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ABSTRACT
The method of calculating the contact strength and service life of
cylindrical metal-polymer sliding guides (linear bearings) based on the
author's research methodology of the wear kinetics of materials during
sliding is given. The influence of load, bushing diameter and radial
clearance on the maximum initial pressures in the guide is investigated.
According to the developed mathematical model of wear the estimation of
influence of composite bushing wear on change of contact parameters
such as initial contact pressure and contact angle is carried out. The
prediction calculation of guide service life depending on the above-stated
factors is also carried out. Quantitative and qualitative regularities of
influence of the accepted factors on contact pressure and service life of
metal-polymer sliding guides are established.
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1. INTRODUCTION
Guides are widely used to keep in contact the
moving parts of various equipment and
mechanisms. The most common in mechanical
engineering are the guides of rectilinear motion.
Cylindrical guides (linear bearings) along with
plain guides are widely used in many areas of
human activity. In particular, in various
machines and equipment: forging and pressing
equipment, metal - cutting machines, positioning
drives, lifting and transport mechanisms,
packing equipment, laboratory and medical
equipment, equipment for food industry,
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equipment for wood and plastic processing,
measuring devices, etc. With regard to metalpolymer guides, metals and polymer composites
for conjugated parts differ significantly in
strength and wear resistance.
Despite the practical necessity of design
calculation of their service life or wear at the
design stage, appropriate computational
methods have not been developed for cylindrical
sliding guides. Computational methods for
sliding bearings with metal elements [1 - 5]
were not used to predict the durability or wear
of this type of guides with metal elements, and
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even more so to predict the durability of metalpolymer guides. These methods could be used to
determine the contact parameters, but even in
guides with metal elements such studies have
not been conducted. Only in [6] by the method of
triboelements the wear of a thin elastic layer of
sliding
bearing
rigid
bushing
during
reciprocating motion was determined. In [7],
and later in [10 - 13] the research method of
sliding bearings with metal elements is given,
based on the author's methodology of research
of materials wear kinetics at sliding friction.
According to this method, the wear kinetics of
cylindrical sliding guides with metal elements
was studied in [8-10]. In [16], the calculation of
contact parameters and friction forces in metal
cylindrical sliding guides was performed.
Instead, the literature presents quite widely the
results of experimental and numerical studies of
sliding systems with reciprocating motion of
pneumatic cylinders [18 - 20, 23, 28] and hydraulic
cylinders [17, 21, 22, 24 - 27]. The main task of
such studies is to assess the friction forces in the
seals of the piston and rod, taking into account
their geometry, diameter, operating conditions in
the cylinders (pressure, speed, type of friction,
etc.). However, there is no research on modeling
their resource and wear, which occurs under the
influence of their own weight.

the appearance of unknown contact pressures
p(α) in the contact area 2α0. The solution is
made as for the plane problem of the elasticity
theory for an assembly loaded with a radial force
N = F/l1 reduced to a unit length of the bushing.

а)

b)
Fig. 1. Cylindrical sliding guides with one (a) and two
(b) bases

The article presents the method for calculating
metal-polymer cylindrical sliding guides with
the bushing made of polymer composites
Moglice and DK6 and the results of calculating
the parameters of contact and resource.
2. PROBLEM FORMULATION
Cylindrical guides of rectilinear reciprocating
motion are shown in Fig. 1. The slider (carriage)
performs cyclic reciprocating movements on one
(Fig. 1,a) or two (Fig. 1,b) cylindrical bases.
The considered cylindrical guide is modeled by
an elastic base 2, along which an elastic slider 3
with a pressed-in bushing 1 performs a
reciprocating motion at a constant speed v (Fig.
2). There is a radial clearance ε = R1 – R2 in the
joint. The elastic characteristics and wear
resistance of the guide materials are
significantly different. The slider 3 is under the
influence of the working force F, which leads to

а)

b)
Fig. 2. Schemes of cylindrical sliding guides: a) general,
b) calculated
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3. DETERMINATION OF INITIAL CONTACT
PRESSURES

NR

α0



p(α) cos αdα 4πRЕ0ε sin 2 (α 0 / 4) . (4)

 α0

The main equation of the considered plane
contact problem for determining the arising
contact pressures in the conjugation of cylinders
of close radii at their internal contact is
presented in [10]
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G1 , G2 are the conjugation materials shear
modules; 1 ,2 are Poisson's ratios;   3  4
is the plane strain state; G  E (1  ) / 2 ; Е is
Young's modulus.

