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CHAPTER 1V.

OF ELEMENTARY COMBINATIONS IN MECHANISM.

SEcTION T, — Definitions, General Principles, and Classification.

« 89, Elementary Combinations Defined. (4. M., 431,) — An
El&menta.ry Combination” in Mechanism (a term introduced by
T. Willis) consists of a pair of primary moving pieces, so con-

fected that one transmits motion to the other. In other words,

(to Quote the Article Mechanics (Applied), in the eighth edition

°f the Encyc. Brit.)—

C“An elementary combination in mechanism consists of two
Pleces whose kinds of motion are determined by their connection
With the frame, and their comparative motion by their connection
Vith each other; that connection being effected either by direct
®ontact of the pieces, or by a connecting” (secondary) ¢ piece”
Such ag g band, or a link, or a mass of fluid), “which is not con-
Jected with the frame, and whose motion depends entirely on the
mt:tmnﬂ of the pieces which it connects,”

. The piece whose motion is the cause is called the driver; the
“:‘3’3 whose motion is the effect, the follower.”

; "The connection of each of those two pieces with the frame is

EgEPEI‘al such as to determine the path of every moving point. In

d? Investigation, therefore, of the comparative motion of the
"Iver and follower, in an elementary combination, it is unneces-

fix %o consider relations of angular direction, which are already

in Ed, by the connection of each piece with the frame; so that the

1Wiry is confined to the determination of the velocity-ratio, and
bet ¢ directional-relation so far only as it expresses the connection
fuuwem Jorward and backward movements of the driver and

e ¥er. -When a continuous motion of the driver produces a
“Utinuous motion of the follower, forward or backward, and a

th Procating motion a motion reciprocating at the same instant,
® directional-relation is said to be constant. When a continuous

I'ez' 10N produces a reciprocating mﬂti{?u, or vtce 'z_;emri ; or when a

% ‘Procating motion produces a motion not reciprocating at the

IEE Instant, the directional-relation is said to be variable.”

’Ginn& Yine of Connection.—In every class of elementary combina-

8, ®Xcept those in which the connection is made by reduplication

0 . . .
f “0rds, or by an intervening fluid, there is at least one straight
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line called the line of connection of the driver and follower; being
a line traversing a pair of points in the driver and follower
respectively, which points are so connected that the component of
their velocity relatively to each other, resolved along the line of
connection, is null,

91. Comparative Motions of Connected Points and Pieces.—From
the definition of a line of connection it follows, that the components
of the velocities of a pair of connected points along their line of
connection are equal. And from this, and from the property of #
rigid body already stated in Article 54, page 32, it follows, that the
components, along a line of connection, of all the points traversed bY
that line, whether in the driver or in the follower, are equal.

The general principle which has just been stated serves to solve
every problem in which—the mode of connection of a pair of pieces
being given—it is required to find their comparative motion at 2
given instant, or vice versd.

The following are the rules for applying that principle to the
three classes of problems which most frequently occur with refer-
ence to elementary combinations :—

I. Pair of Points; or Pair of Sliding Pieces.—In fig. 57, let A B
be a line of connection; and let it be taken as the axis of projec
tion. Let A be a point in the drivel
and B a point in the follower, both 12
the line of connection. Let A @
A @' be the two projections of the

b
A ”"&, B"':"/’] direction of motion of A at a givel
instant; and let B ¥, B §" be the tW°

b’?

l

r

projections of the direction of motio?

of B at the same instant. Lay “.ﬂ"

Fig. 57. along the line of connection and i®

the same direction, the equal distance®

Aa=Bb; draw a’ a @, &' b & perpendicular to the line of c0%”
nection ; then A a’and A ¢, B & and B %" will be the projectwﬂs
m’ of a pair of lines propo™

tional respectively to the

d velocities of A and B ab

/ i that instant. The leng’ﬁh;

- i of those lines may be fﬂlmg

' B{ ""i# by the Rule of Article 1V
1 e 7. ,

Pa%I. Pair of Tur’ﬂ-ﬂ‘g

Pieces.—In fig. 58, let A ,
be the line of connectio? o
a pair of turning primnd

Fig. 58 pieces, Let A and B .
' the points where that lin

i —
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18 met by the common perpendiculars from the axes of rotation of

€ two pieces. (As to finding such common perpendiculars, see
Article 36, page 15.) Let A A’and B B’ be the rabatments of
tho“-’*_e two perpendiculars, drawn in opposite directions. Draw the
Straight line A’ B’ (called the line of centres), cutting the line of
Connection in I,

Then, because the component velocities of A and B along A B
are equal, the angular velocities (or the component angular
velocities) of the driver and follower about axes perpendicular to

B must be to each other in the inverse ratio of the perpendiculars

A’ and B B'; or, what is the same thing, in the inverse ratio of
, the segments I A' and I B' tnto which the line of centres is cut by

line of connection.

