL;n" of In.si, Romattia
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is presented taking into account the interaction behveen
the sol id  body ant l  lubr iuant .

In orcjer to sfudy the behavior of the surface layer in
clamage processes (friction and weerr), the notions of
tribosystem, triborrrodel and triboelement have been
used [3, 6, 8, 10]. The tribosystem is an ensemble formed
of four eieme nts: the base triboelement; mobile triboele-
ment; intemrediate rnaterial; working mediurn. The spe-
cif ic feature of a tribosystem is the presence of friction
and its result: wear and fatigue. Data from literature [1,
3, 4] have allowed to rnale a classification of the tribosy-
stems on the base of  the t r iboelements re lat ive mot ion.
Thus, according to [3, 8] there are: sliding (friction and
ant i f r ic t ion ; ;  s l id ing-ro l l ing (ant i f r ic t ion) ;  ro l l ing wi th
forced sliding (friction ancl antif i ' iction); sliding-roll ing
(antifriction); roll ing with forced sliding (friction and
antlfriction); abrasive and cavitation tribosystems.

The tribomodel is a tribosystem that is manufactured on
based on the similarity theory and performs the same
functions as rcal tribosystern.

The test of the materiais on tribomodel presents some
aclvantages [8, f 0] r 'ersus the test "in situ" because it
a l lows:

. the finding of the comn-randing parameters which lead
fo a minimizlng rlr lnixirnizing the clirmage processes
of  t r iboelements:

. the application of the rnultifactorial planning methods
of expeliments.

The t r ibomodel l ins methods [11]  should keep in mind
the following aspects; the charactelistics of tribclele-
ments and t r ibocor ; tucts;  the establ ish ing the test ing con-
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ditions; the selection of the quantit;rt ive and qualitative
parameters showing damage degree; the finding of the

mathematical models in order to establish the depend-

ence between the damage choice parameters and tribo-
physicai ones.

3. CYBERNETIC MODELLING OF
TRIBOSYSTEMS

ln order to establish and to control the action of the main
factors that determine the damage process by pitt ing, for
the tribosystem, the concept of structural cybernetic mo-
del [10, 11] has been used. For the same purpose, Czichos

[3] -in some rvorks -has used the concept of the energe-
tically wbernetic model. Using of the structural cyberne-
tic model enabled to characterue the surface layer frorn
the physical point of view and not energetic.

In frame of the structural cybernetic model, the tribosy-
stem is presented as a black-box where are designed

input parameters (.1, Cr); commanding parameters (U);
output parameters (S,l C,') and the paraneters which
assess the darnage degree of the surface layer, as e. g.
wear. This model, rvhich allows to follow -in a systematic

manner-tire changes of the input parameters of the sur-
face layer subjected to pitt ing process, is presented in
figure 1.

The input-output pararneters can be grouped as: geome-
trical (macro and microgeometry -q);mechanical (hard-
nes.s - rJ, tension state r3); physicometallurgical (cherni-
cal compositionr;, structure -;r5, purity -.16) parameters.

Ones from mentioned parameters, for e. g., hardness -

rr, tension state --r. i and structure -xj, ciur be changed in
a convenient nturner. In this rvay, the durabil ity of the
tribosystenr can be contrcrl lecl, within certain l irnits, at
one's choice.

6

Parameters (C1) of the tribosystem can be: level of noise,
shape and dimension of contact area, d1, clearance be-
tween triboelements, d2.

Commanding parameters ([.f, called external factors,
are the parameters which can modiff ones from the
parameters of the surface layer. These parameters can
be grouped in: constructive (shape of triboelement-U1,
dimension of triboelement - U2); working parameters

(kinematics - U3, energetics - Ua, working medium- U-5).

In the bfack-box, the inpui paranreters X; (i=1-6) are
subjected to changes -in relation with time, t, or depth, h
(as in this paper) under action of commanding parame-

ters, Ur; (i=l-5). The knowledge of function 'f '  or "9"
allow to describe the evolution of ,\-parameters and,
finally, the estimate both the history ancl prediction sur-
face layer behavior in various stress conditions (e. g.
pitt ing process).

4. USED MATERIALS, PITTING TESTING
MACHINE.

In order of follou' the tribological behavior of case-har-
dening steel l2MoMnCr12XS, the roll ing pure frictfon
test on a tribomoclel have been used. The tribomodelrvas
mounted on an original four-ball machine. In figure 2 it
is presented this tribomoclel where: 1-testing roller; 2-
pressing roller: 3-lever for transmission of pressing for-
ces, F. The testing triboelement (testing roller) was mel-
nutactured of case-hardening steel. This roller had the
dinrensions: Qoutsi, le = 30 tnnt, Qi,tsila : 20 mm; width,
l=12 mm.It was subjected to el thermal hardening treat-
ment (heating in rnelhane gas at 850-B60 oC and main-
taining a periocl of two hours, being followed by a quen-
ch ing  i n  o i l  anc l  an r rez r l i n { ) .  The  th i ckness  o f  t he
hardcned layer rvas of 0.6-0.8 rrtm and the hardness of
62 i- 3 I-IRC. The pressure of contact, P, has been chosen

constructlve

fu '= f  { t .s . .c -  }
d t  

J L  r

i = l - 6

!; = r1',t,,cr \

I|iboiogt itt itultrstry, Voltrnre 20, No. 1, 1998.



Fig.2. Used tibonndel

in accordance rvith SKF standarcl and it had the value

1900 MPa, 3300 MPa, 4700 MPa. During the pitting test
of up to 106 cvcles the l inear-contact benveen triboele-
ments were continuously lubricated with a special oil,
ensuring a thermostatic control i i  c\0't- lnC.

5. EVALUATION OF THE STR.UCTUITAL
CHANGES, EXPERIMENTAL RESULTS.

From all parameters of the surface layer, x;, i=1-6, only
tension state, -rJ, and structure, -r5, have been studied.
Thus, their distribLrtions (as value) over the depth, /r, of
the sur face laYer af ter  p i t t ing lcst  were invest igatec l .  In
this aim, the tested rollers u,ere electrochemically polis-
hed using a spcciali i . '  nranutactured installation.

The chemical composition of the electrolyte was: II jPOa
- 750 cnts; H2SCa-t8A on]; Croj-100g; H2O-280 rnl.
Density of electric:t l cr.lrrent of electrolytic cell rvas l=0.7
Alcrn2.Dur ing pol ish ing the sample (anocle)  by means of
an engine wris rotating rvith frec;rrency of 6.25 Hz. T'his
mot ion assures l r  homogenei ty  of  both cc lncentrat ion and
temperature of electrolytic bath. Also, a cooling coil did
not allow heating of the solution. By applying an electro-
lytic polishing technique, lal,ers of 50trinr thickness',vere
successively rernoved from the tested triboelement.

Alier eacl: polishing, the tested roller was mounted on a
X-ray diffraction equipment, type DP.ON-3 (XMoKe,
tl=38kV, I:22 rrt4, .91=l mnt, Sz.=0.1p74). From the13
andx5 parameters,  have been evaiuated:
a) relative percentage of residual austenite, YR(o/o),
using the relation: VR(%) = ftul(a/o)]n*s [R4(%)]1,=0
is the percentage of  res iCual  austeni te at  sample sur face.

IRA(%)]n*o is the si 'rme size insicle of the surface layer

Tibologt itt ittdistry, Yolume 20, No. l, 1998.

at ciepth /r;
b) the width 821 1 of (2,/1) diffraction l ine corresponding
to l r i r r tensi ts  phase f rom case- l tardening steel  (8211 is  a

size proporl ioiri l l  to tetragonality degree, cia, of marten-
s i t e  phase ;
c) the rvidth 8220 of (220) diffrtrction line of ferrito-per-

l it ic phase from steel (8226 is a size proportional to inner

second order tension, .t11 from crystalline lattice);
d) the ratio (l,,, inll,rn) which is proportional to disloca-

tion density,p, from crystalline lattice (1,r,;, and I,nor) are

respectively minimum and maximumot Q20) diffraction

line.

In figure -3 it is presented the depen<lence of size !tR(o/o)
versus depth, / 'r. Frrrrn this results that:

a) in an init ial stage c'rf testing (P:0 MPa), VR(%) de-
creases down to half its value from the surface to 500 pun

depth inside thc sur-face Iayer;
b) at pressure I'=19a0 MI'a and 3300 MPa, respectively,
the developments along the depths have a quite similar
appearance, while at P:fi40 MPa is lower; this can be
due to the resulting rnechanicii l  effects which develop
and iead to a pha-se transformation of type I'"y - Fea
c) at pressure l '=4700 MPa, VR(o/o)varies in steps taking
higher values that  the in i t ia l  ones;  i t  is  i rssumed that  th is
js  d i ie  to sonre local  l i igh ternf ieratures which cause
transfomations oi the type l ie(r - I;ep.The appe arance
of thus high ternperlture has been mentionecl by A. V
Or lov [12] .

