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a  b  s  t  r  a  c  t

The  motion  of a  uniform  circular  disk  of  non-zero  height  on a fixed  rough  inclined  plane  is  considered  on
the  assumption  that  the  disk  moves  without  losing  contact,  resting  on  the  plane  with  its own  base.  The
friction  forces  and  moment  are  calculated  using  a model  of  the  contact  stress  distribution,  including  three
independent  parameters.  During  the  translational  motion  of  the  disk,  the  normal  pressure  distribution
corresponds  to  the  normal  stress  distribution  on  the base  of a punch  with  a flat base  and,  for  zero  height
of  the  disk,  agrees  with  Galin’s  law.  A qualitative  analysis  of the  dynamics  of  the  disk  in  the  case  when
the  slope  of  the  plane  is  less  than  the Coulomb  friction  coefficient  is  given.

© 2016  Elsevier  Ltd. All  rights  reserved.

As previously,1 in the problem considered here the normal pressure distribution on the base of the disk depends on three independent
parameters, and the results obtained for a punch with a flat base2,3 are taken into account. The problem of the motion of a flat disk on a
horizontal plane with a uniform normal pressure distribution was  considered in Ref. 4. The motion of a disk of non-zero height along an
inclined plane was investigated in Ref. 5 in the dynamically consistent model of friction. The contract stress distribution assumed in this
paper for a zero height of the disk is not, as previously in Ref. 5, uniform, but agrees with the Galin distribution.3

1. Statement of the problem

We  will consider the continuous plane-parallel motion of a uniform disk of mass m, radius a and height 2 h on a fixed rough inclined
plane, on which the base of the disk rests. The velocity of the mass centre u is parallel to the inclined plane, while the angular velocity �
is perpendicular to this plane.

Using the fundamental theorems of mechanics, we can write the equations of motion of the disk on the inclined plane in the form

(1.1)

Here g is the gravitational acceleration, N is the normal reaction of the inclined plane, F is the resultant friction force, acting on the disk,
and M and MN are the moments of the friction and normal reaction forces, calculated with respect to the centre of mass of the disk.

We will introduce a right orthonormalized frame of reference Ce1e2e3, such that C is the centre of the base of the disk, the unit vector
e1 is directed along the velocity u = ue1(u ≥ 0) of the point C, the unit vector e2 is orthogonal to the velocity u and, like the unit vector e1,
lies in the inclined plane, while the unit vector e3 is directed along the normal to the plane of motion. Then � = �e3.

The position of an arbitrary point A of the base of the disk is defined by the angle � ∈ [0, 2�] between the vectors e1 and CA and the
distance r = CA.

The forces N and F, and also the moments M and MN are calculated from the formulae
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The integration is carried out over the base of the disk, n(A) is the normal pressure density at the point A, k > 0 is the coefficient of sliding
friction, and �(A) is the velocity of the point A, which can be calculated from Euler’s formula

2. Model of the normal pressure distribution

To calculate the forces and moments of the friction, it is necessary to determine the normal pressure density n(A). We  will assume that

For translational motion of the disk, this distribution has the same form as the normal pressure distribution over the base of a plane punch,
indented into an elastic half-plane.2 As previously,1 the coefficients �0, �1 and �2 are determined at each instant from the relations which
ensure continuous motion of the disk:

(2.1)

It follows from the first relation of (2.1) that �0 = (2�a)−1mgcos�,  while the coefficients �1 and �2 are found as the solution of the system
of two linear equations

(2.2)

where

Note that a11 < 0, a22 < 0. Consequently, � = a11a22 − a12a21 > 0, and so system (2.2) has the unique solution

Henceforth it will be more convenient to use the following notation:

It should be noted that

Since n(A) is the normal pressure density at the point A of the contact point, for all points of the base of the disk the inequality n(A) ≥ 0
must be satisfied.



Download English Version:

https://daneshyari.com/en/article/791104

Download Persian Version:

https://daneshyari.com/article/791104

Daneshyari.com

https://daneshyari.com/en/article/791104
https://daneshyari.com/article/791104
https://daneshyari.com

