THE KINEMATICS OF MACHINERY.

MosTt of the models used to illustrate
this and the following lecture belong to
the Kinematic Collection of the Gew-
erbe-Akademie in Berlin, and have been
designed by Professor Reuleaux, who is
the Director of the Academy and a Pro-
fessor in it. The rest were sent to the
Loan Collection by Messrs. Hoff and
Voigt of Berlin, and Messrs. Bock and
Handrick of Dresden. In essentials
there is no difference between the Berlin
and the Dresden models. Both have
been designed specially for use in instrue-
tion in the Kinematics of machinery.

I must first try to explain briefly,
but exactly, what I mean by the phrase
“Kinematics of machinery.” Professor
Reuleaux, whose models are before us,
defines a machine as “a combination of
resistant bodies so arranged that by their
means the mechanical forces of nature
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can be compelled to do work accompa-
nied by certain determinate motions.”
The complete course of machine instruc-
tion followed in some of the Continental
technical schools covers something like
the following ground:

First, there is the perfectly general
study of machinery, technologically and
teleologically. Then there comes what
we may call the study of prime movers,
which in terms of our definition would
be the study of the arrangements by
means of which the natural forces can
be best compelled to do the required work.
Then comes the study of what may be
called ¢ direct actors,” or the direct-act-
ing parts of machinery; in the terms of
our definition, the arrangement of the
parts of a machine in such away as best
to obtain the required result. Next comes
what we call machine design ; the giving
to the bodies forming the machine the
- requisite quality of resistance. Machine
design is based principally on a study of
the strength of materials.

One clause of the definition still re-
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mains untouched. The machine, we
said, does work accompanied by certain
determinate motions. Corresponding to
this we have in machine instruction the
8tudy of those arrangements in the ma-
chine by which the mutual motions of its
barts, considered as changes of position
only, are determined. The limitation
here must be remembered; motion is
considered only as a change of position,
not taking into account either force
or velocity. This 18 what Professor
Willis long ago called the “science of
pure mechanism,” what Rankine has
called the ‘“geometry of machinery,”
what Reuleaux calls ‘“kinematics,” and
what I mean now by the “kinematics of
machinery.”

Ths results of many years’ work of
Reuleaux in connection with this subject
are embodied in his book Die Theoret-
tsche Kinematik, which I recently had
the pleasure of translating, and I shall
endeavor to give you an outline of his
treatment of the subject. It cannot be
more than an outline, as you will readily
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understand. The subject is a very large
one, and I have had to choose between
taking up many branches of it and merely
mentioning each, and confining myself
to a few points, and going more into de-
tail about them. I have chosen the lat-
ter plan, believing that the former would
be of little benefit to anybody. It will
be easy for those who are sufficiently in-
terested in the matter to follow it up,
and to study those parts which I omit,
by the aid of the book I have just men-
tioned. My lecture to-day will be prin-
cipally theoretical, and to-morrow I shall
go more 1nto practical applications. So
far as possible, as I have Professor Reu-
leaux’s models before me, I shall endeav-
or to follow his own order in treating the
subject.

I presume you are acquainted, to a
certain extent, with the ordinary method
of studymng ¢ pure mechanism;” the
method originated by Monge (1806), de-
veloped in Willis’ well-known Principles
of Mechanism (1841), and made popu-
lar, to a great extent, by Prof. Goodeve's
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capital little text book and others. Each
mechanism is studied for and by itself,
in general, by the aid of simple alge-
braic or trigonometric methods, and 1is
spoken of in reference to a certain “ con-
version’ of motion which occurs in it.
Thus, we have the conversion of circular
into reciprocating motion, the conver-
gion of reciprocating into circular, &e.,
and simple formule express certain rela-
tions between the motions of two or
more moving points. In this way we
know something important about a great
number of mechanisms, and arrive at
many results which are both useful and
interesting. Some things are still left
wanting, however; and these things may
be summed up in this way:

(1.) We notice at once that we have
taken the mechanism as a whole. We
do not arnalyze it in any way whatever,
and therefore,

(2) We have scarcely any knowledge
of its relations with other mechanisms,
or (what is quite as 1mportant) of the
various forms which one and the same
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mechanism may take. We shall see pre-
gently how extraordinarily various these
forms are. We have never a general
case with special cases derived from it;
each case is treated by itself as a special
one. Then

(3) The mechanism 1s studied in gen-
eral from a point of view which gives us
only the conditions of the motion of two
points in it, or two portions of it, and is
then left. The kinematic conditions of
the mechanism as a whole remain abso-
Iutely untouched.

