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Absitract

Journal bearings which are dvnamically louded operate nor onlv in internal combustion engines but
also in. e, needle punching machines applied in textile machinery. Both applications are characterized by
heavy dvnamic load. Performances of bearing can be changed by variations of bearing bores. One of these
variations is the recess of the depth of micrometers which is placed ar assumed position on the bearing
peripheral. An effect of this recess on the bearing performances is investigated by calculation of journal centre
tretfectory.

The numerical, coupled solution of geometry, Reynolds, energy and viscosity equations has allowed the
determination of oil film resultant force and the journal centre trajectory of bearing with the recess. For saving
the rime of computation the isethermal oil film in the finite length bearing was assumed.

1. Introduction

There are different branches of industry which apply dynamically loaded journal
bearings. Heavy loaded by dynamic forces are the journal bearings of internal combustion
engines [1-3] or the bearings of needle punching machines [1,4]. Both, engines and needle
punching machines are more and more sophisticated with high parameters of operation as
revolutions and loads. They are equipped in the systems of continuous monitoring of engines
operating parameters or technological parameters of stitching and sensitive nodes of
mechanisms of needle punching machine.

Needle punching machines have the driving system of stitching bench driven by crank-
crosshead mechanism with the eccentric drive operating in dynamically loaded cylindrical
journal bearings [1.,4]. The demands for an increased efficiency require the application of
new types of high speed, dynamically loaded bearings.

The recess of the depth of micrometers which is placed on the bearing peripheral can
affect the journal centre trajectory. The wear of bearing generates the recess in determined
part of bearing too.

The paper introduces the journal centre trajectories of bearings with and without the
recess. [sothermal solution of Reynolds equation for obtaining the oil film resultant force and
journal centre trajectory was applied. In calculation the different depth and orientation of
recess on the bearing peripheral were assumed too.
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2. The bearing loads

Two types of load, one characteristic for the internal combustion engine bearings [5]
and another one of needle punching machine [4] have been considered. On the main bearings
of needle punching machine acts the resultant inertia force of masses being in rotational
movement and masses in the plane-back motion. The value of this resultant according to
[ 1.4] is determined by following relation:

W= I?Illr'(t)z-\/ﬂz +(1-20)cos’ 9 +2(1- f)Acospcos2p+ A’ c«t{)s2 20 (1)

where: nr, - mass in plane-back motion, r - crank radius, ® - angular velocity of shaft, § -
balance coefficient of masses in the plane-back motion, @ - angle of shaft rotation, A =r/1,1
- length of  connecting rod.

Formula (1) gives the total inertia force of the first and second order. The direction of non-
balanced inertia force is determined from the relation (2):

tgB=(—f sing)/[(1- ) -cosg+A-cos2p] (2)

Vector of force W rotates with variable angular velocity in the direction opposite to the
velocity @ of driving shaft. Fig. 1 introduces the run of resultant force of inertia W
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Fig. . The run of dvnamic loads of needle punching machine main bearing (Ist case of load)
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Fig. 2. The run of dvnamic loads of engine main bearing and minimum oil film thickness H,;,

235



3. Journal centre trajectory

The knowledge of journal centre trajectory allows determination of minimum oil film
thickness. maximum value of pressure and temperature distributions, i.e. the magnitudes
deciding about correct design of journal bearing [1-6]. Bearing clearance, radius of operating
surfaces of bush and they displacement with regard to the circle inscribed in the bearing
profile as well as the length of bearing are the magnitudes which can be establish on the
base of journal centre trajectory.

As result of numerical analysis of dynamically loaded cylindrical journal bearing the
otl film pressure distribution, oil film resuttant force and journal centre trajectory has been
received. The character and value of these loads determines equation (1) and Fig. 1. The
classic. cylindrical journal bearing with the geometry of lubrication gap given by equation (3)
has been assumed for consideration:

H(p.2)=H,+ H(p) (3)

The first part of equation (3) determines the oil film thickness for the cylindrical bearing and
has the following meaning:
H.=1-¢-cos(p—a) (4)

where: g- relative eccentricity, ¢ - peripheral co-ordinate, o - attitude angle.

