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Summary:

A static friction during a slide bearing’s start-up appears to be a complicated
process. To deal with the phenomenon, the author uses a molecular-mechanical
theory of friction. This paper reports the results that show the influence of a
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surface geometric structure of a journal on a static friction coefficient,

a frictional moment and tangential stresses on a bushing surface. In analysis of
results, it can be noticed that machining selection and the accuracy of a journal
surface have the significant impact on bearing system during its start-up.

REGISTER OF SYMBOLS:

Relating to properties of a bearing bushing material.E — Young's modulus
[N/m?], u— Poisson's modulusy— shear resistance of adhesive bonds fl\/m

3 — molecular component of friction resistance.

Relating to values of a bearing geometryB — bearing bushing width [m],

Cr = Ry1—Ry — radial clearance [m],sg= Rs>—Rs; — bearing bushing thickness
[m], Ry — journal radius [m], R — inner radius of bushing [mRs, — outer radius

of bushing [m], ,— contact angle on journal and bushing surfaces [rad].

Relating to values describing the geometric structure of a journal surface:

A. — contour area (total) for a journal — bearing bushing contact; #eal
friction surface A, — friction surface relating to single micro roughness [m],

b — parameter of capacity profile curve, h — penetration depth of roughness
peaks [m], k— constant dependent on capacity curve parameters, R — curvature
radius of surface roughness peak [Mmh.,R- maximum roughness profile
height m], R, — surface roughness height parameten][ t, — capacity
profile function,a — coefficient which describes stress states in a static balance
position in friction areaa = 0.5 — concerning elastic deformatian= 1.0 —
concerning elastic—plastic deformatian;- parameter of capacity profile curve,

A —roughness dimensionless coeffici¢e,, = h/ R, — relative depth.

Other values:f — friction factor on bearing bushing surface, F — load [N],-M
frictional moment [Nm], 0 — dissipation factor resulting from hysteresis
deformation of micro roughness on bushing surface,stresses on bushing
surface [N/rf], Tr — resultant tangential stresses on bushing surface[N#m

— tangential stresses arising from molecular interaction on solids boundary
[N/m?], 114 — tangential stresses in deformation area of micro roughnes§[N/m

INTRODUCTION

A static friction during a slide bearing’s start-up appe@ig. 1), to be

a complicated process. To deal with the phenomenon, the author uses
a molecular-mechanical theory of frictifin 4, 5, 8]. This theory describes the
friction force as the sum of forces of a molecular interaction between journal
and bushing materials and forces dependent on the deformation of a body's
surface coating whose material hardness is low, for example, a bushing. The
resultant friction force is estimated by the following equation:
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Fr=Fm*Fryg 1)

A frictional moment on a journal surface is equal to the product of the
friction coefficient, the bushing radius, and the force applied to a bearing:

M; = fIFIRy 2)
A frictional moment can be calculated from the following relation:
%o
M; = 2[R, (B0 7 [dg, 3)

%
Therefore, for a given geometry and bearing load, the friction coefficient
(Fig.1) is equal to the following:

%o %o
2[R, (BO[r; [g, 2[R, BO|r; g,
f — A - _¢0 (4)

FIRy, F

y Bushing

Bearing
journal

Fig. 1. Slide bearing geometry
Rys. 1. Geometria fyskaslizgowego

To design a model, the following assumptions are accepted: the bushing
surface is perfectly smooth while the journal surface is rough. The material
hardness of a journal is HRC>40; whereas, the bushing is made of a bearing
alloy with a hardness of HB<100. It is assumed has that the deformations of the
journal outside surface are essentially small in comparison with deformations
of the outside surface of the bushing. Moreover, the deformations of the outside
surface will be elastic. Other assumptions concerning the use of a physical
model and a mathematical model equation for slide bearings are presented in
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[L. 6]. This paper reports the results that show the influence of the surface
geometric structure of a journal on the static friction coefficient, the frictional
moment and tangential stresses on a bushing’s surface.