The collocation method
approximate solution
Accordingly, the contact
taken for one collocation
the form

p()  E0 tan 2

[7] is used for the
of equation (1).
pressure function is
point   0.50 in

0

 tan 2 ,
2
2

(2)

where Е0   е4 / R  cos2  0 / 4  is the collocation
coefficient; e4  4E1E2 / Z ,

Maximum initial contact pressure p(0) arises at
α = 0:

p(0)  Ε0 ε tan  α0 / 2  .

4. MATHEMATICAL MODEL OF THE STUDY
OF WEAR
Here, to solve the considered tribocontact
problem,
a
previously
developed
phenomenological mathematical model of
material wear during sliding friction is used [7,
10, 13]. The wear kinetics of tribocouple
materials is considered to be a fatigue process
with different wear rates depending on the
conditions under the action of friction forces, ie
it is a process of frictional fatigue. This is
evidenced by the literature data on the materials
wear regularities during sliding and the results
of the experimental studies conducted by the
authors. In view of this, the concept of frictionalfatigue destruction of surface layers (wear)
during sliding was based on the following
hypothesis: the rate or intensity of linear wear of
tribosystem materials depends on the level of
specific friction forces occurring in the
tribocontact. This hypothesis was thoroughly
confirmed by the results of our experimental
studies of wear of different types of materials
[10, 14, 15]. Based on these theoretical concepts
and research facts to describe the wear kinetics
of tribocoupling materials a system of ordinary
differential equations is used

1 dh1
1 ()  1,
v dt

1 dh2
 2 ()  1,
v dt

(5)

where h1 , h2 is the linear wear of tribocoupling

Z  1  κ1 1  μ1  E2  1  κ 2 1  μ 2  E1 .

(3)

The initial contact semiangle α0 at a given value
of the load N is determined from the condition of
equilibrium of the forces applied to the element 2,
by the equation [7, 10, 12]:
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For this purpose, the method of successive
approximations is used, when angle α0 is from
the condition of equality of the right and left
parts of equation (4).

elements; t is the wear time; () is the basic
parameter of the model – wear resistance
characteristic function of the material in the
taken tribocouple for the selected conditions of
triboprocess; τ is the specific friction force
arising in tribocontact, taken as a parameter of
its loading.
The determination of the specific friction force τ
is carried out according to the well-known
Coulomb dependence, which is widely used in
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technical applications relating to the solution of
contact problems taking into account friction, as
well as in tribocontact problems. It has the form

  fp,

(6)

where f is the sliding friction coefficient; р is
the contact pressure calculated by methods of
elasticity theory.
The characteristic function of the materials wear
resistance () according to their experimental
values i (i ) is approximated by the following
relation

0mkk
 k ()  Bk
,
(  0 k )mk

(7)

where B, m, 0 are the wear resistance
characteristics of each of the materials in a
tribocouple, determined by the least squares
method based on a number of experimental
values of this function at different levels of
specific friction forces і ; k  1; 2 are numbers
of tribocouple elements.
The experimental values of the wear
resistance function i (i ) are determined as
follows:

i (i )  Li / hi ,
where

Li  vti

is

the

sliding

(8)
distance;

i  1, 2,3... are specific frictional force levels і .
Linear wear of samples hі in tribo-experimental
studies of materials is determined by known
methods. Maximum contact pressure p(0,t,h) in
the guide during wear is determined as (9)

t 

p(0, t , h)  p(0)  p(0, h).

The change in the maximum initial contact
pressure p(0,h) due to elements wear is
calculated by the formula

α 
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 2 
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m2

is the maximum
specific friction force acting at the beginning of
the wear process at t = 0.
Then the maximum tribocontact pressure
p(0,t,h) is

α 
α 
p(0, t , h)  Ε0[ε tan  0   Ch εh tan  0h ]. (11)
 2
 2 
The tribocontact semiangle  0h is determined
by the equation (12)

N  4πR2 E0 (ε  Ch ε h )sin 2

α0 h
,
4

(12)

As a result of the integration of system (5),
taking into account the dependences (6), (7), (9),
(11), the guide service life t* before reaching the
allowable wear hk  by one of its elements is
calculated by formula (13)



(13)

For this type of tribomechanical sliding system it
is more expedient to determine the limiting
sliding distance L* as the service life of the
bushing until it reaches the allowable wear



m1
 B1τ01
1 m
L1 
( τ  τ 01 )1m1  ( τ  τ 01 )  εhCh τ 0 h  1 .
Ch τ 0 h 1  h1 1  m1  K1

The wear h2 of the guide base 2 during the
sliding distance L* is calculated as follows:

K1 ;

  fp(0)  fE0  tan  0 / 2 





(10)

where εh  h1( K1  h1 )  h2 ( Κ2  h2 ); Сh
is the wear rate indicator;

 Bk τ0mkk
1m
( τ  τ 0 k )1mk  ( τ  τ 0 k )  εhCh τ 0 h  k ,
vCh τ 0 h 1  hk 1  mk  K k

where τ0 h  f p(0, h .

