
B. JEREMIC, P. TODOROVIC, T. TUIA,CUZTC

Tribological Processes in Conta ct Zone of
Oil Seal and Speedi-Sleeve

The wear of contact eLements consisting of oil seal and shaft sleeve brings to the appearance oJ
graduate defect. T'he rnost contmon way of its ntaniJbstation is the oil loss (leakage) or the working
pressure lowering. These problems today are usually present at the internttl contbustiott ettgines.
In exploitatiort processes, the wear of both contact elements, which have a sealing ftLnctiort, are
present. At t lte irtternctl combtLstiott engines, the price of an oil seal is significantly lower comparecl
ro the price of rhe r:rankshafi. RepLat'ement of onl;, oil seal without the shaft sleeve regenerttf iort
gives ncs signific:ant e/fects. New oiL sectL, that is, its seal l ip, reaLize the contact onto the aLread,-
vorn oJf .strtJrrc'e of .shu.ft sleeve. This way of contact geometry reali"cttir,tn the most ofTen brings tct
the repeated defect. Ort the other hctnd, the process oJ shaft sleeve regeneration (plusnct sptcty,
plasmtt urc -rutfacirtg, etc.) und its f inishing processing are reLatit,ely expertsive.
Otte oJ'the tr '.r.] 'r-/.) overconrc these probLems is to buiLd-inthe sealing ring (Speedi-SLeeve)onto the
tt,orn o.ff .slta.ft .s'lect,e. Drte to lhc ,,ery extensive tribological investigation-r, u part of t hich is
presented in this paper, tlie regenercttion of v,om ofr shaft sLeeve by the appLiccttion of the sealing
rirtg is e verv ratiorul arttl effectit,e tnethod.
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1. INT'RODUCTION

Unt i l  recent ly ,  the main at tent ion in  industr ia l ly
developed countries has been aimed at the process of
new technical  systems creat ion.  However,  act iv i t ies
today have been moved toward optimal and rational
maintenance of technical systems already in use.
Nerv and economical ly  . just r f ied methods for
work ing l i fe  pro longing have been founded.  One
such approach is  appl icat ion of  new solut ion for
regeneration of 

"vorn 
off shaft slceves by sealing

r inss method.

Figure l. Sealhry clone by oil seal
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The most often way of seal ing in engineering
pract ice is with oi l  seal,  as shown in Figure I  .
Seal ing is done by creat ing a zero or a very smal l
clearance between nroving elements.

The wearing process in the zone of contact between
oil seal and a shaft sleeve is always present. By
applying certain construct ive solut ions the wearing
process can be slowed but i t  cannot be el iminated
total ly.  During the rvork. rvearing debris or abr iLsive
part ic les from external environment are embossing
into the seal l ip of oi l  seal (being in contact rv i th the
shaft sleeve surface). This causes the developrnent
of the wearing process of shaft sleeve i-urface at the
point of  i ts contact with the oi l  seal.  Thus. in a
certain period of t ime the col lapse of the basic
seal ing funct ion happens, even i f  the oi ls seal is
replaced with the new one. Such fai lure is
manifested by the oi i  loss ( leakage) or by thc
working presslrre lowering. One r.vay to ov'ercolne
these problems is to bui ld in the seal ing r ing
(Speedi-Sleeve) onto the rvorn off shaft - FigLrre 2.

The group of technical  systems suitable for
appl icat ion of seal ing r ings is engrnes. that is their
crankshafts.

Through very extensive tr ibological  invest igat ions
we performed, i t  have been cletermined that
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application of sealing
sleeve regenerat ion is
rnethod.

ring for engine's crankshaft
a very rational and eff'ective

Fillure 2. Sealing ring look (e) and the place o.f its
installins (b)

2. CHARACTERISTICS OF INVESTIGATION

2.1. Contact pairs

In order to determine val id conclusions paral lel
inr,'estigirtions of rvearing process have been
e onductcd  w i th  fo l low ing  contac t  pa i rs :

. oil seal / shaft sleeve and

. oil seal / shaft sleeve + sealing ring.

In both cases unworn crankshaft sleeve was used,
frorn engine of 1100 cnrr,  which is bui ld in YUGO
-55. ZASTAVA 101 and ZASTAVA 128 cars.
lnvestigated shaft sleeve is (according to the
constl-Llctive documentation from Engine Factory
DMB - Beograd) with diameter in range 63,970 -

63.995 mm. Shaft  s leeve is made by cutt ing from the
onginal crankshaft .

