CHAPTER V.
ELEMENTARY COMBINATIONS.

DirECTIONAL RELATION CONSTANT.

CrLass A.
VELocITY RATIO CONSTANT.

Diviston D. COMMUNICATION OF MOTION BY LINK-
WORK.

195. WauEN two arms revolving in the same plane are
?Oﬂnected by a link (Art. 32), their angular velocities are
Inversely as the segments into which the link divides the
line of centers. This relation is constantly changing, as the
s revolve, unless the point of intersection 7' (fig. 6), be
thrown to an infinite distance, by making PQ parallel to 4B,
In a]) positions, which can only be effected by making the
arms equal, and the link equal in length to the distance
between the centers. In this case the angular velocities will
become equal, and their ratio consequently constant.

196. This produces the arrangement of fig. 109. D, B
are centers of motion, Bd = Df the arms, df 109
(= BD) the link. If Bd be carried round i
the circle, BdfD will always be a parallelo-
8ram, and consequently the angular distances
of Bd and Df from the line of centers the
%ame, and their angular velocity the same.

But in any given position of one of the
f‘l‘ms Bd, there are two possible correspond-
0g positions of the arm Df, for with center
d, and radius df, describe an arc which will
“E‘cessarily cut the circular path of f round
D in two points f and 4; therefore 4D is also
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a position of the arm cnrrespnnding' to Bd, in which the link
~ d A intersects the line of centers in a point C; and if Bd be
moved, the point C will shift its place, and consequently the
angular velocity of 4D will not preserve a constant ratio to
that of Bd.

It appears, then, that this system is capable of two ar-
rangements, one in which the angular velocity ratio is con-
stant, and the other in which it is variable, according as the
link is placed parallel to the line of centers, or across it.

But if the motion of this system in either state be follow-
ed round the circle, it will be found that when the extremity
d of the arm Bd comes to the line of centers, either above
or below, at @ or s, the extremity of the other arm will also
coincide with that line, since the link is equal to BD, and
therefore to ap or s¢&. In these two phases (Art. 17) of
its motion the two positions fd, 4d of the link coincide,
and at starting from either of these phases, the link has the
choice of the two positions. If, for example, the arms be at
Ba and Dp, then as @ moves towards d, p may either move
towards f, in which case the link will remain parallel to BD,
until the semicircle is completed, or else p may move towards
A, and then the link will lie across B, until the semicircle
is completed by d coming to s, when a new choice is Pﬂﬁéi-
ble. But in any given position of Bd intermediate between
Ba and Bs, it is impossible to shift the link from one posi-
tion to the other without bending it.

The two phases in which the arms coincide with the line
of centers, are termed the dead points of the system.

197. When this contrivance is employed to communi-
cate a constant velocity ratio, some provision must be
made to prevent the link from shifting out of the parallel
position into the cross position, when the arms reach the
~ dead points.

Wi nm
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. There are three ways of passing the link parallel to
self across the line of centers. First, by intro- 110
d“(’ing a third arm, as at ¢, of the same length as ,
the others, with its center placed on the line of
“enters, and its extremity jointed to the link, so as

to divide the latter in the same proportion as the line 4
of centers is divided by the center of the new arm. {ICG
This new arm may be placed either between or be-
Yond the others, and plainly renders any position of
the link, except that of parallelism to the line of cen- —~3
ters, impossible. It is not even necessary that the BU
Centers of the three equal arms shall lie in one line, for if
the three joint-holes, a, b, ¢, of the link, be the points of an
®qual and similarly placed triangle to that formed by the
three centers of motion, the arms will all revolve alike.

o

198. The second way requires only two axes of motion,
but has two sets of arms.

4a, Bb, fig. 111, are the two parallel axes. At one end
~ ®feach are fixed the equal arms 4P, BQ,
Connected as before by a link PQ=A4B;
at the other end of each are fixed armsa P
59, also connected by a link, pq = ab.

P 111

Now since the separate effect of
fach of these systems is to produce
“Qual rotation in the axes, it is plain
that the action of the second will con-
*Pire with that of the first to produce
this effect, whatever be the angle which
4P makes with ap. Let ap then be set
at l'ight angles, or nearly so, to 4P;
erefore when either system arrives at
the deag points, the other will be half way between them,

and by communicating at that moment the equal rotation to
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the axes, will thus carry the link of the former system over
the dead points, without allowing it the choice of the second
set of positions ; which second set of positions is besides ren-
dered geometrically impossible by this combination of the
two sets of arms.

199. The form of the piece to which the joint-pin is
fixed is indifferent; thus (fig. 111) the pin P is carried by an
arm AP, and the pin p by a disk; but the motion produced
by each is precisely the same; the effective length of the
arm being in every case measured in the plane of rotation
in a right line from the center of the pin to the center of
motion of the piece which carries it, whatever be the form
given to the latter.

However, if either axis be carried across the plane of
motion of the link, the latter will strike against it, and thus
prevent the completion of a single revolution. If the axes
be required to revolve continually in the same direction,
either the piece which carries the pin must be fixed to the
extremity of the axis, as in fig. 111, or else the axis must be
bent into a loop or crank, as it is termed, as in fig. 112, by
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which the axis is also removed from the plane of rﬂtifti‘;"
of the link ; but the axis may thus be extended indefinitely

on either side.
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200. The third method of passing the links over the
dead points consists, like the latter, in employing two or more
sets of arms and links, so disposed as that only one set shall
be passing the dead point at the same moment. But in this
method, fig. 118, the axes 4a, Bb are parallel but not oppo-
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site, and a disk of any convenient form, as C, D, being at-
~tached to the free end of each, pins are fixed in the faces
of the disks at equal distances from the centers of motion,
and at equal angular distances from each other respectively,
and links each equal to the distance of the centers are jointed
to them 1in order, as shewn in the figure.

The planes of rotation of these disks are removed from
each other by a distance sufficient to throw the connecting
links into a slightly oblique position, which enables them
each to clear the others, during the rotation, by passing
alternately above and below them.

The number of the links is indifferent. Two are suffi-

cient, as in the former case, and the radii of their pins must
~ be nearly at right angles; but if three or more be employed,
the pins may be at equal angular distances round the circle;
and it is hardly necessary to add, that in determining the
length of the links allowance must be made for the oblique
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position into which they are thrown by the nature of the
contrivance*.

201. It appears (Art. 195), that by Link-work, rota.
tion in a constant velocity ratio can only be communicated
between two axes when they are parallel, move in the same
direction, and revolve in equal times. If, however, only a
motion through a small angle is required, it may be commu-
nicated with an approximately constant velocity ratio, what-
ever be the magnitude of that ratio, the relative position of
the axes, or the directional relation.

For if the axes be parallel, it is shewn in Art. 133, that
if a pair of arms 4P, BQ, fig. 114, be connected by a link
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PQ, and placed in such a position that the intersection T
of the link and line of centers shall coincide with the per-
pendicular K'7" upon the link from the intersection of the
arms produced, then will the angular velocity be momer”
tarily constant, and will be sufficiently near to constancys if

* By T. Behm, of Bavaria, communicated to Soc. Arts. vol. T.. - 3.






