ON THE WECHANICS OF STICK SLIP MOTION AND ITS ELIMINATION

Synopsis '

Thig work presents a mechanicg analysis and
experimental study of three problems associated with the
gtick alip motlon of silding bodiss.

In the flrat caas, the nonlinear variation of
friotion with the velooity of =liding is considered in
ostablishing a relatlionship between the steady state
friction and the critleal velocity for a stick glip sys-
tem. Justificationz are gilven for the *"small parameter®
agsunption made in the snalysis. Krylov-Bogoliubov
solutlon of the transformed equation of motion leads to
the conocept of coritical velocity as one for which the
system dagping Just exceeds the first differentisl co-
afficlent of Irlction with ruspect to the veloclty of
sliding. The analysis explains the background for some
well known methods of reducing or eliminating stick slip.

Bffects of force exoitation on a stick s1ip
ayastem, in the directlion of its motion are studled next.
Harmonic and superharmonic responges are cbtalned by the
method of harmonlc balance and their stablllty crilteria



outlined in terms of the associated Hill's equation, Sub-
harmonics ars studied by the stroboscoplc method and are
shown to be nonexistent excej;t for a gpecific case., The
stability conditi_ons give indications as to why stick glip
1s eliminated under only certain values of the amplitude
and frequency of the excliting force, including those cases
for which a linear theory would have predicted the persis-
tence of stick slip. | |

Iastly, an attempt is mads to. explain the elimi-
nation of gtick slip by transverse vibration of the stick-
#lipping member, A fundamental study of the fristion
behaviour under these conditions, congldering an idealiged
geometry for the surface micro-irregularities and an assu~
med squeeze action on the lubricant resulting from the
vibration, fails %o give any clue %o the possible mechanigm.
The analysis however points to the nonlinear time-varying
character of friction which is next incorporated in, and
by way of an extension to, an existing20+21 analysis. |
Frictlon-velocity curves as predicted now by this analysis
are more likely to be obiained in practice than those
given by the earlier authors®0s2l, mHowever, like in the
original works20r2! the analysis explains only the reduc-
tion in gtick slip with traverse vibration,

An experimental gtudy of the above problems ls
made on an actusl stick slip model. Records of stick glip



vik

traces are taken by an oscilloscope camera foxr four differ-
ent Jlubrication conditlions and two freguencies of trans-
verge excitation. Stick glip amplitude versus frequency

of excitation readings are taken for both transverse and
longitudinal excitation. Oritical welocity results matoch
well with the theary. Tranaverse vibration experiments
gonfirm the shallowing down of the frictlon~veloclity curve,
but, by showing the disappearance of stick slip under only
cartain waluas of the fraequency and amplitude of the excl-
ting force, exposes the liminations of ths analysis. Lon~
gitudinal excitatlion brings about slimlnatlon of stiak slip,
in thess experiments, under three discrete frequency ranges
for ths seme force. This fact alone, not explicable by a
linear theory, is taken as a gualitative support for the
conmidaration of nonlinearities given in the anelysis,

The thesis ends with an indication of the scope
for improvament and extension on ths present work,



