A THESIS ON

STRESS DISTRIWUTION
IN
CAMS AND OTHER DPROPILED PLATES

By
An M- H-ARDAE?

Hubmitted to the Indian Institute of Technology, Delhi
for the award of the Degrec of Doctor of Philosophy
in the Department of Applied Mechanice.

e 197 E e



CERTIFICATE

This 18 to certify that the thesis entitled,
tStress Distribution In Cams and Other Profiled Plates’
which 1s being submitted by Mr. A. M. Hardas to the
Indian Institute of Technology, Delhi for the award of
the Degree of Doctor of Philoeophy in Applied Mechanics,
ie a bonafilde research work carried out by him during
the last two years and ten monthe, under my guldance and
supervision. His thesis has reached the standard of
fulfilling the requirements of the regulations relating

to the degree.

The results contained in thie thesis h&vé not
been submitted in part or full, to any other university

or institution for the award of any degree or diploma.

Wit/

(R:K.MITTAL)

Asglgtant Professor,
Department of Applied Mechanics,
Indian Institute of Technology,
Hauz Khas, NEW DELHI- 110029.



1i

ACKNOWLEDGEMEDNT®S

I am mort grateful to Dr. R.K.Mittal, Assictant
Profeacor, Department of Applied Mechanics, Indian
Tnetitute of Technology, Delhi, for hies constant encourage-
ment and valuable guldance in the preparation of this
thesis. T owe specilal thanke to him for hie interest, help
and friendly disposition at every step during ny stay at
the Institute.

T have derived great inepiration in my work from
Dr. R. Karunes, Professor and Head of Appliled Mechanico
Department, I.I.T., Delhi. I am obliged to him for his
valuable advice on several occasions. I am also highly
indebted te Dr. Natarajan, Department of Applied Mechanics,
for his useful suggestione in the theoretical work.

I wish to evpress my gratitude to Dr. R.C.Malhotra,
who, as the Head of Applied Mechanice Department, was very
helpful to me by providing the necessary facilities.

Thanke are also due to Professor R. M. Advani,
Principal of M. R. Engineering College, Jaipur, for giving
me necessary help regarding leave etc., to enable me to
carry out the present work.

I wish to thank Mr. R. K. Agarwal, Research Sicholar
in the same department, for his helping me in using the
computer technique and Mr. J. Bhasarkar for helping in
computer operations. T am thankful to Mr. D. M. D. Mathur

who took personal interest in typing this thesis. J&wwﬁ.
B :
=T

Lo R

(As M. HARDAS)



iii

S UMMARY

The problem of the distribution of etresces
in cams and other profiled plates, when subjected to
static load or t» high speed rotation about an axis
perpendicular to the plane of the plate, has been con -
sldered in  this investigation. The solution of the
problem for a rotating circular elastic disc with or
without concentric circular hole is well known. In the
Last two decades, solutions have heen obtained for simply
conneoted plates with simple edge profiles, e.g., triangle,
square, ellipwe etc. In these problems the boundary eondi~
tions have been eimplified to facilitate analytical selu-
tiona. These solutions are still too ceamplex to be
direetly useful. The cams and other machine components,
in general, have intricate shapes because they are
designed on the basis of kinematic requirements. In
practice, since they are mounted on a ghaft, they cannot
be treated as oilmply connected. Moreover boundry condl-
tions are more complex thsn assumed in the reported

analytical solutions.

Therefore numerical and experimental technlques
have been used in this investigation on plates of arbi-
trary shape subjected to varlous boundary conditions.

As in other cases, we consider the problem in the domain
of linear elagticity. The numerical technigue used 1s
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the finlte element method.. We have used two dimensional
square and triangular elements and followed Pian'e hybrid
element spproach. 4 computer program has been developed
and tested on profiles for which analytical solutione are
available, e.g., a rotating circular disc. The mesh has
been refined near the centre in nrder to obtain more
detalled distribution of the stressee in that reglon.
Next we have considered the case of an elliptical plate
for which the analytical results were given by Mitchell
and warren (44), using Muskhelishvili's complex variables
technlgue. Again a computer program was developed to
golve some cases using the eguations gilven by Mitchell angd
warren. In all carce the finite element solutions agree
well with the analytical colutiones. Since the finite
element computer program ie for general profile and
boundary conditions, the numerical solutions for the
following cases heve been abtained and plotted in con-
venilent forms:

1 eccentric solid diso,

2. elliptical plate having a circular hole in the
centre,

3o eccentric disce mounted on a rigid and loose
shafte, "

4 tangent cam with a hole and a key-slot.
Similarly we have considered the stresees in the
cam due Yo rotational acceleration which is of great practi-
cal dmportance. This aspect of the problem has completely

ercaped the notice of the previous investigators in this



field. PFinally we have considered the problem of cam of
a common shape, e€.g., a tangent cam with a key-slot for
which the combined strese distribution duc to oblique
etatic load at Iits tip, uwniform rotation and acceleration

has been obtained.

The numerical solutions for stresces due to wniform
rotation have been esupplemented by experiemental investi-
gations. The 'Frogen Stress' onven and a rotation arrange-
ment were specially dieslgned and fabricated for this purpose.
Gince the type of constraints at the inner boundary influen-
cot groatly the distribution of streeses around the hole,
we have examined different constraints at the inner boundary

experimentally.

This analyels 1s Intended to be useful in the design
of cams and other rotating componente since it gives infor-
mation about the magnitude and location of maximum shear
or principal stresses. One can alco determine the maximum
aepecd beyond which, when rotated, the compenents are deformed
plastically. The information about the direction of princi-
pal strecees 1o needed for providing proper etiffners or

reinforcements whenever roequired.
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