(9)

h2  h1h1 / K1 ,

(14)

(15)
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5. SOLUTION, RESULTS AND DISCUSSIONS
According to [16], the diameter of cylindrical
guide base can be in the range of 30…120 mm.
Number of guides is ranged from 1 to 4.
Data for calculation: F = 500, 750, 1000, 2000 N;
N = F/l1 = 5, 7.5, 10, 20 N/mm, l1 = 100 mm –
bushing length, l2 = 500 mm – base length; ε =
0.05, 0.075, 0.1 mm (clearance fit H9/d9); D2 =
40, 50 mm; f = 0.09 – boundary friction; h1 = 0.5
mm. The view of the guide is shown in Fig. 1b.
Materials of tribosystem elements:
– slider bushing: polymer composites Moglice
and DK6; Moglice – ЕМ = 11200 МPа, μМ = 0.4, Rm
= 120 МPа, DK6 – ЕDК = 6500 МPа, μDK= 0.4, Rm =
140 МПа; B1= 1.2·1011, m1 = 1.9, τ01= 0.05 МPа –
their wear resistance characteristics;

а)

– base: carbon steel S45 - Е2 = 210000 МPа, μ2 =
0.3; m2 = 2.1, τ02 = 0.1 МПа, B2= 2.2·1012, m2 =
2.1, τ01= 0.1 МPа.
The anti-friction polymer epoxy material
DIAMANT Moglice (DIAMANT Metallplastic
GmbH) of cold hardening is used for sliding
friction units, and also for their renovation.
Fillers such as molybdenum disulfide, graphite,
and others are used in the DK6 polymer epoxy
composite.
The results of calculations of the maximum
contact pressures р(0) and their decrease
р(0,t,h) due to wear of the slider, angles 0 of the
initial contact and its change 0h during wear of
the slider, service life of the cylindrical guide are
given in Fig. 3 - 7. Solid lines show curves for D2
= 40 mm, and dashed lines – for D2 = 50 mm.
Figures (a) correspond to Moglіce composite,
and figures (b) - DK6.

b)

Fig. 3. Dependencies of the initial maximum contact
pressure р(0) on load N and radial clearances 

Figure 3 shows the initial maximum contact
pressure р(0) dependencies on load N at
different radial clearances  in the connection.
There are close to linear dependences of p(0) on
N at different radial clearances for both
investigated diameters.
The initial contact pressures are reduced when
the wear of the composite slider bushing h1*= 0.5
mm is achieved. Fig. 4 shows the quantitative
and qualitative nature of these changes.
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b)

b)

Fig. 4. Influence of bushing wear on change of initial
maximum contact pressures

As for the pressures p(0), the
pressures p(0,t,h) depend almost
load N. However, their change is
larger at lower values of the radial
in the joint.

Fig. 5. Dependence of α0 on N and ε

tribocontact
linearly on
significantly
clearances 

Figure 5 shows the dependence of the initial
contact angle 0 on the load and the radial
clearance. The qualitative nature of the
increase in 0 is similar to the increase in
pressure p(0) (Fig. 3), i.e. is almost linear.
However, here, when the base diameter D2
changes, the radial clearance ε at the same
load does not affect the value of 0, which is
regular according to equation (4). The bushing
wear leads to an increase in the initial contact
semiangle (Fig. 6).

а)

b)

а)

Fig. 6. Influence of the bushing wear on change of
initial contact semiangles
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When the bushing wears, the increase in load
leads to a linear increase in the angle α0h.
The influence of the load N and clearance ε on
the guide durability L1 until the bushing 1
reaches the allowable wear h1* = 0.5 mm is
shown in Fig. 7.
There is a pronounced nonlinear nature of the
decrease in L1 with increasing load N, especially
at low . Also durability significantly depends on
the diameter of the bushing, i.e. it increases with
diameter increasing. The results of the
calculations will be presented in the form of
tables 1 and 2 for materials Moglіce and DK6,
respectively.

