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Prediction of the Contact Pressures
and Resource of Metal-Polymer Linear
Cylindrical Plain Bearings

Different types of linear bearings (guides) are widely used in practice in
various equipment, as in many other areas of human activity. In particular,
this applies to cylindrical guides (linear plain bearings) of reciprocating
motion. However, despite their considerable distribution, in fact, there are
no reasonable methods for calculating the wear and service life of not only
metal but also metal-polymer linear bearings. According to the author's
method, the influence of load, base diameter and radial clearance on the
maximum initial pressures in this bearing was investigated within the
plane contact problem of the theory of elasticity. Further, using the
computational method according to the author's tribokinetic model of wear
during sliding friction, the effect of the composite bushing wear on the
change of the initial contact characteristics (contact pressures and contact
angle) was evaluated. The forecast calculation of the service life of the
bearing depending on the above factors is also carried out. Quantitative
and qualitative regularities of dependence of contact pressures and a
resource on the accepted factors are established.

Department of Mechanical
Engineering Technologies

Ukraine Keywords: metal-polymer linear cylindrical plain bearings, calculation
method of contact parameters, resource calculation method, polymer

composites

1. INTRODUCTION

Linear plain bearings (plain and cylindrical guides),
which provide reciprocating motion in mobile
connections, are widely used both in mechanical
engineering and in many other areas. In particular in
forging and pressing equipment, metal - cutting
machines, hoisting - transport mechanisms, agricultural
machines, packing equipment, equipment of food and
processing industry, equipment for wood and plastics
processing, aerospace technology, positioning drives,
laboratory and medical equipment, measuring devices,
etc.

Cylindrical guides are also quite common. They
have a base made of steel or cast iron, and a slider bus—
hing made of bronze or anti-friction cast iron. However,
a hybrid combination of materials friction pair is
increasingly used, when one of its elements may be
made of composite polymeric materials. In particular,
such technologies are used to restore worn contact sur-
faces by applying a layer of composite material. In these
hybrid friction pairs, the materials will have
fundamentally different strength, elastic characteristics
and wear resistance.

However, even for the classical type of linear plain
bearings made of metallic materials, no appropriate
calculation methods have been developed, although this
is necessary for the needs of engineering practice. To
study the contact strength, wear and resource of this
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type of linear bearings with metal elements, the known
computational methods [1-6] and numerical methods
(Ansys) [7-9] were not used. With regard to metal-
polymer linear bearings, there are no effective and
sound computational methods for their study. Only in
[10-12] experimental studies and numerical modeling
by FEM of contact pressures and their changes due to
wear in polymer composite bearings were performed.
As for the methods of calculation (simulation) of the
resource of this type of bearings, they are absent. Also
by the method of triboelements [13] a certain attempt
was made to estimate the wear of a thin elastic layer on
the rigid bushing of the sliding bearing during
reciprocating motion.

In practice, plain bearings with rotational shaft
motion are also widespread, where hydrodynamic
lubrication is realized, in particular, the study of this
type of bearings is presented in [14-16]. However, due
to the occurrence of the oil film bearing layer at a steady
rotational motion, there is no mechanical contact
between the shaft and the bushing, which is a feature of
such bearings. Accordingly, the wear of its contact parts
will be absent here, unlike plain bearings of rotary and
linear motion operating in conditions of boundary or dry
friction. In hydrodynamic friction, it is also customary
to determine the pressure in the oil film and the
thickness of the oil layer, rather than contact pressures,
as a criterion for their bearing capacity. Hydrodynamic
friction mode cannot be provided in linear plain
bearings.

Instead, according to the developed author's methods
for the study of plain bearings with metal elements [17-
22], in [23-25] the wear kinetics of cylindrical linear
plain bearings with metal elements operating in con—
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ditions of boundary friction was studied. Regarding the
study of this structures type with reciprocating motion
of one of the elements, they are known in the literature
regarding pneumatic cylinders [26-29] and hydraulic
cylinders [30-33]. This is not about wear, but about
determining the friction force in the piston and rod
seals, taking into account their geometry, diameter,
operating conditions in the cylinders (pressure, speed,
type of friction, etc.).

Below are the main principles of the developed
computational method for the study of contact pressures
and resource of metal-polymer linear cylindrical plain
bearings with a bushing of polymer composites Moglice
and DK6. The results of evaluation of the contact
parameters from the load, the diameter of the base of the
linear bearing, the radial clearance in the connection,
taking into account the wear and service life of the
bearing are also presented.

2. PROBLEM FORMULATION

There are different types of linear cylindrical guides
with one (Fig. 1a), two (Fig. 1b) and four (Fig. lc, d)
bases.

