CHAPTER III.

ON COMBINATIONS FOR PRODUCING
AGGREGATE PATHS.

432. I HAvVE already stated in the beginning of this
work (Art. 39), that pieces in a train may be required to
describe elliptical, epicycloidal, or sinuous lines, and that
such motions are produced by combining circular and recti-
linear motions by aggregation. The process being, in fact,
derived from the well-known geometrical principle by which
motion in any curve is resolved into two simultaneous
motions in co-ordinate lines or circles.

If the curve in which the piece or point is required to
move be referred to rectangular co-ordinates, let the piece
be mounted upon a slide attached to a second piece, and let
this second piece be again mounted upon a slide attached to
the frame of the machine at right angles to the first slide.
Then if we assume the direction of one slide for the axis of
abscisse, the direction of the other will be parallel to the
ordinates of the required curve. And if we communicate
simultaneously such motions to the two sliding pieces as
will cause them to describe spaces respectively equal to the
corresponding abscissee and ordinates, the point or piece
which is mounted upon the first slide will always be found
in the required curve.

This first slide, being itself carried by a transverse slide,
falls under the cases described in the first Chapter of this
Part, and the motion may be given to it by any contrivance
for maintaining the communication of motion between pieces
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the position of whose paths is variable, as, for example, by a
rack attached to the slide and driven by a long pinion.
For the purpose of communicating the velocities to the two

slides, any appropriate contrivance from the first part of the
work may be chosen.

433. If the curve in which the point is to move be
referred to polar co-ordinates, these may be as easily trans-
lated into mechanism, by mounting the point upon a slide
and causing this slide to revolve round a center, which will
be the pole. Then connecting these pieces by mechanism,
so that while the slide revolves round its pole the point shall
travel along the slide with the proper velocity, this point
will always be found in the given curve.

434. Fig. 223 is a very simple ar- 223
rangement, by which a short curve may be

described upon the above principles.

E is the center of motion of an arm
Ee which is connected by a link with the
describing point s; D is the center of

motion of a second arm Dd which is con-
nected by a link ds, with the same describing point s. If
now Ee be made to move through a small arc, it will com-
municate to s a motion round d which will be nearly verti-
cal, and if Dd be made to move through a small are, it will
communicate to s a motion round e, which will be nearly
horizontal ; and as the motion of the describing point s is
solely governed by its connexion with these two links, these
motions may be separately or simultaneously communicated to
it. 4 is an axis, upon which are fixed two cam-plates, the
lower of which, C, is in contact with a roller e at the end of
the arm Ee, and the upper, B, in contact with a roller m at the
end of an arm Dm, fixed at right angles to the arm Dd.
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When the axis 4 revolves the cams communicate simul-
taneously motions to the two arms, which motions are given
to the describing point, one in a direction nearly perpendi-
cular to the other, the point will thus describe a curve of
which the horizontal co-ordinates are determined by the
cam B, and the vertical by the cam C.

In practice the shape of the cams may be obtained by
trial : the machine must be previously constructed, and plain
disks of a sufficient diameter substituted for the cams, then
if the required path of s be traced upon paper, and it be
placed in succession upon a sufficient number of positions
upon this path, the cam-axis being also shifted, the cor-
responding positions of the rollers e and m may be marked
upon the disks, and the shape of the cams thus ascertained.

435. 1If the object of the machine be merely to trace
a few curves upon paper or other material, the principle of
relative motion* will enable us to dispense with the difficul-
ties that are introduced by the necessity of maintaining mo-
tion with a piece whose path itself travels. For since every
complex path is resolvable into two simple paths, let the
describing point move in one component path, and the sur-
face upon which it traces the curve move in the other com-
ponent path with the proper relative velocity, then will the
curve be described by the relative motion of the point and
surface.

Thus to describe polar curves, the surface upon which
the curve is to be described may be made to revolve while
the describing point travels with the proper velocity along a
fixed slide, in a path the direction of which passes through
the axis of motion of the surface. And as in this arrange-
ment the axis of motion of the surface and the path of the
describing point are both fixed in position, the simultancous

* Alrcady employed in Arts, 256, 404, 405,
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motions may be communicated to them by any of the con-
trivances in our first Part, without having recourse to the

principle of Aggregate Motion. And thus, in general, a
firmer and simpler machine will be obtained.

