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Abstract — Nowadays more and more advanced technologies in
surface finish are developed. The ball burnishing technology of
wear sleeve gives smoothened surface characteristics, which im-
proves initial abrasive wear resistance, bearing rate, and residual
compressive stresses in the surface layer of the wear sleeve. These
parameters may significantly increase the life cycle of PTFE seal-
ing knot. This paper recognizes the technology advances in wear
sleeve manufacturing and gives directions for further research
and discussion.
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I. INTRODUCTION

Traditional technology of PTFE wear sleeve manufacturing
is plunge grinding. This is the way how to process hardened
shaft wear sleeve and obtain reasonable surface texture for seal-
ing surface [1.]. The wear sleeves of PTFE lip seals, which are
highly reliable in standard working conditions, are made from
100Cr6 (AIS152100) tempered steel. Most of the sealing knot
manufacturers use needle roller bearing inner race for shaft pro-
tection (Fig.1), because its surface texture and roughness sat-
isfy good sealing requirements (Table.1). These sleeves guar-
antee leakage free operating of a screw compressor at least for
10,000 hours. Sometimes during these periods of time, we find
out deep wear grooves on the wear sleeve sealing surface,
which may become a cause of oil leaks (Fig.2). Small abrasive
particles in size up to 5-10um, which often are present in the
working environment, are the cause of excessive wear of the
shaft protective sleeve.

The one of ways how to improve wear endurance of the
sleeve against small abrasive particles is the usage of sleeve
material with higher surface wear resistance. Residual com-
pressive stress, which remains in the surface layer after plastic
deformation, is the factor which increases fatigue strength of
the processed material. Hence it increases wear resistance
against sliding wear. Thus, the problem solution is to make a
wear sleeve with higher initial surface hardness, lower friction
coefficient, and enough deep and large residual compressive
stresses in the surface layer. This may be successfully obtained
with the change the manufacturing technology of the wear
sleeve. The ball burnishing process can provide same surface
quality as grinding. Usage of tungsten carbide balls allows per-
forming plastic deformation even on hardened and tempered
steels with surface hardness up to 65HRC. The abrasive pro-
cessing technology nowadays is replaceable with surface plas-
tic deformation, thus giving opportunity to obtain 5-10% harder
upper layer of the surface with the same surface roughness pa-
rameters. The other advantage of this processing technology is
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that this technology works without material cutting or remov-
ing. Hence at the same time burnishing process is much friend-
lier to the working environment, there are no small grinding
grains in the processing area, and there is no need for a large
amount of cooling liquid, because temperature increase in the
processing area is much lower than in abrasive cutting with un-
defined cutting angles. Extensive research on temperature
fields in burnishing process has been made by Russian scientist
D.Papshev [3.]. The plastically deformed materials have higher
density of crystal grid and are more resistant to any external
influences. One of the attractive aspects of burnishing technol-
ogy is relieving of residual tensile stresses, which are in the sur-
face layer after hard turning. After burnishing the surface often
has compressive stresses in the upper layer.

Burnishing technology is quite simple and available for any
machine shop, but still now potential users of this technology
do not have sufficient knowledge on the advantages of plastic
deformation technology. Thus, the burnishing technology still
is like a non-traditional or alternative processing technology.
The best samples of using of burnishing can be found in avia-

tion, marine and military industries.
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Fig. 2.New and hardly worn out shaft protective sleeve.
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TABLE 1
SOME STANDARDS AND SEALING MANUFACTURER RECOMMENDATIONS FOR SHAFT SURFACE QUALITY

DIN 3760 DIN 3761 Elring SKF Garlock IDG
Ra[pm] 02-0.8 0.2-0.38 0.2-0.38 02-0.8 02-03-05-0.6 0.05-05
R [um] 1-5 1-4 1-4 1-4
Rimax[nm] 6.3 6.3 6.3 08-1-2-3
Spiralfree Yes Yes Yes Yes
Hardness 45HRC 600HV >45HRC 55HRC/600HV 40-45HRC >58HRC
Other DIN 3761 Ra and Rmax depend on speed v>16m/s, Tp>50%

v=11-16m/s, v<16m/s R=0.05 - 2
Il. TECHNOLOGY The surface contact between the burnishing tool and the work-

The processing technology how to obtain a wear sleeve with

an attractive surface quality and spend less money in manufac-
turing includes initial hard turning of the hardened steel pipe
with the cubic boron nitride cutting tool (CBN) and sequential
low plasticity burnishing with the tungsten carbide ball. This
technology excludes abrasive processing. Thus, it eliminates
abrasive grain penetrating in sleeve material during processing,
which may heighten initial abrasive wear of protective sleeve
and sealing lips at the beginning of exploitation.
The technology of hard turning and sequential burnishing of
some hard materials was already developed many years ago by
Russian, German and other scientists. The most prominent of
them are D.Pashev, F.Klocke [4]. A couple of recent researches
in this area are done by L.Luca [8] and Yung — Chang Yen [6].
The hard turning processing for surface preparation for ball
burnishing is done by CBN cutting tool with 60° major and mi-
nor cutting edge angles and relative small tool nose radius
R=0.1mm (Fig.3). The theoretical peak to valley height can be
easily calculated by equation:

Ren = 7 (1 ~ 1= (Zirs)2> ~

r. — tool nose radius, mm ;
S- feed mm/rpm.