SURFACE TEXTURE GEOMETRY OF JOURNAL

A micro-geometric model of the journal surfafle 1-3, 7] is taken into
consideration and shown in Fig. 2. It is described by the following values:
» A real friction surface which refers to a single micro roughness can be

written in the following termsA =a [2[n[Rlh (5)
« Profile capacity functiont, = b [&; (6)
« Roughness dimensionless coefficiet= R'“—axl @)

RlbY
« Penetration depth of roughness peaks of a journal in a bushing surface:
2
[ )R, ]
b v -1) [k [E

(8)

There is a relationship between the real friction surface and the contour
surface that can be presented by the following equation:

A =aUA O, =a DA Dbix,

, where:
v
05 ) v+l
A':i:a/ Sm-n[ER [(ﬂ.—/,l) (9)
1
A v iy -1) [k, [E [N
F
A ’u:T[Rh s /// E //
¢ R
Micro roughness area with elastic deformation

Fig. 2. Micro roughness of a journal surface model
Rys. 2. Model mikronieréwrigi powierzchni czopa
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CALCULATION EXAMPLE

To carry out the calculation, the author has chosen a journal slide bearing and
described its geometry and material properties in Table 1. The following values
are examined for a given load (F): 2¢ contact angle of a journal and

a bushing surface, M- frictional moment on a bushing surface [Nm(p) —
tangential stresses on a bushing surface f\nd f — friction coefficient on a
bushing surface. To study the bearing’s properties, the author has accepted
three types of geometric forms of the journal surface that can be created in
turning, grinding, and honing processes. These operations have been examined
according to accuracy classes, namely, rough and precise. Parameter values that
describe a surface geometric structure are accepted based on studies published
in [L. 4]. Results are given in the form of a function: F 3d(M; = M1(¢o),

1 = Tr(¢o), f = f(do) and presented in the Figures 3—4.

Table 1. Calculation example
Tabela 1. Przykiad obliczeniowy

Given values

LOAD AND VALUES DESCRIBING BEARING GEOMETRY
F —load [N] 200.0-1.0x 19
R;— journal radius [m] 209.745 x 1C°
Rg; — inner radius of bearing bushing [m] 210.0 x 10°
Rg, — outer radius of bearing bushing [m] 214.0 x 10°
B — bushing width [m] 315.0 x 1C¢°

Material properties of bushing
E - Young's modulus [N/fh 0.38 x 16*
p — Poisson's modulus 0.38
Piim — acceptable mean forces [Pa] 7.0x10
T7o — shear resistance of adhesive bonds fN/m 8.0x 16
3 — molecular component of friction resistance 0.065
O¢s— losses coefficient caused by hysteresis 0.1
deformations of micro roughness on bushing surfate
k, — constant dependent on capacity curve parameters, 0.4
Values describing surface texture geometry of journal

rough turning A=7.9x105v=19
precise turning A=6.3x 10%v=1.6
rough grinding A=1.6 x105v=20
precise grinding A=2.8x10%v=15
rough honing A=1.2x105v=17
precise honing A= 4.65x 105, v=16
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It is assumed that an acceptable value of mean forggss70x1¢°[P4],
acceptable bearing load ig,E 926 x 16N]. The acceptable load is equal to this
angle, Boim = 19°. For the established given values present@ailite 1regions are
defined by this inequalitf <F,, i 26, < (2¢,);» and shown in thEig. 3.

24,
20"+
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2ip 19 ) e
e . _../"'/ - z
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12° / ! -
/ ks
/ uw
g | /|| E=0.38x10" [Pa] w |
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| R, =210 x 107 [m]
4 = B=315x10" [m]
r p..=7.0 x10" [Pa]
% Fe10"[N]
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Fig. 3. The influence of a bearing load (F) on the contact angle of a journal and a bushing
surface (2pg)
Rys. 3. Wptyw obcizenia tayska (F) na 4 kontaktu powierzchni czopa i panewkipg?
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Fig. 4. a) The influence of the contact angle of a journal and bushing surfacepg} on the
coefficient of static friction (f);
b) The influence of the contact angle of a journal and bushing surfacedg) on the
frictional moment on the bearing journal surface (M)

Rys. 4. a) Wplyw 4ta kontaktu powierzchni czopa i panewkipgR na wspoétczynnik tarcia
statycznego (f); b) Wptywdta kontaktu powierzchni czopa i panewkpgPna moment
tarcia na powierzchni czopazgskowego (M)