Oi l  seals are of dimensions (64x80x8),  which sui t  to
the chosen shaft sleeve and are of reoutable
European manufacturer.

Sealing rings were manufactured by private
company from Former Repubhc of Yugoslavia. For
nranufacturing of investigated sealing rings the
stainless steel according to the American standard
AiSI 304 stainless steel,  was used. Mechanical
properties according to the Inspection Certificate of
rnanufacturers are given in the Table 1.

TabLe l.

strett.gth hardness
Rp A.2Vo,

MPa
Rp lTa.

MPa
Rm,
MPa

I{RB

250 280 625 7B

2.2. Sliding velocity

Sliding velocity is obtained according to the shaft
sleeve geometry and accordir.tg ro the data obtained
from stat ist ical  analysis of engine working in crty
dr iv ing condit ions and open road condit ions.
Frequency of particular number of revolutions. in
ci ty dr iv ing condit ions, is given in Table 2.

Table 2.

n, rpm frequency, Vo
1 000 30
1500 20
2000 10
2500 20
3000 20

According to the data from Table 2. average number
of revolut ions for engine in ci ty dr iv ing condit ions
i s :

n,.  = 1900 rpm

Maximum engine's nunrber of revolut ions is;

fl,ro^ = 6000 rpm

Average numbe r of revolutions for open roacj
condrtions is n = 4000 rpm. It wtrs determined that
2/3 from total  dr iv ing is in ci ty dr iv ing condit ions
and remaining l /3 is in open road condit ions.
According to these data the number of revolut ions
used for investigation is determined as:

n = 2600 rpm

For selected diameter of crankshaft sleeve (d=6,1
mm),  the  s l id ing  ve loc i ty  i s :

d . t r . n  6 4 . r - 2 6 0 0  . . - . m
-  Y  / l" r '  -  

6 0 . r o o o  6 0 .  t o o o  
-  u ' i  /  

r

2.3. Lutlrication system

Systern ,uvith continuous lubrication i.s presented in
Figure 3. Lubricat ion is done by the piston purrp
with a f low rate of i  =0,1 l /mit t .  Piston pr,rnrp
forces the fresh motor oi l  into the main system with
contact elemerrts.  Fresh oi l ,  which is bror"rght into the
contact zone, provides the real lubr icat ion
condit ions. Beside i t ,  the oi l ,  which circulates, takes
away part  of  the heat generated in the contact zone.
After passing through the main system with contact
elements, the oil goes to the auxiliary reservoir, from
where it has a free fall to the main reservoir. Inside
the main reservoir  the oi l  cool ing is done in natural
way, so that "fresh oii" is forced again to the main
system with contact elements wrth what the cir-c le of
lubr icat ion i .s closed. Thele is no los-s. that is,  an oi l
leakage in lubr icat ion system.
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Se al ing r ing wal l  thickness is 0,25 mrn
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Figure 3. S1-stent w'i i l t contirtuous lubric(rtion und
v i t l t I h r: nrt o c o uD I c,s layoul

The rnarn system construct ion provides an easy
svstem assembl ing and d isassembl ing wi th a very
good repeatabi l i ty  of  contact  e lernents posr t ion ing.

This is necessar)/ becausc of the fact that at every 5
hours o1' continuous device '.vorking, the
freasureflent of selected wear parameters on contact
e lements is  done.

In Figure 3., positions of thermocouples for oil seal
temperature measurement and for oil temperature
measurement in main and auxil iary reservoir are
shown .

3. RESULTS

3.1. Temperature change measurement results

For monitor ing of temperat l l re change the measuring
clrain, shown irr  Figure 4.,  have been formed.
Thermocouples TPi -  TP3 (of type J -  OMEGA
E,ngineering, Inc..  i jsA) converts a temperature
signal into the vol tage signal.  Thermocouples are
attached to the scanner UPM60 (Hott inger Baldwin
Messtechnik) that converts a vol tage signal
generated in thermocouples to temperatllre signal of
Celsius scale. PC computer,  rv i th appl icat ion of
adequate data acquisition software, controls the
scanner UPM60 and does the data storase at
computer 's hard disc.