1 1 0

r0c

90

r p,'0]'., 'o ]
P=.l9Crll,li'lrl
P..3.i fti'T \ rj
P=f i f , ) l1 ihi

. l

I
L__ __

Fig -). Dependant:c of Vll(Vc) ut lt

In figure .tr it is presentecl the evolution olong clepth of

the size B'>11-cla. Alalyzing this figure results;

a) the magnitude of -8177 is smaller for P=1900 MPa aml

3300 h[Pa comparative with the case when I'=4700 lvtPa;

this fact c-an be explained by these mechanical effects

rvhich develop during pitt ing test and lead to disintegra-

tion of tetragonal martensite Fea(TBC) in cubic marten-
site l;ea(BCC).

b) at pressure I '=1700 tr([1t, t lrc size B2l l varies in steos

60

50

I'A

I
f -
I
L

0
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Fig.4. Depetdence of 8211 ott lr
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as relative residual austenite; this fact can explained by

appearance of high temperatures inner surface layer

which have various values at different depths; the corre-

lation between the two sizes displays transformations of
type Fea(TBC) - Fca(BCC) and Fey - Fea(BCC) or
Fea(TBC);
c) the size .8277 strongly varies up to 200 prre inside the

surface Iayer and it follows a stabil ization.

I n  f i gu re  5  i s  d i sp layed  the  dependence  o f  s i ze

8226-oflh). From presented data results: the inner se-

cond order tensions have a peak between 100-200 pm

depth, while the cuwes IJ2ao = Bzzo&) are alternately

placed for the three values of the pressure P. This can be

accounted for by changes of the prevailing mechanical

and thermal effects at variorrs depths during pitt ing tests.

Fig. 5. Dependcnce of B2x1 ort h

In figure 6 it is presentecl the evolution on surface layer
depth of the size (l,,rirlt,or)22a. The shapes of designed
cun'es are similar for the three pressures. At P=0 MPa
maximum of dislocations density is located at a depth of
300 1.un inside the surtace layer. At pressure of 1900 MPa

8

Fig" 6. Dt:ptndrnce af (l,rullrnut)220 ort lt

is found a decrease of the general dislocations density
level. The maximuln of this cun'e is situated near sut{ace
of the sur{ace lrryer. For 1' = ,}300 tr[Pa zrnd I'>:4700 MPa
the maxima of curyes remove inner of the surface layer,

having the same values ancl are located in the sarne area
approximately. This fact shorvs that the annealing ther-

mal treatment is not enough or should be performed by
an another diagram in orcler to reduce the level of the

dislocations density.

6. CONCLUSIONS

> Using the concepts of the tribosystem, tribomodel,
triboelement and surface layer it was possible to pre-
pare a pitt ing testing program in order to establish the
t r i bo log i ca l  behav io r  o f  case -ha rden ing  s tee l  21
MoMnCrl2XS recommended for replacing the bea-
ring-roll ing steel RUL-1,

> From the clistribution on the surfac:e layer depth of the
structural changes IXS=XS&) andX5:y511't)] - distin-
guished by X-ray diffraction nrethod-the follorving
conclusions can be drawn:

a)  the ex is tence -  in  inner  of  the sur face layer  of  the
case-hardening steel - of the diference behveen me-
chanical  and therr ra l  e f fects which develop c lur ing
pitt ing test; this fact is consiclered as a negative factor
on the st ructura l  and d inrensionul  .s tabi l i t ies

b) the existence on surflce layer depth of a nonhomo-
genei ty  fo l  inner  secont l  order  tensious which,  at
ctepth of 100-200 1trn, has a naximum value; this fact
shows that it is possible that sorne microcracks appe-
ar in this area

c) the existenc:e of a contact pressure l imit which the
case-hardening steel can be stressed; a higher pressure
(over the nrentioned iimit) can Iead to appearance of
-some phase transformations (e. g. Fea*Fey) which
are not recr.rmrnencleci for case-hurdeninu steel.
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> The presenied nrethodoJr:gy ztlrr, l obtainecl cl:rta cart L,'c
used in engineering design in order tL) repiace some
expensive mat erials with other cheaper but with sirniiar
performances.
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Research and Method Concerning
the Experimental Values of the
Average Friction Coefficient on the
Tool's Flank in Machining of Carbo4
Steels with Speeds up tc 1600 m.min-l

This paper refers to tl'te frictiort phetnmetton ott the too[s Jlat* itt tunittg. A tnetlttxl t*cr! Io delerntirte tlrc
at,erage coefficient of fictiotrott tlte tool's flank is presetiled. Thi.s rnetlrctl is.suslaitrcLl by erlteimuttal rc.re arclt
obtainul in high speul turuirry of carbon steels (v',itlt spculs u1t to 1000 nt'ntiti' )

1. THEORETICAL CONSIDERATIONS

Knowing the value, the distribution for the physical corn-
ponents (the friction force and the plastic deformation
force) and the ratio between them is very important in
theory as in practice because all these influence the
wear's growth irnd its evoluticln speed. As the costs nee-
ded to restore the cutting properties of the tool and to
replace it are going to increase the fabrication costs, it is
very important to manage the friction and wear pheno-

menons in metal cutting.

A lot of scientif ic papers were publishecl, regarding the
external friction phenomenon, the friction coefficient
and the factors of influence, but the results are sometime
different and mosf conrrnonly they have gotten different
interpretations. Ar e.rplarnzrtion for all these is the fact
that  a l l  these as1- .sc1s \ \ 'erc l rezr tet l  us ing yar ious s impl i -
fying hypotheses.

Sorne authors consicler that between the tool and the
chip, or befween the piece and the chip, or between the
tool and the piece, is a dry adhesive or abrasive friction,
and some other authors solve the same problems for
humide friction (consrderinr the cutting fluid involved)
or they consider that on the contact surface is a rnLxed
friction, f igure 1, [8. 19]. The bibliography relative to that
subject shows that in order to detenline the fl. ictiun

Reader Dr. Etry. DtLrnitnt,4ntarutttlei,
"Stefarr ccl Marc" Uttit,crsity of Succat,a,
Professor Dr. Ette. lllircca cotnitu'a,
"Glrcorghe AscLclti" Urtiversitlt of J,1t1,
Lcctttrcr Eng. Datt,Setrtcttcitu',
"Stefatt cel Mara" Unitl:rsi4, oJ'Srtceot,n

10

WORKPIECE
adhesion tvelditrg =!-

adhesion r:ones

Fig. I. TIte,eat coutact s,.l,,j!,!rc|jJt,ntetaI cuttitts usutS

components and the friction coefficient both analytic and
experimental rnethods itre used.

The real extern friction forces in metal cutting depend
on the real ccntact srlrfaces betrveen the tool and the
piece [4, 9]. For ti ie tools with preset edge (figurc 2), the
friction surfaces fbr a section given by the plane made by
the cutting speed. y, irnd the flowing speed of the chip,
\ ) t ,^re g iven by the re lat ions (1)  and (2) :

Ay= l '  l r r 'cosr7 Q)

^ -
Ao-'7' 

,r;,i,, "^try 
(2)

i t  is also shou,n that the frictiorr force on that sulface
clepends on the cornplex phenomenlr  connectecl  to  f l ic -
tion and on the nriclo-topography of the surfaces in
contact (f igure 2). fhis force has three contponents: the
tearing force fbr the acihesions and bridges (Forr), the
force neeclcd for thc elasto-plastic deformations (F,4,0
relatecl to the chip flowins and the tearing fbrce for the
micro-roughness,  re lat ion (3)  [17] .

7i'iltr>logv in ittdLtstry, \blume 20, No. 1, 1998.



Fig 2. The rea! area of cotltlct

F,F' = Fo, + F,p1+ F-1,n 6)

The specialty l i terature [1...12] underiines that in order

to determine in practice the friction force, the most used

relations remain those based on Coulomb's dry friction

laws (relations 4 and 5), or those written as functiotrs of

the force distribution on the contact surface (relations 6

and /  l .

t l

P = Hr. oy.f. acdot C11 (4)

F '  t r t o '  F ' ' ;  ( 5 )

F = ,r,or' l '  lr ' , '  cos r1 6)

A c

F' = r,,. l. iL . cr,t n (7)'^ .slnu

So, the calculation of the friction forces, using the rela-

tions mentionecl abcrve aild based on the value of the

friction coefficient, the plastic deibrmation force and the

area of the contact surface, is diff icult and imprecise, and

that's why it is preferable to cletermine these fbrces by

experiments. There are viir ious constructions of devices

used for experiment.rl cleterrninations of the forces and

of the friction coefficient in crttt ing. The analysis of these

devices sl. lowed that the dynarrrometric constrttctit lns

used are very complicated, and sometimes they have not

the reliabil i ty and the rigiclity necessary for the re-

searcher's scope. That's rvh,v they are used onlv for nclr-

mal  cut t ing sPeeds.

This paper presents a me thocl for deteimining the ft lrce

and the friction coefficient betrveen tire tool and the

machined piece. and the experimental results obtained

in semi-orthoqonal turtiug, nodeled as according to [5 ]

Tlibologt itt ind*stry, Volume 20, No' 1, 1998.

2. METHOI} FOR DETERMINING THE

FRICTION FOITCE ON FI-ANK

SUR.FACE

Determining the friction force on tl ie f lank surface in

that case was macle with an observation: the chip's for-

nring clisrippears witen the clepth (l) of metai's layer in

contact with the tool is equal to the elastic deformation

(Ar), (c:A*) [3, a]. In that moment. on the curves obtai-

ned bv experiments (figure 3), for the conrponents Foo

I;o\; I;,,2 of the cutting foi 'ce, a corresponding threshtl ld

appeiirs.