A linear cylindrical sliding bearing (cylindrical
guide) with one base (Fig. 1a) is modeled by an elastic
base 2, along which an elastic slider 3 with a non-
metallic bushing 1 performs a rectilinear reciprocating
motion at a constant speed v (Fig. 2).
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Figure 1. Linear cylindrical plain bearings

In the guide (Fig. 2) between the polymer bushing 1
with an inner radius R, and the steel base of the radius
Ry, there is a radial clearance ¢ = R, — R;. The polymer
bushing of the slider and the steel base of the guide have
significantly different elastic characteristics and diffe-
rent wear resistance. A static force F' is applied to the
slider 3, under the influence of which contact pressures
p(a) arise in the contact area 2a,, the magnitude and
distribution of which is unknown. Further study of this
guide was carried out as a plane contact problem of the
theory of elasticity for cylindrical bodies, which are in
internal contact under the action of the consolidated
radial force N = F/I,.

R, R,

Figure 2. Calculated scheme of linear cylindrical plain
bearing

3. CALCULATION METHOD OF CONTACT
PRESSURES AND RESOURCE

In accordance with [17, 18, 25] an integro-differential
equation of a certain type is used to determine the
magnitude and distribution of the initial contact pres—
sures p(a) in the investigated conjugation of cylind—
rical bodies of close radii. For its approximate solution
by the collocation method, the function p(«) is taken

in the form
pla)= E()e;",/tanzﬂ—tan22 )
2 2
where o =+0.5¢; - the collocation points; E, =
(es/ R)cos® (g /4) - the collocation coefficient;

Z= (L+x)(14m)Ey+ (14 )(1+ ) By, eq =
ey =4EE, /Z ,; E - Young's modulus; x =3—-4u - the
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plane strain state; ¢ - Poisson's ratio.
The contact zone 2R, o of the guide elements is set
if you know the contact semiangle ¢, which is found

at a given value of the load N according to the following
equation of equilibrium of forces applied to the base 2:

a0
N=R, I p(a)cosada =4xRyEye sin? (ag/4),

%
0< 09 <90° 2

When a =0, there is a maximum initial contact
pressure p(0), which characterizes the load carrying
capacity of the guide

p0)= Eye tan(aO /2). 3)

When the polymer bushing wears out, the contact
angle 2 will increase and the initial contact pressures

p(0) will decrease. Maximum contact pressure p(0, ¢, &)
in the guide during wear

p(0,2,h) = p(0) = p(0,h). “

The change p(0, &) of the maximum initial contact
pressure due to wear of the polymer bushing is
calculated by the formula [18, 20, 22, 25]

p(0,1) = EyCé), tan (%J (5)

where &), = hy.(Ky +# ); Cj, — the wear rate indicator;

W _h Blz'{)"l‘ (r—z’oz)mz

h m
1 BZTOZZ (T—TOI)
maximum Coulomb specific friction force; /A, -

Ky [20], z=/p(0) -

m

allowable wear of the bushing;

B,m, 1, - characteristics of wear resistance of mate—
rials in a tribopair, determined by the least squares
method based on the results of experimental studies of
wear at different levels of specific friction forces t [20,
22, 25]; Ky =1, K5(l - coefficients of mutual overlap
of the guide elements during moving contact.

An equation of the following type is used to
establish the contact semiangle ¢, at wear

N = 47RyEy (s + Cje;, ) sin> ‘%h , (6)

The resource of the cylindrical sliding guide is
defined in the form of the limiting path of sliding
friction L;« of the composite bushing

_ _BIT(’)nlI *
Cpron (1+h)(1=my ) Ky (7
_ , -
*{(T—T<)1)1 " —[(z = 701) = Ina (14 B)Cp701 ] ml}-

L.

where L;«= vt«, t« - service life of the guide in hours;
Ton = Jp(0,h) .
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4. NUMERICAL SOLUTION, RESULTS AND
DISCUSSION

Data for calculation: F = 500, 750, 1000, 2000 N; N =
F/ly =5, 7.5, 10, 20 N/mm; ¢ = 0.05, 0.075, 0.1 mm
(clearance fit H9/d9); D, = 40, 50 mm; /;, = 100 mm -
bushing length, /, = 500 mm - base length; K, =0.2,
Ky =1 f=0.09 — boundary friction; /A, = 0.5 mm.
Materials of elements of a cylindrical guide:

slider bushing: polymer composites Moglice and
DKé62Moglice — Ey, = 11200 MPa, 1,= 0.4, o, =

120 MPa, DK6 — EDK = 6500 MPa, HDK = 04, o,=

140 MPa; B, =12-10'', m= 19, 7;= 0.05 MPa —
their wear resistance characteristics;

base: carbon steel S45 - E, = 210000 MPa, p, = 0.3;
By =22-10", my=2.1, 7y, =0.1 MPa.

