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SUMMARY

This thesis presents an experimental study of the friction and wear
behaviour of hydrostatic thrust bearings due to the solid contaminating
particles of ACFTD in the hydraulic oil. The thrust bearing apparatus
represents the basic geometry of the valve plate of an axial piston pumpo
The test rig simulates the operating conditions of a valve plate as the
most critical pump component under the contaminated conditions.

A preliminary study of the effects of contaminants was undertaken using
a Four-ball extreme pressure machine, Ferranti-Shirley viscometer,
Redwood viscometer, Ferranti viscometer, and surface tension apparatus.
The viscosity and friction was found to show an increase due to contamin-
ating particles when measured by the Ferranti-Shirley viscometer.

The experiments using the hydrostatic thrust bearing apparatus have
shown an increase in frictional torque and wear due to the increasing
amount of gravimetric concentration of ACFTD (contaminant) in hydraulic
0oil. The increase in wear particles has been supported by the particle
counting techniques.

A mechanism of contaminated wear has been proposed to represent the
stages of wear due to the increasing levels of contaminant concentration.
The mechanical polishing theory of surface interaction explains that at
lower concentrations, the surfaces are finely polished, lapped and ground.
When the onset of wear takes place, it goes on increasing due to the
abrasive action of particles. This produces a new surface every time a
contaminating particle interacts with the bearing surface. And, when
the tufftride layer of iron-nitride has been removed, severe wear takes
place as shown by heat spotting and the surface fatigue cracks due to

the stress concentration over the hills of the rough surfaces, leading
to slip in the grain boundaries of the underlying substrate.

The investigation demonstrates the relative importance of some design
and operating parameters for hydraulic systems as a whole and valve
plate of an axial piston pump in particlar., The conclusions arrived
at indicate what needs to be done in future.
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Symbol
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NOMENCLATURE

Definition
the surface contact area
endurance coefficient
constant
area of projected diameter
rad. of circular contact area
constant
length of a particle
breadth of a particle
specific heat
vol.concentration of particles
perimenter of actual areca of a particle
conc. of particles (mg/%)
vel. of particles
index of work hardening
spatial gradient of velocity
characteristic dimension of machine
Port diameter of thrust pad
outside diameter of thrust pad
diameter of abrasive particles
diameter of a particle
modulus of elasticity
modulus of elasticity of abraded material
total friction force
viscous drag force

contact friction force

frictional force due to lubricant



pc

H

Ha

Hy,

hlphz

il e

acceleration due to gravity

frictional force due to particle
contacting with surface

body force per unit mass

frictional coefficient

weight of abraded material

total angular velocity kinematicla field
wear contact

total head/stage

angular velocity

hardness of abrasive particle

hardness of abraded material

film thickness (separation of surfaces)
heat source for unit mass

shift in wear curve

amount of linear wear of top and bottom

components of pair

SElcont’,

dimensionless parameter [ =
T].w.kz

thermal conductivity

wear parameter

radius of gyration

impfellor shape

coefficient depending on nature of particles
constant

higher and lower wear resistance of materials
ratio (=Lo/R)

characteristic geometrical length



Lo

-111-

body forces vector

sliding distance

material characteristic length

first body moment per unit mass

bearing characteristic length

ratio of frictional surface area

speed (rpm)

shaft speed

number of particles

load applied to the contact

abrasive power

pressure on the projected area of the bearing
pressure

number of particles per unit area

quantity of heat supplied per second

flow rate

solid concentration in mixture

heat flux

flow parameter

outside radius of contact ring

outside radius of thrust pad

port radius of thrust pad

radius of surface curvature

rate of particle interaction

inside radius of contact ring

frictional coefficient ratio of dirty oil to clean oil
radius of a particle

volumetric concentration of abrasive particles

microstress average



Teg

Teont.

|=

STVE

stress tension

frictional torque

abrasive time

frictional torque for clean oil

frictional torque for contaminated oil
stress tensor

service life of a port (hrs)

time of interaction (s)

characteristic velocity of liquid
kinematical field

sliding speed

velocity vector

volume of o0il in bearing film

total volume of particles in bearing filﬁ
sliding velocity

volume of particles

velocity of abrasive stream relative to surface abraded
velocity vector

velocity vector

velocity vector operating

load

basic measure of microstructure deformation
coefficient of abrasive wear

wear rate

load parameter

distance between the shaft and the bearing
at a point of nearest approach

coefficient of abrasiveness of solid

elongation factor
bulkiness factor

surface factor



o - angle of cone in Ferranti-Shirley viscometer
B - central angle of groove
Oy B, YA H,T - material coefficients
A - the first stress moments
S - temp. rise over a contact area
Om - mean temp. rise
/] - ratio of wear resistance

- dimensional parameter according to particle
shape and properties
*yY - spatial gradient of the total

angular velocity field

Ym - mass density of abraded material
Yi-2 - wear rate of contact 1 and 2
Y15Yo - wear rates of components 1 and 2
P - mass density of materials

- radius vector

Pa - mass density of abrasive particle
PgsPn - density of a particle
W - angular velocity
it - couple stress tensor
% - vector operator
§ - sphericity of abraded surface
8,680 - the present and initial differences between

nominal and actual dimension of the port

n - absolute viscosity

n - vortex viscosity

N, - absolute viscosity of concentrated suspension

Ocont - surface roughness (cla) value after contaminated tests

Py - density of lubricating oil














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