It is obvious tl iet *'hen the feed is suddenly cut off '  the

folce decreases rtnti l a certain value is reacl-red and then

the variatiorr is i l loirg the arc c-tl or a landing g-h' The

length of the i lrc t lr lancling clepends on the paper's feed,

but the nromeilt of the appearance (points I and g)

correspontis trl feed's siop (figure 4).

Admitting that the cutting does tiot take place at a deptlt

tt=Lr, it results that the friction force on ihe contact

surface with the machined piece czln tle considered as

being the force corresponding to points d and g on the

experimental curves. The corresponding value is the fric-

tion force ttn tire flank sur-face' corresponding to the fi lst

rotatir-rn after the feecl's stop. We can see that the arc

(lancting) appears to all curyes, so it means that the

friction force t-.n the flank surface is consists of three

cor.nponents {,, 1r, ir nC -F, and t}re resultant force can be

obtained by relation (8).

I:' .- ^ii-a rj: i F,'

3. PHYSICAL-GEONIETRICAL MODBL

}-OIT DETERMINING THE NORMAL

FORCE (F'x) T0 THE FLANK SURFACE

The phi;sic:rl atlcl inathetlaticirl model proposed for de-

teruiining the nt-rrrriirl forcii to the flank surface 11ry; is

clescribccl in Ii,.s], for high speed cutting' For a crttt ing

tooth with a seneral shape eclge, relative to the MXYZ

system, figure 5, thcre were established (based on analy-

tical and m;rtrlx geonetry technics) the relations (9)

between the compr;ncnts of the friction force (F), the

plastic defonnation force (I7g) or.r the rake surfztce, the

conlponents iI ' ') ancl (I ' ,y) on the flank sur{ace, the

inertial coinpi)l lent (/ i) and the experirnentally measu-

rairle cttmponents 1.,,o I'-ou I'-ur.

A r  l t t  C 1  r  N 1 l

A t  l l '  -  C '  r  , \ '  l '
. ' t t  s ,  C.3 ' t '1 l

This systenr {9) can be solved it l trvo situations. in tirese

C A S C S ;

(6)

'il-l:ll (e,
;^'] L.4i

1 l
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Fig. 3. Erperintental cuwes obtained in stalic measuretnents in obliquc tuning of steels
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Fig 4. Etptritrrcnta! curt'es oLttained in dyuntic
nlea^\urotrcnLr in oblique tunrittg of steels

1. - the friction coefficient on the flank sudace is assu-
med as known, it is approximately constant, with va-
l ues  behveen  0 .1 . . . 1 .9  [ i 3 l ;

2. - the values of the component (l7) on the flank surfa-
. p  a r c  F v n c r i  m e n t e l l r r  r l o t  e r m i n e r lL U  s l  r  U  P L  r  r r r r L r r r ( l r r j  u r  L U r  l r r r r l u u ,

Knowing the coefficientsA;, B;, C; and Nr1 (i=1, 2,3/, the
friction force (F ) on the t-lank sur{ace or the friction
coefficient p', and the components -Fo,,, Fr), Fo, experi-
mentally obtainecl, after solving the systenr for one of twcr
situations the components { F61 1 and F,y and the ratio
between thern cun be calculated.

t2

/ '

"grvj r

\0,

Iig 5. I'hysical-geotnalrical nrcdal for a cutlittg tool
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4. EXPERIMENTAL RESUI,TS.

4.1. Machining condit ions

In order to determine the friction force and the friction
coefficient on the flank surface, tests were carried out in

cylindrical external oblique turning, using different cut-
ting speeds [3, 4]. The experinrents were made on tt

modified lathe, with a 16 KW engine and an electronic
variator for the rotation. The workpiece had a disk shape,
mounted between chuck and dead centle, made fronl

OLC 15 steel. Ttie tool used was a mineral-ceramic one
(SiAlON CC 680 E), type SNUN, rvith the geometry
k=70,  y=6,  7:6,  a:6.The measurement  chain used was
composed of a piezo-electrical clynamometer type 9527 A
(I{istler), a charge amplif ier, a recording apparatus and
the PC computer.

4.2. Experimental results and interpretation

The experimental values obtained for the friction tbrce
and friction coefficient on the flank surface as function
of the cutting parameters allow to design the variation
cuweslto=f(t,), ,u,.:f(f) ancl p,,--f(a) in figures 7,8,9.
Analysis of these value-s shows that force and the friction
coefficient on the flank surface depend on the cutting
parameters (rl .f c). For speeds vp to 250 rnlmirt, t l te

temperature rises to 4()ffC, the mechanical charac-
teristics r,,f the work-material are less affectecl.

When the speed is greater than 200 mlrnitt the tempera-
ture rises. the rnaterial is rrruch stronger plastif ied in the
cutting zone, und its f lorving resistauce decrcrrrses. On the
flank surface, where the rraterial in contact with the tool
is not s<.r highly plastif ied, the friction is rveak ancl so the
friction force -l" (l ' igure 7a), the nrtrnral force ,l '2y (figure
8a) and the ratio between thern (figure 9a) decrease for
47Vo, 30o/o and 21.7c/r;, respectiveiy. For speeds greitter
than 7-j0 ntlmirt the influence of the speed on the ciete-

tribolog' itt itrltutrlt, Volurne 20, No. 1, 1998.
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Fig. 8. lhrintion of irc nonnal force to the flnnk
suiace as a functiott of cutling paranrctet:

a - speed; b - feed; c - depth ofcuuing

rioration of the physical cornponents is much weaker. As
a result, the fnction force J? increases for 337o,while the
normal force F17 is approximately constant ancj so their
rat io  is  s i tuated between 0.15. . .0 .21.

The feed's influence on the friction force F (figure 7b),
the normal force Fry (figure Bb) and the ratio between
them (figure 9b) is explained based on rhe fact that the
tearing angle ((p) irtcreases and the longitudinal coeffi-
cient of plastical cornpression (Cni) decreases as the feeci
is higher. When the feed increases frorn 0.1 to 0.-i mn/rot,
the friction force,tr and the normal one,l.y increase fronl
25.7 N to 62.1/y' and fron 103.1 N to 351.2 { respecri-
vely. The decreasing tendency of the friction coefficient
as the feed increases can be explained because of the
slower increase of the tangential friction stress on that
surface, ascribinq to the normal stress due to thermal
effect.

The influence of the cutting depth on the friction force
I (figure 7c), the normal force -[,y (figure 8c) and the
ratio betu,een thern (figure 9c) in oblique turning of OLC
45 steel, shows that the values of these components
increase clue to thernlal stress, as a result oflclrver snecific
prcss i t lns on c()nt i rc t  sr r r f t rcc ,4.

1 A
t +

f-"*
l - ^ -u  

'

lllfa - I

Fig. 9. Variation of tltc cutting specd and the ftictiort
coefJicicnt as jitnctiott of cutting paranrcters:

a - spced: l> - fced: c - tleptlt of cuuitrg

5. CONCI,USION

The results obtained using the methodology proposed
above are close enough to those obtained by other aut-
hors in their experinrents [4]. The friction force and the
friction coefficient on the flank surface of the tool de-
pend on the cutting pzrrameters. and their values decrea-
se with an average of 251)b for 100-800 rnlrnitt cuttiug
speeds, as a result of a rnuch lnore i lttense therntal effect,
influencing the mechanical chiiracter-istic.s of the material.

NOTATIONS:

l )  -  cut t ing speed;

f ,, n - ship's section;

Fa - friction coefficient on the flank surface;

lty - fricrtion coefficient on the rake surface;

Ty, oy - tangential, notrr. al stress to the flank surface;

Tn, o,z - tangerit ial. noll lal stress to the rake surface;
Tt,r,r, - maximum tangential stress to rake sur{ace;
(Pd - base plune;

Ii'ibolog, itt itftlustty, \blunre 20, No. l, 199g.



(A") - tangent plane to the flank surface, in Nl;

(,\) - tangent plane to the rake surface, in M;

(P) - pressure p)ane (normal to the effect. speed)

vector i. - the resriltant speed, in M;

T -  tool  angles:  cut t ing edge angle,  rake angle,
tlank angle, cutting edge inclination angle;

K, f  ,G, ,1 -  tool  angles:  cut t ing edge angle,  rake angle,
tlank angle, cutting edge inclination angle;

Ke,Te, ee,,l.. - working angles: i,r 'orking cutting edge
angle, rvorking minor cutting edge
inclination angle;

rl - angle bchveen the chip's flowing direction
and the vector N, measured in (Ay) plane;

fu -  cut t ing force;

FD Fv Fz - conponents r.lf the cutting force along
lhe axes of the lvl.ryz si/stem:

Fy - plastic deformation force;

f , f  - t n c t r ( ) n f o r c e ;

Cat - plastic c.leformation coefficient.
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Rheological modeling of gels for pipelines technology
is usually descdbecl by the Bingham plastic model
(equation 1). But, they do not simuli ite fluid behavior',
particularly in the lo*'shear rate range (fig.l).

Using the Bingham plastic model results in the pres-
sure losess larger than observed in the field. The yield-
power lzrw mociel, developecl bv Herschel and Brrlkley

L  1 0 1 k1, ,  's

r  -  r o  r k ' S "

w se 1w fl00
Shear rate, s

ln  these equat ions:
t = shear stress (the ibrce per unit area required

to move the fluicl at a given shear rate);
t0 = vield stress (the shear stress required to

init iate florv or. the shear stress at zero
sl terr r  r : r te) :

,S : shear rate (fluicl velociry clivided by the radi-
us o{'the pipe through which fluid is moving);

k , = coefficient of plastic viscosity;
k : consistenr:y index;
r r  :  l l r r i r l  f iow index.