5-2014 TRIBOLOGIA 131
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Fig. 5. c¢) The influence of the contact angle of a journal and bushing surfacedpe} on tan-
gential stresses on bushing surfacea), in a journal slide bearing: 1 — rough turning
A=7.9x 10" v=1.9, 2 — rough grinding A= 1.6 x 10", v=2.0, 3 — rough honing
A=1.2x 10, v=17,4- precise turningA = 6.3 x 10%, v= 1.6, 5 — precise grinding
A=2.8x10 v =1,5, 6 — precise honingA = 4.65 x 1C°, v= 1.6

Rys. 5. c) Wplyw kta kontaktu powierzchni czopa i panewkip¢R na napgzenia styczne na
powierzchni panewkitg): 1 — toczenie zgrubng = 7.9 x 10, v = 1.9, 2 — szlifowanie
zgrubneA = 1.6 x 10', v=2.0, 3- dogtadzanie zgrubnA= 1.2 x 10", v=17,4—
toczenie doktadned = 6.3 x 1%, v=1.6,5— szlifowanie doktadner= 2.8 x 1@,

v = 1,5, 6 — dogtadzanie dokladn®e= 4.65 x 16}, v = 1.6

ANALYSIS OF RESULTS

Studying the curves irrigure 3, reveals that an increase of bearing load
promotes an increase in the contact angle of the journal and bushing surface.
The types and accuracy of the machining operation have an essential influence
on the friction coefficient, the frictional moment, and the values of tangential
stressesFigure 4 shows that, if the contact angle increases)(2fpe friction
coefficient value decreases (f), and frictional moment values) (dhd
tangential stresses valuas)(increase. The growth of the angle {P¢educes

the influence of machining type on the friction coefficient value. The examination
results for anglesi®=5" and oim = 19° are presented ifiable 2
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Table 2. The influence of machining type and accuracy on the friction coefficient and
frictional moment in a lateral slide bearing

Tabela 2. Wplyw rodzaju i doktadém obrébki na wspoétczynnik tarcia i moment tarcia w po-
przecznym faysku slizgowym

2¢,=5" 26,=19°
Machining type F=16.623 x 1§[N] Fim=926 x 18[N]
f My [Nm] f Mz [Nm]
Ao *1%?'32 16 0.218 7.60 x 19 0.180 3.51x 10
Z‘;sz'ga;el%gnvd:infs 0.191 6.68 x 10 0.171 3.33x 10
Zizega;elyr\i)lglls 0.169 5.88 x 10 0.160 3.12x 10
X’zulqg Qolrglr,'%: L7 0.157 5.48 x 10 0.154 3.00 x 10
Z’:ﬁg Iulrgf?vz 1o 0.147 5.15 x 10 0.153 2.99 x 10
rAc’:”Eg grilno‘ffr\‘)i - 0.145 5.10 x 10 0.145 2.82x 10

Functions M = M(¢o), T+ = t1(¢o), described inFigs. 4 and 5 are
increasing. The smallest values of tangential stresses and frictional moments
appear in rough grinding, i.& = 1.6 x 10", v = 2.0, while the highest values
appear in accurate honinf:= 4.65 x 10, v = 1.6. Additionally, machining
accuracy has an essential influence on the friction coefficient value during
bearing start-up. For angle $5°, a change of grinding accuracy from a
rough machining with parameterA £ 1.6 x 10, v =2.0) into an accurate
machining with parameterd & 2.8 x 1%, v =1.5) causes an increase of the
friction coefficient by 31%. While, for the angle 2919°, the increase is
18% Consequently, it can be noticed that the machining type and the accuracy
of a journal surface have at significant impact on the bearing system during its
start-up. The research work reveals that an introduction of a static friction issue
into calculation methods can improve in the essential operations of slide
bearings.
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Streszczenie

Zjawisko tarcia spoczynkowego podczas rozruchu hysk slizgowych jest pro-
cesem zigonym. Do analizy zjawisk przygto molekularno-mechaniczr teorie
tarcia. W pracy przedstawiono wyniki badair opisujace wptyw struktury
geometrycznej powierzchni czopa na wspétczynnik tarcia spoczynkowego,
moment tarcia i naprezenia styczne na powierzchni panewki. W analizie
wynikéw badan wykazano, ze rodzaj i doktadnosé obrébki powierzchni
czopa w istotny sposéb wptywa na wiaswosci wezta tozyskowego podczas
jego rozruchu.