Equation (5) determines the oil film thickness in concentric position of the journal and
bearing bush axis [2,3].

Hig)=y; + @y, —1)-cos(p-y) (5)
where: v - angle of lobe centre, ¥;-the lobe relative clearance,

The journal centre trajectory in the considered journal bearing was determined by
numerical solution of Reynolds, energy, viscosity and geometry of oil film equations. The
method applied for the solution of: Reynolds, energy, viscosity equations and for
determining the journal centre trajectory [1,5] is characterised by the assumptions necessary
for describing the phenomena of lubrication and the dynamic of tribological system: journal-
lubricant-bearing bush, 1.e. adding of pressures at the calculation of the components of
hydrodynamic resultant force, and the assumption of non deformable journal and bush.

The method assumes too:
- conditions of heat exchange - isothermal or adiabatic model - with the temperature

determined from heat balance,
- boundary conditions of oil film - the zones of negative pressures are neglected.

Reynolds equations applied in calculation of journal centre trajectory has the form:

= 6(§H —2écos{@g—a)+e-(1-2adysin{p—a)) (6)
@ _

o (H'9p), 2(HIp

g\ 7 d¢ ) 97\ 7T 97
where: D - bearing diameter, L - bearing length, H - dimensionless oil film thickness, H —
dimensionless oil film thickness, p - dimensionless oil film pressure, Z - dimensionless
axial co-ordinate, 77 - dimensionless viscosity of lubricant,. &,¢ - derivatives of eccentricity
and attitude angle with regard to dimensionless time ¢ = w .
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The pressure fields computed from equation (6) allows receiving the resultant force F of
bearing. Equating the oil film force F to the applied load W yields at any instant [1,5],

= L
W = F(—¢&aéa 5
(D ) (3}

Developed program of calculation with the energy and viscosity equations has allowed
the calculation of eccentricity, attitude angle, i.e. the journal centre trajectory in the function
of rotation angle of driving shaft. The Runge-Kutta method has been applied for journal
centre trajectory calculation [1,5].

4. Results of calculation

The calculation journal centre trajectory have been carried out for the cylindrical and 2-
lobe cylindrical journal bearings of diameter D = 85 mm; length L. = 69 mm (length to
diameter ratio L/D = 0,812; journal speed n = 1500 rpm; relative clearance = 1,5 %e and
w= 1.8 %c[1,2]. In case of 2-lobe journal bearing, the assumed lobe relative clearance was
¥, = 0.0. The case of ¥ =0,0 means, that there is cylindrical 2-lobe bearing. The depth of
recess was 10pum and 20 pm and the angle of position 180", and 270" (Fig.3). Types of
considered journal bearings are given in Fig. 3; the 2-lobe bearing shown in Fig. 3b iy
characterised by symmetric lobe arrangement.

Fig. 3 Bearings considered in the paper: a — cxlindrical, b - 2 —pockets; hy — depth of recess

Maximum value of load in Ist case of load (Fig. 1) is W=15,4x10° N and in the IlIrd
case of load the maximum value is 47x10° N [4,5].

For the load (Ist case) shown in Fig. 1 the results of journal trajectory calculation are
shown in Fig. 4 and Fig. 5. On the assumption of similar run of load but with the maximum
value of order 47x10° N, the results are given in Fig. 6 through Fig. 13 for different bearing
parameters. For the Ist case of load (Fig. 1) and at different depth of recess the journal
trajectories are given in Fig. 4 (at the depth of recess equal 10 um the maximum value of
eccentricity is € = 0,59794) and Fig. 5 ( depth of recess equal 20pm - maximum value of
eccentricity is € = 0,59567). The analysis of the runs on Fig. 4 and Fig. 5 shows, that the
recess has an effect on the journal centre trajectory.
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20pm

Fig. 4. Jowrnal centre trajectory of evlindrical Fig. 5. Journal centre trajectory cvlindrical
Jonrnal bearing, Ist case of load Journal bearing st case of load

On the assumption of load case No. III, bearing relative clearance ¥ = 1,5 ®/oo and
different depth of recess positioned at the angle 270°, the journal centre trajectories can be
observed in Fig.6 and Fig. 7. An increase in the depth of recess causes the increase in the
maximum value of eccentricity on the trajectory, e.g. at the recess depth equal 10 um there is
and increase in eccentricity from & = 0,79213 (Fig.6) to the value of € = (,79466 at recess
depth of 20um (Fig.7). The run has very similar profile for both assumed depth of recess and
the maximum value of eccentricity is placed at the peripheral coordinate equal 180°.