Moglice is the anti-friction polymer epoxy-based
material of German company «Diamant», which is used
for sliding surfaces renovation. Material DK6 is created
on the basis of an epoxy matrix with various fillers and
contains fillers, in particular molybdenum disulfide,
graphite.

According to the above computational methods, the
calculation of the maximum contact pressures p(0) and
their transformation p(0, ¢ h) due to wear was
performed; angles o, of the initial contact and their
magnitude o, during wear of the slider, and service life
of the guide L;. Their results are given in Fig. 3 — 7.
Figures (a) correspond to Moglace composite, and
figures (b) — DK6 composite.

Fig. 3 shows the quantitative and qualitative
dependencies of p(0) on radial clearance & and at
different loads N on the guide. With a smaller diameter
of the bushing with radial clearance increasing, the
pressures p(0) increase almost linearly, and with a larger
diameter, this dependence becomes close to linear.
Quantitative analysis of the obtained results of the
calculation shows that: increasing the radial clearance ¢

twice leads to an increase in +/2 times the pressures p(0)
regardless of the change in the load N and the base
diameter D,; a 4-fold increase in the load leads to an
increase in 2 times the maximum contact pressures p(0)
regardless of changes in the values of the radial
clearance, the base diameter D, and the type of
composite material. In the guide with the Moglice
bushing, the Young's modulus which is 1.3 bigger than
DK, there are pressures more than

:W'EM /EDK times.

Fig. 4 represents the change in the maximum contact
pressure p(0) when the bushing wears. The nature of its
change will be nonlinear with increasing radial
clearance.

The qualitative decrease of p(0) will be 3.43...3.49
times depending on the load, radial clearance and
diameter. With increasing load N 4 times p(0, ¢, /) will
also double, as will the pressures p(0) (Fig. 3).

Fig. 5 shows the qualitative and quantitative
dependences of angle o, on the radial clearance and the
load.
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Figure 3. Influence of the radial clearance and load on the
maximum contact pressures: D, = 40 mm - solid lines, D, =

50 mm - dashed lines
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It is established that o, will decrease nonlinearly
with clearance and load increasing. Increasing the radial
clearance twice helps to reduce the angle o, by V2
times at all load values. Accordingly, increasing the
load four times gives an increase in angles o twice.

In fig. 6 is shown the nature of the influence of the
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Figure 5. Influence of the radial clearance and the load on

the contact angles
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Figure 6. Influence of wear on the angles of the
tribocontact
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It is also observed a nonlinear nature of this
dependence, the largest at the maximum accepted load.
Increasing the clearance twice leads to a decrease in the
angle oy, by 1.73 times, which is approximately equal
to Ey/Epk . Instead, when the load is quadrupled, the
angle oy, will be twice as large.

Fig. 7 shows the qualitative and quantitative impact
of the radial clearance and the load on the resource of
the guide L, until the bushing 1 reaches the allowable
wear h;+= 0,5 mm.

The increase in the radial clearance causes a
significant decrease in the resource of the guide due to
the increase in maximum contact pressures. As the load
increases, this reduction in resource will be more
significant. Reducing the diameter also significantly
reduces the durability (Fig. 7).

Doubling the radial clearance causes the sliding
distance to decrease by 2.19 ... 2.91 times (Moglice)
and 2.40 ...3.40 times (DK6) depending on the load and
the base diameter (Table 1; 2).
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Figure 7. Dependence of the guide service life on the radial
clearance
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Table 1. Guide resource Ly, for a bushing made of Moglice

g, mm Sliding distance L, km

0,05 [1756]996 | 685 | 296 | 3548 | 1863 | 1234 | 502

0,075 | 987 | 586|413 | 186 [ 1845 | 1042 | 715 | 308
0,1 677 | 4121294 | 135 | 1219 713 | 498 | 221

N.Nmm| s 19501020 5 | 75| 10 | 20
D, =40 mm D, =50 mm
Increase
€, times Decrease L, times
2 |259(242 2,33‘2,19‘ 2,91 ‘ 2,61 ‘ 2,47 |2,27

Table 2. Guide resource Lk for a bushing made of DK6

€, mm Sliding distance L, km
0,05 |4026]2078/1364| 548 | 8918 | 4320 | 2655 | 968
0.075 2060 (1150 785 | 335 | 4274 | 2190 | 1432 | 573

0.1 1350 | 783 | 545 | 240 | 2624 | 1429 | 963 | 403
N,Nmm| 5 |75]| 10 | 20 5 7,5 10 | 20

D, =40 mm D, =50 mm
Increase
€, times Decrease L;, times
2 2,59 12,42 2,33‘2,19‘ 2,91 ‘ 2,61 ‘ 2,47 |2,27
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Table 3. The impact of the radial clearance on the relative
reduction of Lypy)/ L)