In such a mechanism as that of an or-
dinary steam engine, for instance, we
study the relative motions of the guide
block and the crank, or, I ought, per-
haps, to say of the axes of the cross
head and of the crank pin. We thus
know the motions of two points in the
rod which connects those axes, the “con-
necting rod,” but we leave the motions
of its other points untouched. It may, of
course, be said that these others are of
much less practical importance. This is
true to some extent, although their practi- -
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cal importance is greater than might be
supposed at first. But in any case these
motions must certainly be studied if we
are to obtain a complete knowledge of
the mechanism to which they belong.
Any method of study, therefore, which
covers all the kinematic conditions of the
mechanism, instead of the mechanical
conditions of two or three points only,
possesses in that respect very great ad
vantages. |

The treatment of mechanisms which I
shall sketch to you, is intended to rem-
edy some of the defects which I have
enumerated. Those of you who have
studied modern geometry, side by side
with the old methods, will recognize that
these defects are somewhat analogous to
those of Euclidean geometry. The at-
tempt to remedy theni proceeds in lines
similar to those of modern geometry,
and will eventually, I believe, when more
fully worked out, take the same position
mn its own subject.

Let us, then, look first at the analysis
of mechanisms. This is none the less
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important a matter that its results are
go very simple In many cases. A clear
understanding of those elementary mat-
ters is of great assistance in clearing up
difficulties which occur in the more ad-
vanced parts of the subject.

In a machine or a mechanism of any
kind the motion of every piece must be
absolutely determinate at every instant,
It will be remembered that we are at
present considering motion as change of
position only, notin reference to velocity.
The motion of change of position may
be determined by the direction and mag-
nitude of all the external forces which
act on the body; the motion is then said
to be free, but it is obviously impossible
to arrange such a condition of things in
a machine. The motions may, however,
be made absolutely determinate inde-
pendently of the direction and magni-
tude of external forces; and in order that
this may be the case, the moving bodies,
or the moving and fixed bodies as the
case may be, must be connected by suit-
able geometric forms. Motion, under
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these circumstances, is called constrained
motion.*

If I allow a prismatic block to slide
down the surface of an inclined plane its
motion will be free; it is determined by
the combination of external forces which
act upon the block. If the block be
pressed on one side as it slides, 1t at
once moves sideways, and can only be
kept in a straight path if directly the
pressure is exerted on the one side an
equal and opposite force (or a force
which has a resultant with the first in
the direction of motion) be caused to
act upon it on the other. If, on the
other hand, the block be made to shide
between accurately-fitting grooves (like
a guide block in a machine), inchined at
the same angle as the plane, and hike 1t
fixed, the block may be pressed sideways
or in any other direction, but no altera-
tion in its motion can take place; the
motion is * constrained,” it e¢an occur

* Essentially it does not differ from free motion ; the
difference really lies in the substitution of sfresses or
molecular forces, which are under our complcte con-
trol, for external forces.
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only in the one direction permitted by
the guiding grooves. In the one case
the external force has to be balanced by
another external force; in the other the
balancing force is molecular, <. ¢., i8 &
stress and not an external force, and
comes at once into play the instant the
disturbing force is exerted. The geo-
metric forms which are used in this way
to comstrain or render determinate the
motions in machines are very various, and
are chosen in reference to the particular
motion required. If every point in a
body be required to move in a circle
about some fixed axis, a portion of the
body is made in the form of a solid of
revolution about that axis, and this is
caused to ‘“work in” another similar
solid; the two forming the familiar pin
and eye. If all points of a body be re-
quired to move in parallel straight lines
we get, similarly for guiding forms, a pair
of prisms of arbitrary cross section; a
slot and block. If every point of a
body be required to move in a helix of
" the same pitch we use a pair of screws