Each separzite experiment lasted for 5 hours and total
contact pairs behavior invest igat ion t ime was i50
hours for each pair. On diagran-rs, the highest
tcmperatLlre stands for metal  part  of  oi l  seal

temperature ( label Tr).  Two l ines, represent ing
temperature changes of oil in main and auxiliary
reservoir, are in most parts overlapped (temperatrlres
labeled T2 and T3). It should be noticed that oil
temperature in auxiliary reservoir, Tj, is always a bit
higher than the oil temperature in main reservoir. T2.
Results are shown in Figure 4.,  only as compalatrve
representation of temperature for both contact plifs
in same invest igat ion period (105 - I  l0 hours).

Figure 4. Measuring chainfor tempereture change
monitor inp

According to al l  processed results,  the conch-rsion
have been made that average value of mrrxir.nurn
temperatures for oil seal / sleeve contact pair (5-5.90
'C) is for about 2 oC lorver from everage ','alue of
maximum temperatures for oil seal / sleeve contact
pa i r  +sea i ing  r ing  (5 '1 ,12 'C) .  S ince  the  env i ronrner t t
temperature was not the same one during the
exper iment .  t cmpera ture  o f  o i l  in  rna in  rescr r  o i r  w ls
subtracted from oil seal temperaturc. in order tct
el iminate inf luence of temperature deviat ion.
Diagrams in Figures 6. and 7. rvas made due to the
previous. Average value of oi l  seal temperatr-rre
lowered for the value of oil temperature ln lrarn
reservoir ,  for oi l  seal /  s leeve contact pair  (  10, I  5 "C)
is about 2 oC lower than average value of oi l  seal
temperature lowered for the value of oil ternperatule
in main reservoir .  for oi l  seal /  s ieeve + seal ins r ing
c o n t a c t  p a i r  ( 1 2 , 1 0 ' C ) .
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Figure 5. Clmracterislic temperatures for oil seul /
sLeeve contact peir (a) ond oil seeL / sLeeve + sealing

ring (b)

Figttre 6. OiL seal tempereture lov,eredJor the vqLue
oJ'oiL tempereture in main reservoir for oil seaL /

sLeeve contact pair

By monitor ing of thermal behavior i t  can be
tie termined that average value of oil seal
telnpefature. thus of contact zone i tsel f ,  is
insignif icant ly higher for the case of oi l  seal /  s leeve
+ seal ing f ing contact pair  than for the case of oi l

6

seal / sleeve contact pair. The reason for this lies in
the fact that the diameter of seal lip resting at oil seal
is bigger because of the seal ing r ing bui l t  in.  Under
these conditions a contact zone DressLlre increase
occurs.

F-igure 7. Oil seal tempe roture lowered J'or the value
of oiL temperoture in main reservoir for oiL settL /

sleeve + seaLirtg ring contact pair

3.2. Wear investigation results and oil seal
deformation

In order to def ine the intensity of wear processes and
oil seal deformation during its contact with .shaft
sleeve, the monitor ing of l inear (one-dimensional)
wear parameters was done, that is, in accordance
rvith contact geometry the oil seal diameter, Ds, w'as
monitored. Measuring of the diameter was done in
determined time intervals (for every 5 hours of
working),  by using nniversal tool  microscope UIM
21, whose precision of reading is of I  pm level.  In
Figure 8., positions of measurin-9 directrons at the oil
seal with aluminum case are sho$,Il. Oil seal
diameter is determined by applying the fol lowing
eouatron:

where D5, al 'e diametels in direct ions l -1,  2-2, 3-3
and 4-4. In Table 3. results of oi l  seal diameter
measuring for oi l  seal /  s leeve cont i ict  pair ,  i r re
presented, where h stands for oil seal diameter
increase compared to its initial value. Resuits of oil
seal diameter measuring for oil seal / sleeve +
sealing ring contact pair are given in Table 4.

D, = l f  o,,
4 7 t
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'fable 
3.