2. THEORETICAI, ASPI'CTS

Rased on t i le  mir tcr i i r l  const i t r r t ive re lat ion,  equat ion
(2), and the follr lvins eqrrality, ibr a viscomerric mo-
venlent (neeleciinu the nrlrss forces):

2. n- r ' L.r -. ;r. 12 . AIt

\
\
..i
4
qi

'1:

U

t )

(2)

Fig. L Binglnnt plastic ntodclittg (.t - c.rperinrtttalt'alucs)

Floreo Floriott, Dragr>rnire.rcu I.,4lexnrtilnt
Iccrp S.rl., Pkirsil. RotttariLt

1 6

(3)

Synthetic Non-newtonian Fluids
Based on Polvmer Gells
II. Rheology of Polymer Gels for

The papt'r presetil lhe research dct,eloperl Jbr e morc aact class'iJit:ation oJ tlra .rynthctic fluitls based ott a
polyrner gels into a runt-Newtottiatt.flow model, irt the.ftLnn: t =To*k'Snwherc ( is lhc she:ar stt'ess, T6 the yiekl
.slrer.r, S the shear rale, k artil rt tnalerijnl coe.fficietils.

Irorn the erpcimental resuh.:s uul adopted flov+' model werc calculatu! Ihe rnau:rinl coeflicit:rtts values k and
n, ftutctit>rt o.{ the yield slress atrcl shear rate.

Keyvords.' Syrthetic .fluid, Gt:1, Rht:ology, Nort-Newtrttian Jlotv rnoilal.

r. RHEOLOGY OF GELS

Determine Their F'low in Pipe-line
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r o  ^ 'K -  r h : t t  - ,  
i )  

J  ( 6 )

wlrere r* : (Lp.R) (2.1,f1 is the wall shear srress,
Wrr=Q'(n'R2;-1 is the average velocity (e:flow rate),
ro=2'L'to'(Lp)-/ and:

A - t .2n . (3n t  1)-1 . t t  - ' f f  *

-  2n.(2n + i ) - r  .  ,o .  R 
1.11 , (7)" \

given the velocity distnbution in the form:

! 1
|  , . _ l l n  r  \  .4y'  = 
lAt t . (2.k .L)  

'  
l '  ( / "  ,o) ,  , t r  G)

In relations (3) and @): Lp is the pressure, L the length,
r the radius and ro=).1.1o.(Lp[] is the radius of central
zone which has a constant velocify, w, (f ig.3).

In (3) are presented ihe equations for shear rate and k
parameter, in the fcrl lowing form:

J - ( r r +  I ) . n  
I . ( . l l _ r r r ) - t . 1 4 / , , , . A - ,  

( s )

Table L Erpeimettal values

With relations i5), (6) and (7), k and n paramerers can
be determined. But, is necessary to have the values for
R, r, T, A,p, L, W,r, etnd tr,r.

3. EXPERIMENTAL RESULTS

The capil lary tube viscometer with a poiseuil le f low
(ASTM D 1092) rvere used for measurements. For test,
there were used two gels with characteristics presented
(table 1) in the secrion I of this paper. The results of tests,
at 300K are shown in talrle 1.

The yield stress is calculated using the equation:

r , , =  ( & . R ) . ( 2 . L )  I  
6 )

The pressure (&r) in the reservoir of the capil lary tube
vrscorneter was lncreased very slowly and the start_up

Fig 3. Gel flotu in pipe velocity distibution
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yield stress of a gel rvas determined when the gel hegan

to flow.

The parameters k and n can be calculated using the

relations (5), (6) and (7) and the experimental results

presented in table 1. by the following method:

a) Shear rafes, for various values of rr (table 2) are cal-
culated using relation (5) and (7) and the erperimen-

tal results {tabie 1);

b) The shear rates thus determined are used, together
wi th re lat ion (6)  and the resul ts  of  table 1,  to  calcula-
te the values of k tactor and it 's average site for va-

rious values of rr (table 3);

Table 2

0.86 I 0.87,iib"i ,-';^ i,fi'l "
3l_ L qo g l, ?o!, _! ?9,7 | qq-,6 ] 2o:g_L?g es
6.s-i *iijo*-l i"" i *u I zs;s-l-zss_t-

43.4 | +e.z j as I 42.7s \ 42.s I az.zs I +z I at.t
6."is i- 6.;-l uo* T *f 

-i;g-oi[ 
igif sg i--t *

-  - f - - -  - - - -  1 - - -  -  - j -

86 i as.o I as,z 1 e+.e I sa.+ I uo j as.o
Gi;l u;7,,ro oi- , rol ilirr l ris--T tzqt1277s]1  tz t .z  i rzo .os  i  rzo . t  I  rzs .s  j  res
,r"-J 'o{ i'*l;i.1 l- *' l19o' 102 .9  

I  102 .4  I  101 .9  I  101 .4  i  101  1100 .55  I  100 .1  I  99 .6

-rlg--@-r:q i-[.ealr1qlJ-r11r1 5 3  1 5 2 . 4  1 5 i . 7 5  I  1 5 1 . 1  I  r 5 0 . 4  1 1 a 9 . 7 5  i  1 4 9 . 1  I  1 4 8
^^ ; ; -  i  ^ ^^ -  l - ^ ^ .  -  - -  . .  ,  - : ^  -  

^ ^ -  I  *
?337P_ 2326 , ?31 I 23oe 22ee 22e -_228 _ l  4!

415.6 |  414.1

Table 3

t-t,

m'10 -3
[o,

m.10 -3
1 -rolR Tw

Nm-2
n 0 .81 0.82 n  o e 0.84 0.85 0 .86 0.87 O.BB

1 .890 '1.326 0.2984127 4275 108.332105.495102.745 100.08 97.693 95 .182 92946 90.582

1 B9o I 1.28 ) Os42s2B1 4.562 98 .150 95.239 92.425 89.705 87.199 84.775 o z . J  t o 79.938

1 . 8 9 0 ;  1 1 3 4  0 4 5000 I  a t  < a t
Y Z + . J J J  ] Y I . I O / 88 .156 85 .318 82.585 79.869 77.251 74.728

1 . 1 S 5  I  0 . 6 2 5  t O 4 7 2 s 7 3 B 5087 96.022 1 92.587 89.2BB 8 6 1 1 9 80.207 77.281 74.525

1 .185  i  0 .508  ,  0 .571308 7000 108.399 ircq.Orc 99.932 95.966 92.167 88.530 85.000 81 .621

1 . 1 8 s  i  0 4 1 8  1 O . 6 4 7 2 5 7 48500 !08 22s i10s.47098 931 94.601 90.s00 86.527 82.7s6 79.148

0.945 0.378 0 b 7500
I

1 0 5 . 4 7 6  i  1 0 1 . 1 0 496.923 92.927 89.0s1 85.379 B1u l 3 78.442

094s I  0302 i0 .68042s39375 k 1oB.43O I rOS.+oSJ O .  I  t Z 94 225 89.943 85.864 81 .954 78.230

0.945 ;  a.ZM 0.741799

0.760 0.228 C.7

t ]  625

1 0000

1 03 990 98.799 93 893 89.207 84.795 80.594 76.575 72.785

103.960 99.032 94.368 89.BS2 85.677 81.648 77.797 74.136

0.760 I  O.174 0.7710526 1 3 1 2 5 106.7961 0 1293 96.082 9 1  . 1 6 1 86 501 82.O75 77.857 73.863

0.760 0 130 0.8289474 1 7500 107.7261 0 1/  t J 96.063 90.717 85.693 80.939 76.439 72.196

0 . 6 0 0  ,  o 1 2 0  0 . 8 1 5000 105.945100.247 94,887 89,BOO 85 .014 80.471 76.178 72.101

0 .600  00873  08s45 20625 109.057 i  102.736 96.792 91  .199 85.937 BO 986 76.314 71 .905

_ry9_0 i  00619 :9v8991
0 .515  O  0353  C ,9314563

2937s

43750

1 r3 .61e I roosaa9 9 . 9 1 8 s3 .712 87.898 82 461 77.343 72,544

122.651 114.1211 06 540 99.471 92.879 86.731 80.974 7s.605

106.295 I  10 ' , ]  ,318 96.604 92 .131  87 .915 83.890 80.049 7e.397

1 8
'tribolo5y irt itrclustry, Volunre 20, No. l,1998.