Composite | e, mm Sliding distance L;, km

DK6 0,05 | 4026 (2078|1364 | 548 [8918(4320|2655 | 968

Moglice | 0,05 | 1756 | 996 | 685 | 296 |3548 (1863|1234 | 502

L](D]()/Ll(M),timeS 2,29 2,09 1,99 1,85 2,51 2,32 2,15 1,93

DK6 [0,075| 2060 |1150 | 785 | 335 |4274|2190(1432|573

Moglice |0,075| 987 | 586 | 413 | 186 [1845[1042| 715 | 308

Lyoky/ Liomy, times| 2,09 | 1,96 | 1,90 | 1,80 (2,32 (2,10 | 2,00 |1,86

DK6 0,1 | 1350 | 783 | 545 | 240 |2624|1429| 963 |403

Moglice | 0,1 | 677 | 412 | 294 | 135 {1219 713 | 498 | 221

Lioky/ Liwy, times| 1,99 | 1,90 | 1,85 [1,78 {2,15|2,00 | 1,93 | 1,82

Load N, N/ mm 5 75110 | 20| 5 [75] 10 |20

Diameter D,, mm 40 50

The resource of the guide bushing made of DK6 will
be 1,77 ... 2,51 times greater than the resource of the
guide bushing made of Moglice (Table 3) depending on
the radial clearance in the joint and the base diameter.

5. CONCLUSION

The use of hybrid pairs of materials with significantly
different strength, elastic characteristics, deformability
and wear resistance in linear plain bearings requires the
creation of appropriate calculation methods by which at
the design stage it would be possible to assess contact
pressures, wear and service life. Due to their absence,
the authors conducted research aimed at developing an
appropriate method for solving the contact problem of
the theory of elasticity with wear of a hybrid
tribosystem according to the author's tribokinetic model
of material wear kinetics.

Using polymer composites Moglice and DK6, the
influence of the load, the bushing diameter and the
radial clearance on the quantitative and qualitative
patterns of change of contact parameters (initial and
while the bushing wears) and the resource of this type of
linear bearings from the specified factors was
investigated. The above calculation results indicate the
effectiveness of the presented method for estimating the
contact parameters in engineering practice in the design
of metal-polymer cylindrical linear bearings.
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INPEJABUBAIE KOHTAKTHOI IIPUTUCKA U
PECYPCA METAJIHO-TIOJIMMEPHUX
JMHEAPHUX NWINHAPUYHUX KIN3HUX
JEXAJEBA

M.Yepnerc, A.Kopuuenko, O.Paako, A.Paguonenko

PaznuuuTi TUMOBM JMHEapHHX JiekajeBa (Bolhuma)
MMajy MIMPOKY MPUMEHY KOJA OmpeMe Kao M Y MHOTUM
IpyruM oOnacTuMa JbyAcke akTUBHOCTH. OBo ce
moceOHO OTHOCH Ha HWIMHApPWYHE Bohume (nmHeapHe
KIU3HE JIeKajeBe) ca HaW3MEHWYHHM KperameMm. U
Nope IHUPOKe IPUMEHEe He TIOCTOje aJeKBaTHE METOJE
3a IpopavyH Xxabama W Ay>KMHY PagHOT BeKa He camo
Merana, Bel M METaTHO-NIOJMMEPHUX JIMHEAapHHX
nexxajeBa. [Ipema ayTOpoBOM METOAY H3BPIICHO je
UCTpaXHMBambe  yTUI@ja  onrepehema,  OCHOBHOT
IdjaMeTpa W pamdjalHOT 3a30pa Ha MaKCHMAallHU
MOYETHH TPUTUCAK KOJ OBOI' THIIA JIeXKaja Y OKBHUPY
npoOiieMa  MOBPIIMHCKOT  KOHTAKTa Yy  TEOPHUjH
enacTuiurera. [I[puMEHOM MeTOoje MpOopavyHa, mpema
ayTOPOBOM TPHOOKMHETHYKOM MOJENTy Xabama y TOKY
Tpema, W3MEepeH je YTHIa] Xabama KOMIIO3HTHHHX
Yyaypa Ha IPOMEHY MTOYETHUX KapaKTePHCTHKA KOHTAKTa
(KOHTaKTHM TIPUTHUCAK M KOHTAaKTHH yrao). Takobe je
[POpPaYyHOM, Ha OCHOBY HaBeleHHX (aKTopa,
npeaBuljeHa AyKWUHa Tpajamba pajJHOr BeKa Jexaja.
VYTBpheHe Cy KBaHTUTATHMBHE ¥  KBaJHUTaTUBHE
NPABIJIHOCTH KOJ| 3aBUCHOCTH KOHTAKTHOT IPUTHCKA M
pecypca on npuxsaheHux ¢akropa.
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