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Performance Characteristics of Elastohydrodynamic Lubrication in Roller Bearing

with non-Newtonian Lubricant
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Abstract

This paper presents the performance characteristics of transient isothermal elastohydrodynamic
lubrication of roller bearing in line contact with Newtonian and non-Newtonian. The time dependent modified
Reynolds equation and elastic equation were formulated for compressible fluid. Newton-Raphson method and
multigrid method were implemented to obtain the film pressure profiles, film thickness profiles and traction
coefficient in the contact region at various loads and speeds. The simulation results show the minimum film
thickness at outer ring of roller bearing is slightly lower than the film thickness of inner ring. The non-Newtonian
fluids have thinner film thickness than Newtonian fluids. For an increase in the carrying load on roller bearing,
there is a reduction in the film thickness but film pressure and traction coefficient were increased. The increasing
shaft speed was increased the film thickness and traction coefficient and the maximum pressure is moved to the

center of contact region.

Keywords : Transient Elastohydrodynamic Lubrication, Line Contact, Multigrid, Modified Reynolds Equation,

Non-Newtonian fluid.
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Material Properties
Elastic modulus, GPa 200
density, kg/m3 7750
Poisson ratio 0.30
M3199 2 AauiAvesETaoaY

Lubricant properties PAO-10
Inlet density, (kg/mB) 835.0
Viscosity at low shear strain rate, Pa-s 0.05678
Viscosity at high shear strain rate, Pa-s 0.0254
Time Relaxation, s 1.89x10°
Flow index (n) 0.8
Viscosity-Pressure index 0.331
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1
b semi-width of Hertzian contact (m), b =R, (8W '/ 7r)E

E, Young Modulus of Plate (Pa)

E, Young Modulus of cylinder (Pa)

E' Equivalent modulus of elasticity (Pa),
E'= 2/((1—022)/E2 +(1-v7)/E)

h  lubricant film thickness (m)

H  dimensionless film thickness, H = h/(bz/RX )

1" dimensionless second invariant of strain rate,
1= (Sx /H )2

N Flow index

p film pressure (Pa)

P, Hertzian’s contact pressure (Pa), P, =E'(W'/ 272’)%

P dimensionless pressure, P =p/P,

I, radii of roller and outer ring (m)

r, radii of roller and inner ring (m)

R, radii of curvature (m), /R, =1/r,+1/r,

S, slipratio, Sy =(u2—ul)/U

T, time period (s)

u, velocity of roller and outer ring (m/s)

u, velocity of roller and inner ring (m/s)

U average velocity (m/s), U= (u2 +U, )/2

w, applied load (N)

W' dimensionless load, W' =Ww'/E'R,

X  coordinate (m)

X dimensionless coordinates, X = X/ b

Z, viscosity-Pressure index

A time relaxation (s)

Py Inlet density, (kg/mS)

p  dimensionless density, (kg/m’)

M, Viscosity at low shear strain rate (Pa-s)

 Vviscosity at high shear strain rate (Pa-s)
vV Poison ratio
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