M
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where

The selected geometry ensures that the hard turned surface
profile will be capable for surface plastic deformation with
enough high deformation and burnishing speed and feed.
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Fig.3. CBN cutting tool base plane geometry

piece often is an ellipse, with the major axis oriented in parallel
to the longitudinal axis of the workpiece. Therefore, according

to

sphere-to-sphere elastic contact [5] contact length of minor axis

may be calculated.

_ 3[3:(1-v3)rFp
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rw,lt — workpiece and tool radius;

)

®)
(4)

Ew,Et — Young’s modulus of the workpiece and tool;

vy - workpiece’s Poisson’s ratio, (0.3)

More easily contact surface can be calculated by Hertz
stress calculator like HertzWin 1.2.2.or mesys.chonline stress

calculator.

«ll HertzWin 1.2.2
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Fig.4. HertzWin1.2.2 calculation sample for 2500N normal force
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Hertz Win stress application calculates and displays contact
stress values and surface radiuses. Contact radius in the longi-
tudinal direction of the workpiece is slightly larger (341.57um)
than in cross direction (307.38um); The depth of impression
draws up 37.89um in case of 2500N normal force.

The surface contact area of ellipse:

F=m-a-b (5)
F=0.33mm?

Further contact time of any surface point may be calculated:

_60d; _ 602'b
€7 1000 v51000

(6)
t:=0.0004sec

I11. MATHEMATICAL MODEL OF SLEEVE BURNISHING
PROCESS

Low plasticity ball burnishing was performed on conven-
tional lathe 16K20. The full three factor experiment was done
for characterization of the burnishing process. Burnishing
force, speed and feed rates are chosen as factors, which have
the most significant influence on the processed surface quality.
The initial surface roughness of sample pieces before burnish-
ing tests: Ra~2um, processed material: hardened steel 100Cr6,
with initial surface hardness 53HRC. The burnishing tool: 6mm
tungsten carbide ball (grade25), preloaded by a spring mecha-
nism. Spring tension force of burnishing tool was calibrated by
indicator gauge and 3000N force dynamometer.

The surface roughness profile of wear sleeve before and af-
ter burnishing is displayed in Fig.4a.
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Fig.4a. General view of hard turned and ball burnished wear sleeve surface.
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TABLE 2
VARYING FACTORS OF BURNISHING EXPERIMENT

Force, Fy(N) 1500 — 2500
Speed, v,(m/min) 88 —135
Feed, Sy(mm/rpm) 0.05-0.15

TABLE 3

EXPERIMENTALLY OBTAINED RESULTS
N | Sy Vb, Fo, N Y1 Y2 Y3 Ra
mm/rpm | m/min

1. | 005 88 1500 | 0.65 0.71 0.65 0.67
2.1 0.15 88 1500 0.55 0.58 0.55 0.56
3.1 0.05 137 1500 | 0.76 0.77 0.87 0.80
4.1 0.15 137 1500 0.8 0.76 0.72 0.76
5. | 0.05 88 2500 | 0.54 0.48 0.57 0.54
6. | 0.15 88 2500 | 045 0.47 0.55 0.49
7. | 0.05 137 2500 0.49 0.55 0.64 0.56
8. 1015 137 2500 | 0.59 0.54 0.61 0.59

The obtained mathematical model for prediction of surface
roughness after ball burnishing is presented as follows:

Ra = 0.515 —3.16S + 0.052v + 0.000018F + 0.013Sv
+ 0.00064SF — 0.0000021vF

The obtained surface roughness is acceptable for sealing ap-
plication paired with PTFE lip seal. Wear resistance and fric-
tion losses have higher characteristics for wear sleeve applica-
tion. In addition, surface layer has compressive stresses, which
significantly increases sliding wear resistance and strongly re-
duces spread and formation of corrosion seeds.

Analysis of the mathematical model displays that increasing
of burnishing speed generally has a tendency for producing a
rougher burnished surface, it could be explained by too short
contact force time for plastic deformation of sample material.
The experiment also displays that too small burnishing feed rate
did not yield the expected result, and better results were ob-
tained with 0.15mm/rpm feed rate.

Fig.5. Corrosion seeds on ball burnished — left, and grinded shaft wear sleeve
—right.

1V. CONCLUSION

1. The replacement of grinding technology allows exclud-
ing abrasive grain penetration in the surface of protective
sleeve, thus eliminating the initial wear of shaft protective
sleeve and PTFE lip seal.

2. The low plasticity ball burnishing of 100Cr6 wear sleeve
raises the hardness of the sleeve surface layer for about 3HRC
units. An experimental test gives results of hardness increasing
from 53 to 56HRC units.
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3. Hard cutting parameters for further low plastic burnish-
ing are as follows: cutting speed 100m/min., depth<0.15mm,
feed rate 0.05mm/rpm.