Contact

duration [h/

Ds ,
fmnt/

Dsz
fmm/

Dst

fmm/

Dsn
fmm/

Ds
fmml

h
[mm I

0 6 1 . 5 1 8 0 61 .5090 6 1 . 6 5 9 0 61. 5390 61.5s62 0
r0 6  l .  9 6 3 0 62 .0130 6 1  . ' l 5 1 0 61 .9050 61 .9080 0 . 3 5 1 7
20 62 .1040 62.0990 61  .  9100 62 .0510 62.04t0 0.4841
30 62.  1130 62. t260 61. 9540 62 .0810 62.0685 0 . 5 1 2 2
/ < 62 .2430 62.  r5 t0 61.9620 62. O6t0 62. 1058 0. 5495
60 62.2860 62 .2320 62.0210 62. 1230 62. t65s a .6092
85 62.3360 62 .2540 62.0200 62. t290 62. t848 0.  6285
125 62 .3530 62.2680 62.  1680 62 .0140 62.2158 0. 6-595
150 62 .3010 62. 1610 62.  1880 62 .2310 62 .2277 0.  66s5

TabLe 4.

Contact
duration fh/

D s t

f inm/

Dsz
fmm/

Ds-t

fmm/

Dst

fmm/

Ds
hmt I

h

fmrn I
0 6r .5530 6 1 .  6 6 7 0 61 .5660 6r .  4660 61.  s630 0
10 62.0110 6 2 .  1 8 8 0 62. 0830 61 .9670 62.0788 0 .5157
20 62.0960 62.2030 62.1240 62 .0210 62. ttt0 0.  5480
.10 62 .2110 62 .2210 62 .2130 62 .2130 62.2745 0. 6-5 r5
70 62.2960 62.4200 62. 3090 62.2640 62.3222 0 . 1 5 9 2
100 62.4060 62 .5330 62.4000 62.3300 62 .4 t72 0.  8543
130 62.4040 6 2 . 5 4 1 0 6 2 . 4 1 8 0 62.3860 62.4372 0 . 8 1 4 2
150 62. s190 62 .5950 62 .5100 62.4290 62.5132 0 .9502

FisLtre 8 oiL seaL w'i!r!,31i,i,!'"" of nreasttritts

Diagrams of changes (increase) of oil seal internal
diameter tbr both contact pairs are presented in
Figure 9. and in Figure i0.  l t  is obvious that in the
second case (oi l  seal /  s leeve + seal ing r ing contact
pair)  rnore intensive rvear and deforrnat ion process
trf  the oi l  scal  occurs. that is.  i ts internal diameter
increases. Thrs can be better noticed in Figure I I .,
where the changes of oil seal internal diameter, for
both cases, are comparat ivel l ,  presented. Results
obtained are absolutely in accordance with
invest igat ion results for tempel 'ature changes.
Increa.se of '"vear and delormation of oil seal for oil

seal  /  s leeve + seal ing r ing contact  pai r  occurs due to
increase of  seal  l ip  rest ing d iametel  et  o i l  seal
Under these condi t ions increase of  contact  zone
pressure occurs.  Increase of  rest ing d iarneter  (0. -5

mm) is  equal  to  the doubled valuc of  rva l l  th ickness
of  seal ing r ing (0,25 mm).  Af ter  1,50 hours.  wear zrnd
deformat ion of  o i l  seal  for  o i l  seal  /  s leeve + seal ing
r ing contact  pai r  is  for  0,23 mm bigger cornpared to
the reference oil seal / sleeve contact pair. This
means that increased wear and deformation of oil
seal  are absolute ly  compensated rv i th  the r i 'a l l
thickness of sealing ring.

Figure 9. Wear and deforntation of oil seulfor oil
s e u l  /  s l e e v t ' ( ' ( ) n l L t t ' l  l ) u i r
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Tabie 5

Contact
surface

Nwnber
of measu-
rements

Ra

tpml
Rq

[lt*]
Rt

tlnnl
Rv

tp-l
Rp

tp*l
Sm

tp*l
s

[pn]
Rz

tp^l
Aq

t'l
Rsk

t-l
Rku

t l

Shaft
s leeve

1 0.32 0.43 1 . 2 2.6 0.1 t9 2.7 4.2 1 . 6 8 .2

2 0.31 0 .52 3 .6 2.9 0.7 62 19 A / 1 1 . 9 8 . 8

Speedi-
SLeeve

I 0.25 0 .31 1 .6 0 .8 0.7 66 t a
I J 1 .2 -0 .1 2 .5

2 0 .31 0.36 l . '7 1 .0 0.1 60 1 a
T J L 4 1 . 6 -0 .5 2 .8

F  6 2 4
1

t
=  a " .