The journal centre trajectories which were obtained at the relative clearance of bearing
w=1.8 "foo and at the recess position angle 180° and 270" are introduced in Fig. § through
Fig. I'l. The value of maximum eccentricity € of journal centre trajectory is smaller than in
case of bearing relative clearance y =1.5 %foo (Fig. 6 and Fig. 10). At assumed depth of
recess there 1s the decrease in the maximum eccentricity on the journal centre trajectory at
the increase in the angle of recess position (in Fig. 8 the maximum value is € = 0,67565
while in Fig. 10 the maximum value of eccentricity is € = 0,66268. The same is in case of
larger depth of recess (Fig. 9 and Fig. [1). The run of all trajectories at the relative clearance
w =18 “foo has similar profile for all considered values of recess depth and the recess
position on the bearing peripheral.
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Fig. 6. Journal centre trajectory of cylindrical Fig. 7. Journal centre trajectory cylindrical
Journal bearing Journal bearing

Fig. 8. Jonrnal centre trajectory of cylindrical Fig. 9. Journal centre trajectory cylindrical
Journal bearing, Journal bearing

Fig. 12 and Fig. 13 show the journal centre trajectories obtained for the cylindrical
journal bearing at the dynamic load corresponding to the load of main bearing of internal
combustion engine (Fig.2) . Relative bearing clearance ¥ = 1,5 °/00 has been used and the
angle of recess position was 270°. The recess changes the shape of journal centre trajectory;
at the depth of recess equal 10 pm the maximum value of trajectory eccentricity is € =
0.53185 (placed at the peripheral coordinate ¢ = 230° - Fig. 12). An increase in the depth of
recess 10 20 um causes the increase in maximum value of eccentricity to € = 0,54959 and
moves the position of this value to the peripheral coordinate ¢ = 220° ( Fig. 13).
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Fig. 10. Journal centre trajectory of exvlindrical Fig. 11. Journal centre trujectory cylindrical
Jjournal bearing, Journal bearing

Fig. 12, Journal centre reajectory of evlindrical Fig. 13. Journal centre trajectory eviindrical
Journal bearing, (dvnamic load - Fig. 2) Journal bearing ( dynamic load - Fig.2)

[n case of 2-lobe journal bearing with cylindrical profile of lobes, the shapes of journal
centre trajectories, obtained at the IIrd case of load (Fig. 1), are shown in Fig. 14 and Fig.
15.The journal centre trajectories are larger than in case of cylindrical journal bearing and
they have the shape of deformed ellipse. This deformed shape is caused by the presence of
two oil grooves arranged at the peripheral coordinates @ = 0° and @ = 180°. At assumed
bearing relative clearance y and the angle of recess position equal 270°, an increase in the
depth of recess causes the decrease in the maximum value of eccentricity (Fig. 14 -€ =
0.72494 at the depth of recess equal 10 um and Fig. 15- € = 0,72007 at the depth of recess
equal 20 pm ). There is also an increase of the smaller axis of deformed ellipse, which can be
observed on the line between peripheral coordinates ¢ =12 0% and @ = 300° -¢.g. Fig. 14.
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Fig. 14, Jenrnal cemire trajectory of evlindrical Fig. 15. Journal centre trajectory cylindrical

2-pockets journal bearing, 2-pockets journal bearing

5. Conclusions

As result of the calculation of journal centre trajectories for different dynamic loads

and depth of recess, below given conclusions can be introduced.

1

(0]

The profile of journal centre trajectory for considered journal bearings is affected by the
recess in bearing bush.

The angular position of recess on the bearing peripheral and the bearing relative
clearance affects the journal centre trajectory.

Applied method of calculation and developed program allows the calculation and
analysis of cylindrical and multilobe journal bearings with the recess.
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