Also the tracing of curves upon a surface is sometimes
accomplished under the Aggregate principle by causing the
surface to move with the double motion, while the describ-
ing point is at rest*.

436. Screw-cutting and boring machines are reducible
to this head. For the cutting of a screw is in fact the
tracing of a spiral upon the surface of a cylinder, and the
‘motion of boring is also the tracing of a spiral upon the
surface of a hollow cylinder; the tool being in both cases
the describing point, and the plain cylinder the surface.
Now as the tracing of this spiral is resolvable into two
simultaneous motions, one of revolution with respect to the
axis of the cylinder, and the other of transition parallel to
that axis, we have in the construction of machines for boring
and screw cutting the choice of four arrangements.

(1) The cylinder may be fixed and the tool revolve and travel. This
is the case in all simple instruments for boring and tapping
screws, in machines for boring the cylinders of steam engines,
and in engineers’ boring machines.

(2) The tool may be fixed and the cylinder revolve and travel.
Screws are cut upon this principle, in small lathes with a tra-
versing mandrel, as it is called.

(3) The tool may revolve and the cylinder travel. The boring of
the cylinders of pumps is often effected upon this principle.

(4) The cylinder may revolve and the tool travel. Guns are thus
bored, and engineers’ screws cut in the lathe.

437. But motion in curves may be often more simply
obtained by means of some geometrical property that may

* The motion which must be communicated to a plane to enable it to receive ;

. . IR (TR s . . _
a given curve from a fixed describing point, is nﬂt,.,ﬂle same as that which would

cause a point, carried by the moving plane, to trace the same curve upon a fixed
plane. Vide Clairaut, Mem. de ’Acad. des Sciences, 1740.
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admit of being employed in mechanism, as the ellipse is
described by the trammel fig. 224. This consists of a fixed
cross abed, in which are formed two straight grooves meet-
ing in C, and perpendicular to each other; a bar PGH
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has pins attached to it at G and H, which fit and slide in
these grooves, and a describing point is fixed at P. When

the bar moves it receives simultaneously the rectilinear mo-
tion of the pin H in the groove ab, and that of the pin G
in the groove ¢d, by which the describing point P traces a
curve M PB, which can be shewn as follows to be the ellipse.

When HP coincides with ¢b, G comes to C, and there-
fore GP = BC, and when HP coincides with Cd, H comes
to C and therefore HP = CM.

With center C and radius CQ equal to HP, describe
a semicircle 4FM, and through P draw QPN perpendicular
to cd prnduced, join CQ, then QP is parallel to CH, also
HP = CM = CQ, .. CHPQ is a parallelogram.

. CQ QN
"GP PN’
But CQ = CF and GP = BC,
QN CF
"* PN  BC’

and the curve is an ellipse.

438. Thus also epicycloids or hypocycloids are described
mechanically in Suardi’s pen*, by fixing the describing point

* Adams’ Geometrical and Graphical Essays.
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at the end of a proper arm upon the extreme axis B, fig. 211,
of an epicyclic train in the manner already explained in the
first Chapter (Art. 886.) And in this instance we may also
avail ourselves of the principles of Art. 435, and describe these
curves by causing the plane and the arm which carries the
describing point to revolve simultaneously with the proper
angular velocity ratio, round parallel axes fixed in position.

439. But the most extensively useful contrivance of
this class is that which is termed a parallel motion, by
which a point is made to describe a right line by the joint
action of two circular motions, and as this is a contrivance
of great practical importance, it 1s necessary to examine it in

detail.

ON PARALLEL MOTIONS.

440. A parallel motion is a term somewhat aukwardly
applied to a combination of jointed rods, the purpose of
which is to cause a point to describe a straight line by
communicating to it simultaneously two or more motions in
- circular ares, the deviations of these motions from rectili-

- nearity being made as nearly as possible to counteract each
other.

The rectilinear motion so produced is not strictly
accurate, but by properly proportioning the parts of the
contrivance, the errors are rendered so slight that they may
be neglected.

441. Let da, Bb, fig. 225, be rods capable of moving
round fixed centers 4 and B, and let them be connected by a
third rod or link eb jointed to the extremities of the first
rods respectively, as in Art. 326. The rods 4a, Bb are

termed radius rods. This system may be moved in suc-

cession through a series of positions, the principal ones of