=
c

I

a  6 1  8
€
=
i  6 1 6

a

t-

60 80

contact  durat ion.  h

120

F igure 10. Wear attd deformation of oil seal .for oil
seaL / sleeve + sealing ring contact pair

Figure I 1. OiL seal internaL diameter changes

3.3. Crankshaft sleeve and sealing ring wear
investigation results

At the beginning of investigation, the review of
contact surfaces topography for crankshaft sleeve
and for sealing ring rvas performed. Measurement
was conducted at computerized device TALYSURF
6. Measuring results is given in Table -5.

Due to parameters given in Table 5., both contact
surfaces belong into the f i f th class of roughness in
accordance r.v i th Yusoslav standards.

Quantification of wear process for sieeve and sealing
ring was very hard to perform because of two ntain
reasons, as following:

1. Sleeve wear and especial ly seal ing r ing r t 'ear
was of a very small level (wear track depth rvas
maximum up to 1 Ltm) which caused that
changes had been developed at microgeometry
level of contact surface.

2. Contact surface corrugation at the sealing ring
area, (of several pm level), is caused by the
manufacturing process itself and had
signif icant ly lowered visibi l i ty '  of  the contact
zone. I l lustrat ion of thrs phenomenon is given
in Figure 12. A part  of  seal ing r ing contact
surface, the same reference line filmed, afier the
l0'n and after the 150'h hour of contact.

Figure 12. Contact surface profi le ot sealtng rit lg

are0

-

E
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Because of problems stated above, a statistical
analysis of saved signals was done. During this
process, in area around contact zone, elimination of
corrugation influence was done.

Due to the profile filming in a contact zone and
results analysis, the wear curve for sleeve was
obtained as in Fisure i3.

Figtrre 13. Wettr curve for crankshaft sleeve (oiL seaL
/ sleeve contact pair)

I

prof i le lenght.  mrr

5

Figure 14. Development of sealing rirtg wear (oi!
seal / sLeeve + seaLing ring contact pctir)

Development of sealing ring lvear (oil seal / sleeve +
seal ing r ing contact pair)  was negl igible during 150
hours of working. This is shown in Figure 14..
where the changes in sealing ring contact surfacc-
microgeometry can be hardly seen, though i t  has
very large magnification level.

One conclusion can be drawn from the anal l ,s is of
presented results,  that seal ing r in-e wear (oi l  seal /
s leeve + seal ing r ing contact pair)  is not the l imitrng
factor in i ts appl icat ion for regenerat ion of s l id ing
surfaces in contact with oi l  seal.  Though the bearirrg
curve for sealing ring profile is a bit worse than the
one for crankshaft sleeve, experimental investigation
determined that seal ing r ing corrtact zone rvear i :
lower than crankshaft sleeve contact zone wear with
same invest igat ion condit ions for both cases. Seal ing
r ing wear intensity (oi l  seal /  s leeve + seal ing r inr
contact pair)  is very slow. This enables long t inr.-
seal ing and i ts rel iable appl icat ion for regeneratron
of worn off sleeve.
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4. CONCLUSION

There are certain differences in intensity of
tribologicai process development for oil seal / sleeve
+ sealing ring contact pair and oil seal / sleeve
contact pair. These differences are caused by
changes in contact conditions and in contact
elements'  mater ials.

r \verage value of maximum temperatures in contact
zone for oil seal / sleeve + sealing ring contact pair
is a bit higher than the one for the reference contact
pair (oil seal / sleeve). The reason for this lies in the
fact that, for oil seal / sleeve + sealing ring contact
pair. the diameter of seal lip resting at oil seal is
bigger because of the seal ing r ing bui l t  in.

Ilor oil seal / sleeve + sealing ring contact pair, the
development of wear process and deformation of oil
seal is intensive (increase of oil seal internal
diameter). This is due to the pressure increase in
contact zone, that is, because of seal lip resting
diameter at oil seal increase (because sealing ring
u,as built in). More intense development of wear
process and deformation of oil seal process are
absolutely compensated by oi l  seal wal l  thickness.

Oi l  seal contact zone wear is signi f icant ly lower than
crankshaft sleeve contact zone wear under the same
investigation conditions. This means that sealing
ring wear, (oil seal / sleeve + seaiing ring contact
pair), is not a limiting factor in its application for
regeneration of sliding surfaces in contact with oil
seal.

All results obtained show that regeneration of worn
off  s leeve by seal ing r ing appl icat ion is a very
effective and rational method.
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