N

-
'r'c
<

q

. ' I

(D

l9

z

€

'table 4

I  r o +

i u..o t '
T o +

, ^0.83
K 5

o/o I  naouu

-;o* 
I ,tnrtl l '-l-68s33 j-15;-[-*ou

asoo l-a+o: il ,- 
-'|J*t 

tT;;, rr*__;ioo 
l;tJI- o "u 

1-t** [- ort I ?4ss2

1.77 |  4174.4

1.54 I  4603.9- _ _ _ - ' - . - - ' ' - . - . -
3 83 I  5159.7

5687 | sezs i s oo 5940.9 i q.a6 sso7.7 3.BB

2.65

1.67 i  8344.5 I  1 .83

qi1__iJ443.6_J_o zs 1.05 7402,8

i;t-]lm5.-T-l1 47 i  9235.1 i  1 .49

, t r1 , i r4o l  r "
9232.3 | 1.52 9230.7

o.2o I z+or.s
1.42 ' l  szsl  .z

|  11940  i  2 .71
T* - . -_ - t  .  ̂ .1 .74  |  r c ras  i  r . as
i  r s res  I  t . zz

rer. ]-ll-d-i?qrrf=--
10r92  |  r . gz  I  rozos  i
13344 i  1 .67 |  13405 i

r 9 1

1 . 5 0

-  
T  

-  1 : - ' - - -

9375 9253.3 1.30 9247.9 i  1  .35 1 tr,A

2.03

z . t J

1.52 |  29379 I  0.01

6 .87  i a t s t s l  a .o t
T

2.082 i

Eolls _l_3 9q _l_ru:n,
' r5s1o I s.+o i rsoro I, q.oz

aLrgulg;e -,--&_ilr-G2!s6 l J qq __r _?_l!P!_j_J]8
l

2qn j1  1  5q  ao297 |  314

4241s _L _s_ql_ _f3286 _1.06
2.055 2.270 2.524

4199.5

4ffi2.3

5 1 9 1  . 7

4574.5

5100 .7

5810 .9

6789.6 i 3.00 67ffi.2 1 3.34

e3sd Le5 G23

s.sz I 4098.7
*t-T_*.'rs

5072.4 i 1.45

6739.2 3.722 . n  I  6 8 1 4 . 6

1r044-I- 3s1 
-

zt7z2 I

__gt_,
0.9510.44 | 39951



c) The average percent:rge error related to u, values
determined experimentally, is calculated with rela-
tion (2) using the average value of k (talrle 4).

For the sample no 1 should be selected those values of
the parameters. ft and n, for which the lowest error have
been obtained. Thus, based of data presented in table 4,
it results that the constitutive relation which expresses in
the best way the behetviour of this gel, is:

r = r\t + g7 9l5- 50'85 (g)

In the same way are obtained the constitutive relaticln tbr
the sample no 2:

r  == roz t  23 352' Soq (10)

The experimental values of yield stress for the gels are

tot : 3 000
t02 = 900

REFERENCES

ll.l Scott, P.R.,Zijlstra, Kor N., FLAGS Gas-line Sedi-
ment Removed Using Gel-plug Technologr, Oil and
Gas Journal, Oct. 2(t., 1981, p.97-109.

[2.] Hemphill, f., Cnmpos, W.,Pilcln,an, l, Yieldpower
I-aw Mo<lcl More Accurately I'redicts Mud Rheolo-
gy, Oil and Gas Journal, Aug.23.,1993, p.45-50.

[3.] Florea, F., Arilotrcscu, N..A/., Greases Material Fun-
c t i ons  De te rm ina t i on ,  Os t f i de rn  1996 ,  2169 -
2I i  6 , I l th  Inte rnat ional  Co l loquium, Tech n ische
Akademie Esslinren. 9-1 1.01.1996. Ostfi ldern.

- )
Nnt -

Nnt -

20 Ii'ibologt irt irultrlry, Volume 20, No. 1, 1998.



u DK 62 1.9.025.7 .42.403

V. F. BEZAIZICHI,{Y,l/. V. NEPOMILUEV

Calculation of The Cutting
Conditions Taking into Account
The Criteria of The Cost and
Productivitv

Ii is kttowrt that the. cost ar(l pro(ltrctiviry of mt:chotica! machining greatly tlepetttl ort the uutirtg corulitiotts.
Cuttittg cortditiorrs itt it's tunt arc detcrmitrcd by the degree oJ'thc adtirtg tool vve arability du'ittg tlte machitirtg
proccss. 7'lrcrtfore Io calctLktte thc: oJttitruun tnachittittg cottrlilioru tukitry hto accotLnt tlrc crilcria of tacluto-
logical cost or procluctivitl,, it is ttecessary lo krtow tlrc t!cpctulettce of the iricttsit,v of tltc ctttlittg lool waar ott
the a dti ttg c orul it i ott s.

Applicatiort of the rnethod of tlrc similaity lheory, sll6rr'rd to get ratlter nccurate ond univer,sal dependencv of
Ihe ailtirtg lool vt:s47' 6t17 the pamrnelerc d the uillirtg process, Jtlry,sics-rnecitattical and heot-physical properties
of tlte treatc(l tuil tool mateials. Tlrc recei,ed delscndcncy i.s ttscil to deterrnitte optinuun in lhe cost and
produc tit'i N c ttt Ii tt g crnrl i ti ott s.

Keyword: adtin1i tool wcar, cost, ltrocluctivity
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Research of different processes is connected with getting
adequate nrathernatical relaticlns. Such relations allow to
manage the process :rnd calculate it 's results. Hor.vevcr,
the obtained reiaticlns shoulcl be accurate enough ancl
have a wide sphele of application. It is known that the
technological cost of the carrying out the operation de-
pending on the cutting cclnditions, can be deternrined by
the fo l lowing formula I l ] :

crFHN= cu' t t t+ Cy' , r* ' ' !  *  z, '  .1" ! -  g1
I itfi, 1 A,[P

where C51 is  the fu l l  cos i  of  c lne minute nrachine r rnr l
worker operation without the time spent fcrl the cutting
tool; l.a1 is the nrachine u'orking tin-re; lgly is t l ie t ime for
the tool change; 

'f,11p 
is the pe riod of the clrine nsional tool

hfe;  Z1-  erpent i i tures cause c i  l ry  the cut t ing tool  rnain-
tenance dLrr i r rg t l ie  pc i ' ioC of  i t , r  l i fe  bet , "veen resharpe-
nlngs.

The technological pnicluciti ' i f , i  of t l ie operation can be
determined by the following:

.- 6A
Q rctrru- " (:)

r j1 , tstr. l.l!
I I,lP

Machine t ime crrn be deterrn ined b1. '  the forrnula
r . d . l  ,tn t  = - i i .  u 'herc r /  a i r t l  i  a le thc c i i iLure ic l  and the length

Vi n t c I r e s I a v c I ; e o k. ! i.s r o t' i t c I r I J e z a i z i c h r t y-,
Va lery Va s i lit:r' i t c I t'\r <' p r t mi ! t t ev

Tiibologt itt inrlustry. Vblume 20, No. 1, 1998.

of the treated surface in the direction oi t ire feed: S is the
feed:  Z is  the cut t ing speed.
The period od the dirnensional stabil ity of the tool

tll7rv t aI-,rll, = ; ,- wltere L121rJ is the acceptable value of the
y.  i loL

raclial wear of the cutting tool, lrul is the dimensionless
intensitv of the rirclinl wear.

Tliere is a sufficient number of dependences to calculate
the rvear intensity of the cutting tool, horvever all of them
have some disadvantages: either they have low accuracy
(theoretical), or they have very l imited sphere of appli-
cat icn (ernpi r ica l ) .

Cutting tool rvear is an integrated process caused by the
c,.rrnpler and intereffecting phenomena in the spots of
tool contact with the chip and treeited blank in the con-
ditions of high temperatures and pressures. As a result
of the wear there are changes in technologicirl machining
condii ions, state of the surface layer and in the dimen-
s ions of  the t re i r tec l  b iank.

After theorelical analysis of the cutting process, and
tiiking into account the main reasons of the tool rvear by
the niethocl similality theoq', the follorving criteria de-
Denclence was obtainecl:

I t 6 1 =  c  1

xt

' (BV1Yr. 1g1zt (3)

n'here c7, ,Yi, Yt Z1 Ne the factors experimentallydeter-
rri ined; opp LrnLl (// are ult imate strengths of the machi-
ned irnrl tool rtraterials respectively, af the cutting tem-

(our \

["ij
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perature;4 VEarethecriteriaof similarityof thecuttinc The value ofrT for the first fourgroups of the machined

process determined by the formulas [2-]: materialsisequal zero.Thisconfirmsthewell-knownfact
that abrasive and adhesive kinds of the tool wear in

o - I l ' n l .  r / -  r . f  d -  r - P = J  c u t t i n g o f t h e s e m a t e r i a l s a r e n o t t y p i c a l .
a G''( l sittylu " 01 

z - Student's criterion and F - the Fisher's criterion

Dt - isthe radius of the rouncting of rhe curting edge of ::it:i:.:Tl': jiTl:1.::efficients are meaningful and
t !

the tool;a is the temperature conductivify coefficient of teste, dependence.
Q t  ^ , -

t hemach ined  ma te r i a l ;  o=B i ,  G= i ' p ' e  a re the  Represen t i ng theob ta ineddependence in to fo rmu la (1 )

criteria of similarity of the cutting process; a1 and b1 are after some transformations we have the following:

the thickness and *' iclth of the shear; y, f) and e are the
angle of cutting eclge, the angle of taper and the vertex Crrrr*-. Cn, !# o,I!L cr.(-) ' '
a n g l e r e s p e c t i v e l y ; i r a n d . l . a r e t h e h e a t c o n d i t i o n e f f i -  " '  S V .  S 4 u '  \ q  )
ciencies of the treated and tool materials respectively; c.
x, ),, z ate the values depended on the properties of the

machined and tool materials.