4. The parameters for ball burnishing technology of hard-
ened 100Cr6 steel pipe, which give the acceptable surface seal-
ing applications: burnishing force2000N on 6mm tungsten car-
bide ball, speed v=100m/min, feed S<0.1mm/rpm.
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Guntis Pikurs, Guntis Bunga, Viktors Gutakovskis, Artis Kromanis. Virskartas plastiska deforme$ana ar loditi ka nobeiguma apstrade kompresora
varpstas aizsargcaulai

Zinatniska raksta t€ma ir skriives kompresora blivsléga mezgla ekspluatacijas Ipasibu uzlabosana, paaugstinot blivsléga mezgla varpstas aizsargc¢aulas nodilu-
mizturibu pret sikajam abrazivajam dalinam. Varpstas aizsargfaulas nodilumizturibas paaugstinasanas tiek panakta, izmantojot §is detalas izgatavoSanas tehno-
logijas nomainu no bezcentra slipgSanas tehnologijas uz virskartas plastiskas deformésanas tehnologiju. Lai noteiktu izgatavoSanas tehnologijas parametrus, tika
veikti triju faktoru eksperimenti aizsarg€aulas izgatavo$anas tehnologiskajam operacijam.

Péc triju faktoru eksperimenta veik$anas un datu apstrades, tika ieglits matematiskais modelis plastiskaja deformé$ana iegiistama virsmas raupjuma vidgjas arit-
mgtiskas novirzes atkaribai no plastiskas deformésanas apstrades parametriem.

Varpstas aizsargcaulas izgatavoSana ar plastiskas deformé$anas metodi izslédz abrazivo dalinu nonaksanu aizsargcaulas materiala virskarta, kas ir raksturiga

slipésanas operacijam, tadgjadi izsledzot abraziva sakotngjo nonaksanu starp PTFE blivsléga un 100Cr6 varpstas aizsargcaulas virsmam un intensivaku sakotngjo
dilSanu.

I'ynrnc IMuxype, I'yntuc Bynra, Bukrop I'yrakoscekmii, Apruc Kpomannc. O0kaTka IapuKoM KaK MeTOl 3aBepuiaonieii 00pa0doTKu /sl 3aIIHTHOM
THJIL3bI BaJla BHHTOBOIO KOMIIpeccopa.

Tema Hay4HOW CTAaThH - MOBHIIEHHE Ka4eCTBA SKCILTYaTAaIlMOHHEIX CBOICTB BUHTOBOTO KOMITPECCOpA 3a CUET YJTydIICHHs KauecTBa paboThl YIIOTHUTEIBHOTO
y37a, 3alIUThl HICTUPAHUS TUIB3bI Bajld OT KPOIIEYHBIX A0Pa3UBHBIX YACTUII. YBeIMYEeHHUE H3HOCOCTOMKOCTH I'MIIB3bI BaJld JOCTUIAETCs 3@ CUET HCIOIb30BaHUS
TEXHOJIOTHI IOBEPXHOCTHO-IIACTUYECKOH AeopMaliy U 3aMEeHBI TEXHOJIOTUH NITH(OBKHU. MccaenoBanue IPOBOAUIOCH IIPH IPOU3BOACTBE 3AIIUTHOH IICHKU
C TIOMOIIBIO TIACTHYECKOTO epOPMUPOBAHNS TIOBEPXHOCTH. J{1Ist OTIpesieneHys mapaMeTpoB TEXHOIOTUH 00pabOTKH OBIIO MPOBEIEHO TP OIBITA T H3yIeHHs
3QIUTHBIX (PAKTOPOB TEXHOJIOTHYECKUX OIEPaLHii.

IMocne Tpex(haKTOPHOrO dKCHEPUMEHTa W OOPAOOTKH JAHHBIX ObIIM IIOTyYeHBI MAaTeMAaTHYECKHE MOJENH IUIACTHYECKOM AedopManmum I OHpeneneHHs
3aBHCHMOCTH IIEPOXOBATOCTH IIOBEPXHOCTH OT CPEIAHET0 OTKJIOHEHHS 110 IIIACTHYECKHM MapaMeTpaM 00paboTkn aedopManum.

ITpou3BoACTBO 3aIIUTHOM THIB3BI Bala METOJOM IIACTHYECKOro Ae(OopMHPOBAaHHS HCKIIOUAeT MONaJaHue aOpa3sHBHBIX YaCTUII B 3AIJUTHBII TOBEPXHOCTHBIN
Martepual, B OTINYHE OT IUTH(OBAIBHBIX OTEpAIHii, TEM CaMBIM HCKITIOYAET moraaanue abpasusa B ucxonnoe PTFE-ymurotaenue u 3anmrtHoi ribs3sr 100Cr6
MIOBEPXHOCTEH, a TaKkKe MOBBIIIEHHBIH H3HOC OPUTHHATIA.
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