Hence the following construction:—In A B take A K =B 1
(rBK = A I); and through K draw an oblique straight line in
any convenient direction, so as to cut A’ A produced in ¢ and B'B
Produced in d; then the component angular velocities of the pieces
atfnut two axes, A ¢ and B d, perpendicular to the line of connection,
Will be to each other in the direct ratio of A ¢ to Bd. Also lay off,
10 opposite directions, the angles B A a and /B b, equal to the angles
Which the two axes of rotation respectively make with the line of
“Onnection, and draw ¢ @ and d b parallel to A B, cutting A @ and
Bbin g and 5 respectively. Then the ratio of A a to B b unll be
that of the resultant angular velocities of the two pieces.

Through A’ and B’ draw A’ ¢’ and B’ b’ parallel to A B; and
through ¢ and b draw @ e a’ and b f¥’ perpendicular to A B. Then
the proportion borne byca=Ae=A'a todb=Bf=DB"¥1s
that of the component angular velocities of the two pieces about
Xes parallel to the line of connection A B. Also A aand A’ @'
Tepresent the projections of the axis of rotation of the first piece
Upon g pair of planes which cut each other in A e, one perpendicular
and the other parallel to the common perpendicular whose rabat-
mﬁ:nt i8 A A’; and B b and B' ¥ represent the projections of the
4X18 of rotation of the second piece upon a pair of planes which cut
®ach other in B/, one perpendicular and the other parallel to the
“mmon perpendicular whose rabatment is B B’

L. Turning Piece and Sliding Piece—In fig. 58, let A L be

€ line of connection of a turning piece and a sliding piece,
8d let it be taken for the axis of projection; and let one
0? the planes of projection be parallel to the axis of the turning
Plece, Tet A @ and A o be the projections of that axis; so
that A A’ perpendicular to A L is the common perpendicular
of the axis and the line of connection. Take A @ to represent the
:'“g'ﬂar velocity of the turning piece, and from a draw a ¢ parallel

°® L A, cutting A’ A (produced if necessary) in c. Then A ¢ will
T®present the component angular velocity of the turning piece
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about an axis, A ¢, perpendicular to A L; and the product A A~ A.¢
*Zwill represent the component velocity of any point in A L along that
ine.

Let L be a point in the line of connection and in the sliding
piece; and let L m and L m’ be the projections of the direction of
motion of that piece. Lay off any convenient length, L /, to
represent the component velocity of the sliding piece along the line
of connection, and draw m I m’ perpendicular to that line; then L
and L m will represent the two projections of the welocity of the
sliding piece.

Another construction is as follows :—Having determined the angle
which the direction of motion of the sliding piece makes with the
line of connection A L, draw A’ I, making the angle A A’ I equal
to that angle; then the velocity of the sliding piece will be equal
to that of a point revolving at the end of the arm A’ 1, with the
angular velocity represented by A c. )

92. Adjustments of Speed.—The velocity-ratio of a driver and 18
follower is sometimes made capable of being changed at will, by
means of apparatus for varying the position of their line of con-
nection : as when a pair of rotating cones are embraced by a belt
which can be shifted so as to connect portions of their surfaces of
different diameters. Various such contrivances will be described
in a later chapter.

93. A Train of Mechanism consists of a series of moving pieces
each of which is follower to that which drives it, and driver to thab
which follows it. In the case of a train of elementary combinations
the comparative motion of the last follower and first driver is found
by multiplying together all the velocity-ratios of the several element-
ary combinations of which the train consists, each ratio having the
directional-relation with which it is connected denoted by means ©
the positive or negative algebraical sign, as the case may be. The
product is the velocity-ratio of the last follower and first driver;
and their directional-relation is indicated by the algebraical sign ©
that product, found by the rules, that any number of positive
factors, and any even number of negative factors, give a positive
product; and that any odd number of negative factors give
negative product.

94. Elementary Combinations Classed.—The only classification of
elementary combinations that is founded, as it ought to be, On
comparative motion, as expressed by velocity-ratio and directiona
relation, is that first given by Mr. Willis in his Treatise on Fur?
Mechamism. Its general plan is as follows ;—

Class A : Directional-relation constant; velocity-ratio constant:

Class B: Directional-relation constant; velocity-ratio varying.

Class C: Directional-relation changing periodically; velocity*
ratio constant or varying,