The criterion 
ot'^ 

,uk", into account the inuuence of
oI

the abrasive and adhesive phenomena on the process of
the cutting tool wear. The B V and E criteria show the
influence of the ditfusive and oxidizing ones.

Tablc l. Vnlttts o.[ t/u cot'JJit'itnt.s itt fonruiln (3)

I c-u. arzu la;i''',-rv , n i r t c = t - -  - l  ( 5 )

i,-.", j.i") ,/) |
ft' lu"iJ | 

-${ttr'^-) 'EZt €tr 'I1-t1+21) u*o 
"J

Atier some transformations we obtain the formula (5).
Durable experinrents were made and experimental derta
of other authors given in the papers [3, 4, 5, 6, 7, 8] were N{arirnum value of the technological productivity accor-

used to determine the values of the coeffic ien'ts t '1, 'x1, y 1, 
t l ing to formula (2) wil l be in the case .f

zl inlhe obtained criterion equation (3). rtv
tg1+ t6y . 

; '  
- rnirt (6)

The values of the coefficients c, .r; 1i z obtained after the 
I tttt'

mathematical processing of the experimental results are This conclit ion wil l be right in the case if the cutting speed
given in table 1' derivative, cleterminecl from the expression (fi), is equal

k=.1 for monocarbicre ru'gsren-cobart harcr aloys;k=1.8 ',il.];,,|[T 
:[:'J:il[:illji;#'{:,1iXi::ffi'jfil

for  b icarb ide t i tan iurn- tungsten-cobal t  a l loys;  k :1.5 for
high-speed steel;/ is the ratio of heat condr.rction efficien- After transformation of the obtained expression (7) we
cies of the trtol zrncl nrat:hinecl materilr ls. get the lormula for gefting the cutting speed which cor-

Groups of tne materials I c
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responds to the maximum treatment productivity (for-
mula B) .

So. we can drnw the following conclusion: the use of
method of similarity theory allowed to get the universal
dependence of the cr.rtt ing tool wear intensity on the
parameters of the cutting process and the physical-me-
chanical and heat-physical properties of the machined
and tool materiarls.

The obtained dependence can be used to determine
optimum of cost and treatment productivity cutting con-
ditions; it can also be used to calculate machining error
caused by the cutting tool wear; to choose the tool mate-
rial grade for rrure and semipure turl ing and to control
the cutting process including adap rive one.

Tiibologt irt ittdLstry, Volume 20, No. 1, 1998.

= 0(7)
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T. F. KALfuM{OYA, T. M. MOISEEVA, O.Y. KHOLODILOY

On Statistical Description
of Solids Friction

A method is propo'setl of es-tintaling the poranteters of a .rpecial class conclation Jiurctiott. II i,s based ott
meQsurements of statistic of the sndied phenomenon or FSFC. The only conrlitiort o.f applying lhe statistics
is the reqrdrement that the protluct 

9f freQuency range of the recordad railiatiott b), tirie irJ i"rirAi"g is vastly
laryer than utity. A contbinerl arutlysis of acorctic tlata antl those oJ' F'SFC (roighness, size ctistibtttion of
wear debris, etc.) hat,e showtt that the statislics a.rc rcsponsive to pinctically'oll lihenomerrn ,rrorrpn,rr-urg
frictiort antl wear. The depenrlenc-ie.s obtained of the staiistics r:niat^iort with evenialfacton hat,e enable; trcw
citeia to estirnate durability of frictitn joints to be formrilated.
Keywords: frictiort, wear, su(ace roughness, tvear rrebris, acowtic inadiation

l . INTRODUCTION

A number of tribological problems rvhose solutions are
important for understanding solids friction require inve-
stigation of both statistical properties accompanying fric-
tion and wear (acoustic irradiation, heat generation,
etc.), and study of f ixed states of a friction conracr
(FSFC) involving surface rolrghness, '"vear debris ancl so
on.  I t  turns so,  that  separate parameters of  these pheno_
mena (intensity of acoustic irradiation, contact temper:r_
ture) and FSFC realization (rough surface profi le, wear
debris size) are insufficient for unambiguous identif ica_
tion of a tribosystem state.

2. PROBLEI\{ FORN{ULATION

Friction to proceed from the fact that the majority of the
phenomena and FSFC can be presented as reii l ization of
a random field (r, y/, so a number of the tribological
characteristics would depencl on its correlation function
behavior  about  zero.  In  th is  connect ic tn the problem of
estrmat ion and s i rnulat ion of  the funct ion secrns qui tc
actual .  A nrethod has been proposecl  ear l ier  to  est inratc
correlation function pararneters of a certain class ran-
dom fields. The method is based on the use of functionals
(statistics) belonging to the studied phenomena or FSFC
[ 7 ,2 ) :

T. F. Kolm.v-kot,n,7-. M. Moiseu,a, O. tr/. Kholodilov
Mctal- Polyrner Resaarclt lrrstitLttc tnned o,ftcr V.A. Bctvi
of Ilehntssiatt Acaclcmy of Scicttct:s,
Gorncl, Rcpublic o.[ I]clorus
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tabulated function; A - transmi'Ssion band; 1; - frecluency
range of the recorded field; I - t ime of recording; T _
sampling length. The only condition for their application
is Al>1.

Obiects of the present investigation are the foilorving:
1 - to substantiate invariance of proposed functionals for
any nature randorn fields; 2 - to prove their stabil iry for
stationary fields and substantial sensitivity to variations
in stability.

These problems can be traced on the exanrple of the
studied in friction contact acoustic f ields ancl in case with
mechanically induced random states of the friction con_
tact (aspelit ies of contact surfaces, stl-ucture of actulrl
conterct spots, f ields of wear debr-is distributiou).

l,et us dwell on acoustic frictional phenomena and show
the probabil ity of the suggested functionals use to esti-
rnlrte the mechanisrn of frictional contact rvearing by
characteri.stic parameter r(a, b) in the space o[ statistics
(a,  b) .
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3. OBJECTTVES AND METHODS

Friction investigations used the shaft-on-partial insert
geometry (shaft - steel 45, insert - organic fiber reinfor-

ced thermoplastic). The composite choice was conditio-
ned by diversity of acoustic irradiation sources and prob-

abil ity of direct effect on some of them, for e.g., by
varying phase interaction in the polyrner-fiber system or
alternating the polymer matrix deformation properties.
The regime (loads. sliding velocity. etc) were selected so

as to reaiize different wear mechanisms.

The acoustic signal receiver was fixed on the insert and
continuous recording of acoustic irradiation (AJ) was
performed followed by,' statistic processing. Sin-rultane-
ously with acoustic information tribological parameters
of the system were registered including friction coeffi-
cient, wear rate and temperature. Morphcllogical analy-
sis of wear debris was carriecl out usins REM-PC com-
plex.

4. RESULTS AND DISCUSSION

Experimental investigations have sholvn that during run-
in the intensity of acoustic irradiation, its amplitucle
distribution and statistics a, b and r(a, b) are comparati-
velv sensitive indicators of wearing. In particular, owing
to plastic displacement and microcutting the actual con-
tact spots of interacting surfaces shorv the rise of both the
acoustic f ield intensity and its characteristic parameter.

Further combined stabilization of the friction surface
geometrical parameters and physico-mechanical proper-
ties results in stabil ity of the studied functionals raclir it ion
intensity. Scl, the suggestecl functionals are indicators of
friction inciuced variations rlf acoustic f ield. Note that
character is t ic  parameter  r (a,  l>)  is  l  conrpanrt ive lv  sensi -
tive probe fclr such variations.

It has been establishe,i that increase in the polymer
composite relative rigidiry (EflErn, where I!f, Enr - mo-
dules of f iber and miitrix elasticify, correspondingly) le-
ads to growth of characteristic par;rmeter r(a, b). F'or
example, polyarylate-ttased composites fi l led by polya-
mide fiber with E/ = 18.5 GPa and lif = I35 GPa display
the growth of characteristic parameler r(a, b/ by about
27Va. This can be attributed to high plasticity of the
composite due to *'hich a _great number of acoustic ra-
diation sollrces activate in the friction contaci leadint to
change in emiss ion in tensi ty .

Interesting results rl 'ere clbtained rvhen comparing stati-
stic pararneters of acoustic irradiation arnplitude distri-
but ion and those of  debr is  d is t r ibut ion by s ize [3] .  Both
distributions are of unimodular character rvith I promi-
nent asymmetry.

I t  has been founcl  out  th i i t  the concelned c l is t r ibut ions
statistic parame ter:i (asyr.nmetiy and exccss) do not ct-rirr-

Ilibolog, itt indnrlry, Volume 20, No. 1, 1998.

cide and behave inirdequatellrlvill., changing friction con-
ditions (for e.g., due to cliangecl contact rigidity). Char-
acteristic pariimeter of acoustic field r(a, b) correlates
more closely with the character of damage in the friction
contact. Particularly, when different wear mechanisms
are realized in the contact, characteristic parameter

r(a, b) preserves its stability (fig. l).