Table 1. Guide resource L1(М) for a bushing made of
Moglice
N,
N/mm
5
7,5
10
20
ε, mm
Increase
N, times

Sliding distance L1, km
1 757
996
685
297
0,05

987
586
413
186
0,075

678
412
294
136
0,1

3 548
1 864
1 234
503
0,05

D2 = 40 mm

1 846
1 042
715
309
0,075

1 219
713
499
222
0,1

D2 = 50 mm

Decrease L1, times
4

5,92

5,30

4,99

7,06

5,98

5,49

Table 2. Guide resource L1(DK) for a bushing made of
DK6
N,
N/mm
5
7,5
10
20
ε, mm
Increase
N, times

Sliding distance L1, km
4 026
2 079
1 365
548
0,05

2 060
1 151
785
336
0,075

1 350
783
545
241
0,1

8918
4 320
2 656
969
0,05

D2 = 40 mm

4 275
2 190
1 433
573
0,075

2 624
1 429
963
404
0,1

D2 = 50 mm

Decrease L1, times
4

а)

7,34

6,14

5,61

9,20

7,46

6,50

If we compare tables 1 and 2 we can note that
the resource of the guide bushing made of DK6 is
2.51…1.77 times greater than the resource of the
guide bushing made of Moglice (Table 3).
Table 3. The impact of load on the relative reduction
of resources L1(DK)/L1(М)
CompoN,
Sliding distance L1, km
site
N/mm
DK6
5
4026 2060 1350 8918 4275
Moglice
5
1757 987
678 3548 1846
L1(DK)/ L1(М), times 2,29 2,09 1,99 2,51 2,32
DK6
7,5 2079 1151
Moglice
7,5
996 586
L1(DK)/ L1(М), times 2,09 1,96
DK6
10 1365
Moglice
10
685
L1(DK)/ L1(М), times 1,99

b)

Fig. 7. Dependence of L1 on N and ε
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DK6
20
548
Moglice
20
297
L1(DK)/ L1(М), times 1,85
Radial clearance
ε, mm
Diameter D2, mm

2,15

4320 2190
1864 1042

1429
713

1,90 2,32 2,10

2,00

785
413

545
294

2656 1433
1234 715

963
499

1,90

1,85 2,15 2,00

1,93

336
186

241
136

573
309

404
222

1,81

1,77 1,93 1,85

1,82

0,05 0,075
40

783
412

2624
1219

0,1

969
503

0,05 0,075
50

0,1
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6. CONCLUSION
According to the results of the analysis of the
calculations, the following quantitative regularities
of the effect of load, bushing diameter and radial
clearance in the guide on the contact parameters
and resource are established:
I. Maximum contact pressures p(0), p(0, t, h)
1. When the load increases 4 times, the initial
maximum contact pressures р(0) increase 4
= 2 times, and doubling the radial clearance 
leads to their growth by 2 times regardless of
changes in the load, the base diameter D2 and
the type of composite material (Fig. 3).
2. When the base diameter D2 increases by 1.25
times, the pressure p(0) decreases by the
same amount (Fig. 3).
3. As a result of the bushing wear, the initial
pressures p(0) are reduced by 3.43…3.49
times depending on the value of the radial
clearance . When the load increases fourfold
the pressures р(0,t,h) will also double, as will
the pressures p(0) (Fig. 4).
4. For a guide with a bushing made of Moglice
there are 1.3 times higher pressures p(0)
(  EM / EDK ) than for a bushing made of
DK6, which is due to the larger value of the
Young's modulus of Moglice.
ІІ. Contact semiangles 0 , 0h
1. With a load increase of 4 times, the angles 0
double, and the increase of the radial
clearance twice causes the angle 0 to
decrease 2 times for all load values (Fig. 5).
2. The bushing wear leads to an increase in the
angle 0h twice with increasing load four
times, and doubling the clearance - to a
decrease in the angle 0h in 1.73 times, which
is approximately equal to ЕМ /ЕDК (Fig. 6).
ІІІ. Sliding distance L1 (guide resource)
1. When the load is quadrupled, the sliding
distance is significantly reduced by 4.99…7.06
times (Moglіce) and 5.61…9.2 times (DK6)
depending on the radial clearance in the joint
and the base diameter (Fig. 7; Table 1; 2).

2. The resource of the guide bushing made of DK6
is 2.51…1.77 times greater than the resource of
the guide bushing made of Moglice (Table 3).
The possibility of effective research of both
hybrid (metal-polymer) and metal cylindrical
sliding guides is realized by using the developed
computational method.
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