Figure 1 . Werv of a polyt."rcr frictiort surface and
near debis distribution by size:

a - abrasive n'ear; lr(a, b) | =6.2 rcL. un.: b - fatigue, 4.8;
c - a! st:izure, 9.8: tlrcrnutplast-stael 45 ft'iction pair

'fhe 
suggested statistics and decluced characteristic para-

nreter Ir(n, b)l tve sufficiently sensitive indicators of

frictional intertrction and correlate with changes in fric-
tion conditions. As f<tr example, the relative value of
characteristic parameter grorvs lvith velocity increase

and sirnri ltaneously responds to contact rigidity changes

(fig.2).
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Figure 2. Relativ'e rlariaticttt of clrcractetistic
paranleter r(a, h) t'crsus sliding velocity,:

1 - pol.vcarbonatc * fiber;
2 - polycarbottate + ntodificd fiber

With increasing sliding velocity the amplitude distribu-
tion expands into the region of Iarge amplitudes. The
studied statistics vary too. The presence of coarse wear
particles (formed at high velocities) points to the fact that
plastic deformation processes localize in wide areas and
fracture onsets in the near-surface layer with further
microcrack penetration onto the friction surface and
large fragments spall ing. This rises activity of emission
sources conditioned by the growth of microcracks in the
polymer contact layer and total increase of the acoustic
flow activity.

Further increase of velocify Ieads to rising surface tem-
perature. The phenomenon of frictional heiit ingof enga-
ged material surfarces reduces both arcoustic signal inten-
sity and the studied statistics. The actual contact area of

friction surfaces expands, which causes increased adhe-
sive interaction leading to sticking. Sticking is accompa-
nied by abrupt augment of acoustic signal and its stati-
stics. It is evident that heating would evoke abrupt
increase in the molecular constituent of the friction co-
efficient and result, in a number of cases, in seizure
accompanied by spalling of large lumps from the friction
surface. At seizure characteristic parameterr(a, D) shows
jerkry character.

5. CONCLUSION

The combined analysis of acoustic ancl f ixed state data
of the fdction contact (debris distribution by size) has
shown sensitivity of statistics to practically all phenorne-
na occurring at friction and wear. The obtained depend-
ences of these statistics ou external factors made it pos-
sible to forrnulate new criteria for determining friction
jo int  durabi l i ty .
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constructions and ideas. This paper introduces a new
conception of modell ing for identif ication of acceptable
solutions, selection of the sealing method and sugge-
stion of new proposals for the designs of seals.

2. CHARACTERISTICS AND T\?ES OF
DYNAMIC SEALING JOINTS

If machine parts move relativelv to each other, there are
two basic methods of sealing: contact and non-contact
types. T'he first group of sealing joints make contact on
either radial (i.e., cylindrical) or arial (f lat) surfaces.
Conrpressicrn seals,  hydraul ic  seals and non-deformable
sei t ls  are examples of  radia l  seal  jo ints .  r \x ia l  seal ing
elernents rnake contact  t l i r<tugh seal ing r ings rvhich crn
slide along the zr-ri is, having adequate shapes and supp-
c'ris. Non-contact sealing joints (the second large group)
rnay have clearance gaps, labyrinths or mernbranes. The
first two methods actually recluce flow by increasing
hydraulic resistance between moving surfaces, rather
than stopping flow altogether.

The most important seal tvpes are shorvn in Fig. 1. Some
are suitable tbr sealing of rotating shafts and iurles, others
for axially moving ones, sti l l  others for either fype, or for
parts which both rotate and move axially. The decision
which type should be selected clepends on circumstances
l ike re lat ive speed,  f r ic t ion losses,  accuracy and
roughness of surfaces in contact. Furthermore, the pro-
perties of f luid suc:h as density, temperature, operating
pressure, chernical rLggressiveness ancl abrasivity mrrst
l r ' lso be consic ieret i .  The select ion of  an adequate seal
therefirre is ir conrplcx prol>lern whiclt could be decorn-
posecl in the following activitres shorvn in Fig. 2. Thc first

I
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M. OGNJANOWC, P. OBR" DOWC

Modelling of High-pressure
Dynamic Sealing Joints

Modelling is a pro<:css by w,hich otte can extract frorn a rt'al-workl conslntcliott lhe t:lernnils inrportnil for lhc

fi.utctiortirtg, then to arnlyse their inlaroclion or corn:lotior4 nrtd finally to a'eilicI or to simul{tte how lhe rcol
g,stem v,oulci behat,e. For tlrc design process, wlrtt the system is ttot yet liilly tle.firrctt, this tnetliod is the bnsic
procetlura. Itt thi.s paper tlre rnodellitry is applied ort dyttarnic sealitry joirtts desigtt. Pror:ess i.s rlecornposed irt
the three opernliotu v,hich nre: the selection of type of sealittg, Ilte selectiotr rl'le,,;igrt peramt:l(;r.s, cttui modelling
of tlte shape of seal parts. The theory of fuzzy rcasortittg i,r ured for Ihe st:ler:tiort of :rcaihry rncthrtd arul the
optimi.satiort rncthod J'or st:lectiott of the seal poramc!et's. The mnin limittttiotts itt oltl!ttti:;tttiott process are
tribologic cltaracleristic..r; the objectit:e ftutctlort is scn,ica life o.f the.sealing e lernert. l:or ihc tirxleliitry of slnpe,
llrc paramctic method - wliclt is ve.ry eJJicietil irt lhc desigtt procr:ss - i.s ltropcsctl.

Key *,onls: Stnlirry, Jiezlt reasotritry, modellittg rlccisiort makirtg.

l . INTRODUCTION

The transformation of f luid enertry into mechanical work
and vice versa fakes place in the closed space of the
housing of system. The transfer of energy is a well

known process and is based on the interzrction between
the flow of f luicl and the movable parts of machine such
as turbine blades and pistons. The loacls - forces and
moments - are transferred by elements such as shafts and
arles inside the housing. The connections between mo-
vable and non-movable parts and housing must be well
sealed. The seals have to be reliable within the given
range of parameters sucir as pressure, temperature, den-
sity and chemical aggressiveness ancl other effects of
operat ing condi t ions.  Seal ing jo ints  are potent ia l ly  cr i t i -
ca l  p laces and the re l iab i l i tv  of  thervhole systern depencls
on their reliabil iry. ,\s evc4r solution has certain shortco-
mings, the investigations in this ficld are basecl on the
indentif ication of chlract;:ristics of eristin_e seals, their
inprovement and der.,elopernents of advanced sealing
products. Tiiere is a high number of seal designs which
ranges of  lpp l icat ion par t ia l lv  over laped.

A tendency to develop new designs, as well as to imllrtrve
the  o ld  ones .  i s  p rcsen t .

N{odell ing is an approach to ihc dcsign process which
permi ts  a deta i led analys is  of  requi rements and l imi t -
ations on the model, leading to the optirnal solution for
given operating conciitktns or, alternativeliy, to the new
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Fig. 1. The basic groups of sealirry joints of ntobile surfaccs

step is the selection of type of seals. The cornplete rne-
thod is given in section 3. The parameters such as dimen-
sions, material, resistance, heat etc., are computed next,
for the selected type of seal.

This activity is based on the use of a catalogue of standard
parts, experimental results and analysis. If dimensions,
or resistance, heating, orwear are unacceptable, the type
of sealing connection should be changed. The structure
of construction elements, 3-D models of sealing parts

and their relationship are designed in the third phase. At
this level some changes of selected parameters are sti l l
possible - even of the type of sealing as shorvn schemati-
callv in Fic. 2.

o f  s h a p e
o f  s e a l i n g

f ig. 2 Tlrc basic activ'ities of selectiott and nndellittg
o.[ sealittg joitrts

3. THE SELECTION OF Tl?E OF
DYNANIIC SEALING JOINTS

The decision which type should be selected depends on
fluid properties such as density, temperature, operating
pressure, chemical aggressiveness as well as operating
conditions l ike relative speed, friction losses, accuracy
and roughness of surfaces in contact. All these parame-
ters could be quant i f ied by measurenents but  the areas
of application for individual types elre not clearly deli-

28

neated; some types overlap in certairr ranges of use. This

fact clearly shows the uncertair.rt ies in selection process

due to poorly defined limits of application. The theory of

fuzzy reasoning can be used for solving problems of this

kind, This theory accepts poorly defined relationships

between elements and it approaches the process of hu-

man reasoning. For any given case usually several seal

types could be used. but none is obligatory.

tsy the fuzzy reasoning theory an element,4 is the mem-

ber of the set X if the value of membership function

Itaft)= I , and is not the member of the set if pt.a@.) :0 .

The limits of any set are not f lxed; cornmon regions may

exist. The range of membership function is from 0 to l.

Fig. 3 
'l-ltc 

eratnplas of ntenbcnhip funcrion in tha fir:1,
set for contprcssion seals
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If t lre value of function ytl$) rs close to -1, this would

mean that its membership is "beiter". In the range be-
tween 0 to I the membersliip function is linear. For any
type of sealing it is possible tc form a set of r membership
functions for n - operating conditions. Three functions
for compression seals are shown in Fig.3. Ihe number rr
for each one coulcl be different.

The mean value of membership function is

/1A =

n

Iun{r i )

n

All membership functions are not of the same importan-

ce for the decision rnaking. To quanri$'their irnportance
the weighting coefficients k; are introduced, Their value
could be ki < I or ki > 1. The mean value of membership
function wil l be detennined bv the eouation:

n
f - r
)  K ; ' l t  z  lX ; l

i-7
P A -  t i

\-r./   :
7''

The first step is tcl develop a procedure for calculating
the mean value of membership function ltA, ltB,ltc, ... ,
for each type of sealing joint shorvn in Fig. 1 (t"ypesA, I),

C. . ) .The seal ing e lement  wi th a greater  va lue of  mem-
bership function wil l be rnore acceptable. The solutions
where even one fuzz,v function is equal to zero are not
acceptable.

4. THE COMPUTATIONAL I'ROCEDURE
OF SEALING JOINT

The computaiioit is a procr:dlrre to establish the correla-
tion between dimensions, n)aterial. operating parame-
ters and operating conditions. Atler selection of the type
of seal, using the methocl dcscr:ibed in tire section 3, the
cornputation of seaiing joinis follows in such a rvay that
clirnensions, materials, friction klsses, wear, leakage.of
the fluid and heating are kept within the acceptable
values. The chosen characteristics of these paranteters
irre given in Tabie l.

The relationships are obtained mainly from the results of
experimental investigations brrt some could be calcula-
ted. For example, the arial resistance in compression
seals (1) - Thble 1, could be either nieasured or calculated
if dimensiolis, pressure, material and roughness of surfa-
cess are known. The stress in seaiing p:rrts, f luid leakage,
and wear are in mutual correlation. In the case of spindle
packing, (2) and sealing rings (3), t lre relartions are based
r:n other theories lrecause the tribologic processes are
different. Axial sealing joints (4) are suitable for high slip
velocities and hirve lower contact pressure and resjstan-
ce. Non-contact sealing joints (5) have the best caracte-
ristics for these conclit ior.rs. The sealing principle there is
quite different. It is based on the increased hydraulic
resistance of f luid flon, throuljh tl.: clearance gaps in the
connect ion.

The selected tri lrok-rgic variables in Table 1 show that
sealing connections belong to the tribologic systems.

The tribologic varilbles such as forces in the contacts,
stress, resistances. weAr, heating etc. clepencl on the cle-

Table L Sealing elernerts t+,ith ba.sic tibologic caractcrisrics

lor.-
L\-

ta,E
lf ____

k r n
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sign parameters. They represent the bounderry condi-
tions which are basis for the computation of dimensions.
As here are several conditions and the design parameters
should satisfy all l imitations in an optinral way. Thc
optimisation model is developed for that purpose and its
basic scherne is shown in Fig. 4. Design parametrs of
sealing connections such as diameters. thickness, lengths
and material characteristics are narked as17, x2) xJ ... xn
and they represent the vector of independent variables
X( x1, xv x3, ...x;. Limitations such as resistance fclrces,
stress, f luid leakage, wear, etc. depend on these parame-
tersxT, x) x3, ... r1, and on operating conditions (pressure,
temperature, velocity, etc.). These limitations are mar-
ked asg;(x7, x) x3, ...x,,,) and they define the optimisation
range D(x7, .r3 J-1, ... .r,,) from which the optimal set of
parameters is selected. The oljective function/(x7, x) xJt
... ,r;,,) should be the marimum seruice l ife for that seal.
The result of this optimisiit ion process is the vector of
optrmal variables X(xb x2, x3,... ;,,) which belongs to the
optimisation rarnge D(x7, xj x3, ... r,,) and which satisfies
the objective function.f,

5. MODEL OF THE DESIGN PROCESS
OF SEALING CONNECTIONS

The modell ing makes possible highlight those charac-
teristics of objects which are important for the entire
analysis, to make certain transforn.rations and simula-
tions and to drarv out the conclusions. Models are exten-

sively used in the design process and they represent the
language of designers. In Fig. 2 the basic operations in
the developing process of sealing elements are shown
ancl in Fig. 5 the corrplete model rvith all i ts modules and
knowledge datahasc is given. The design process is per-
formed through analvsis and svnthesis.

Analysis is the proces.s *,hii:h proviCes data and knowled-
ge necessary for the further development of the clesign
process.' l ' ire knowledge ciatahase represents the organi-
sed set of data. calculation ancl analytical procedures.
The operations and activit ies that permit the transforma-
tion of data and knowleclge into the basic design infor-
mation nrake the infomtation nodule. In the synthesis
the digested information is userl for building the model
of product. This process takes from the database indivi-
dual general design elements of sealing connections. The
module for the selection of a seal, shown in Fig. 3, is used
within the genertrl jnformation module and synthesis
procedure. It features i is a separate entity and the follo-
winc calculations are perfornred according to the algo-
rithms which are classified in the knowledue datal;ase.

Gener; r l  schenre of  the opt inr isat ion model  for  seal ing
elernents is shorvn in Fig. 4. The design elements are
those parts of sealing elenents which are used in diffe-
rent arransements. They might be developed as parame-
tric nrodels, so by change of parameters the elements
could be adapted for the clifferent uses and conditions.
The design elements could be also constructed in a mo-

Cp l i n r i so l i on  ronge
D (* . , ,  *a ,  *3 ,  . . . . . . rn )

Ob iec l i ve  f unc t i on
t  ( x t ,  X2 ,  XJ ,  . . . . . . " n )

Op t imun r  vo lue
o f  sec l i ng  pa ro i xe ie r s

X ( r  . ,  x  _ . ,  x  _ ,  . . . . . . x  )
l z l  J n

Res i s i once
seo l i ng  i o i n t s
t = r t x .  x . . .  x -.  l '  1 '  -  J '

St ress
o  =o (x r

Leokoge  o f  f l u i d
Q=Q(x , ,  * 2 ,  r J , . . . . . . r n )

Weo  r
Ah=Ah(x  1 ,

Fig. 4. T-ltc optintitatiort :cltutrc of dcsign Tiaratttctars oJ'seulittg joints
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dular fashion, rvhich might be includecl in larger con-
structions.

6. CONCLUSION

This examination of problems in the development of
design of seals for given operating conditions finally
leads to the following conclusions:

The sealing joints are tribologic systems with interacting
surfaces in relative motion. Design parameters are obtai-
ned as the result of optirnal adjustment of their tribologic
parameters. The application of mathematical modell ing
permits the simulation of operating conditions and the
balance clf the pararneters could be achieved.

The design process of sealing joints consists of three
activit ies: the selection of sealing method, the computa-
t ion of  design parameters and f ina l l ,v  the rnodel l ing of
sealing parts shape.

The fuzzy reasoning method is proposed for the selection
of sealing joints type. This theory makes possible the
decision rnaking in the conciit ion of uncertainties. The

Tribolog itt irdLstry, Volume 20, No. 1, 1998.

design parameters, for the chosen sealing type, result
from the optimisation model based on the tribologic

parameters of the system.

Modell ing of shape of sealing parts and the whole entity

is based on the results of previous two activit ies. This is
a part of the design process whose steps are presented
here in some detail.

REFERENCES

[I.) Ogrjanovif M., Strengt and sealing of housings un-
der pressure, - Faculry,'of Mechanical Engeneering,
Belgrade 1997. (in Serbian)

l2.l Starrycr N., Ilass ll/., Mrilcr II. K., (1994) Abdichten
auf kleinem Bauraum, - Spinger - Verlag, Konstruk-
t i on  46 ,2  -  8 .

[3.) Glit:nicl.;e .1., I-aLurcrt A., SchlLLm.s fl., (1994) Gasge-
schmier te Axia lg le i t r ingdichtr rngen f i i r  hohe pv-
Werte, -Springer-Verlag, Konstruktion 46, 7l -23.

[4.] Mrillcr II. K., Flnjt'jew S. lV. (1991) Gasgeschmierte
Cle i t r insdichtung a ls  Lagerabdichtung f i i r  F lug-
t r iebwerke,  -  Spr inger-Ver la,  konstrukt ion 43,  31-

a 1
J t



[5.) Clilds D. I]t., Nohtt A.5., Kil,qorc J./.. (l 990)'l'est lle-
sults for I 'urbulent Annular Seals, Using Snrooth
Rotors and Hel ica l ly  Grooved Stators,  -  ASME
Journirl of Tribology, Vol. 1 12, 254"2.58.

[6.) Hawkins L., Chikls D.W., LIale KI., (1989) Experi-
mental Results for Labyrinth Gas Seals With I{o-
neycomb Stators: Conrparisons to Smooth - Stator
Seals and Theoretical Predictions, - ASME Journal
of Technology, Vol. 171,161'\67.

[7.) Haas II/., ]t4ii l lar II.K.. (1987) Beruhnrng.sfreie Wel-
lendichtungen fur f lussigkeitsbespritzte - Dichtstel-
len,  -  Konsrrukt ion,39,  No 3,  i07-113.

[8.] Youttg L.A.. Leback A.O., (1982) Iixperinrental eva-
luation of a mixed friction hydrostatic mechanical
face seal nrodel considcring radial taper, thermal
taper and \vear, - ASME - Trausactions, Jorrrnal of
Lt rbr icat ion Techniq. .  104,  No 4,439-448.

f9.f Sugarntni 7., Mnsrttla 7., Oishi N., Slirnazu T.,
(1982) A study on lhernral hehavior of large seal-
r ing,  -  ASME -  Trans.  Jouural  of  Lubr icat ion Te-
chnology, 104, No 4. 4'19-453.

[10.] E.stitnt 1., (1982) I)ynarnic analysis of noncorrtacting
f:rce seals, - n SM.E - Transactions, Journal of Lubri-
cation Technologies. 10.1. I. lo 4. 460-4(18.

-)L
'[ii 

h tt I og' i t t i r ul t r.t I ty, Vrrhrrrre 20, No. I, 1998.


