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Unit One Mechanisms and Machine
Theory

Lesson 1 Mechanism
e —

Text

A mechanism is a member combination that more than two or two connections with the
members realize the regulation motion made up by way of the activity. They are the component
of machinery. Activity connections between two members that have the relative motion are called
the motion pairs. All motion pairs contacts with planes are called lower pairc and all motion pairs
contacts with points or lines are called high pairs. The motion specific property of mechanism
chiefly depends on the relative size between the member, and the character of motion pairs, as
well as the mutual disposition method etc"). The member that is used to support the member of
motion in the mechanism is called the machine frame and used as the reference coordinate for the
study of the motion system. The member that possesses the independence motion is called
motivity member. The member except machine frame and motivity member being compelled to
move in the mechanism is called driven member. The independent parameter (coordinate number)
essential for description or definite mechanism motion is called the free degree of mechanism.
For gaining the definite relative motion between the members of mechanism, it is necessary to
make the number of motivity members of mechanism equal the number of free degrees.

Mechanisms may be categorized in several different ways to emphasize their similarities and
differences. Mechanisms are generally divided into planar, spherical, and spatial categories. All
three groups have many things in common; the criterion which distinguishes the groups, however,
is to be found in the characteristics of the motions of the links'?!,

A planar mechanism is one in which all particles describe plane curves in space and all these
curves lie in parallel places ,i.e. the loci of all points are plane curves parallel to a single common
plane. This characteristic makes it possible to represent the locus of any chosen point of a planar
mechanism in its true size and shape on a single drawing or figure™. The motion transformation
of any such mechanism is called coplanar. The plane four-bar linkage, the plate cam and driven
parts, and the slider-crank mechanism are familiar examples of planar mechanism. The vast
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majority of mechanism in use today is planar. The following Fig.1.1 is cam mechanism.

A cam is a machine member that drives a follower through a specified motion. By the proper
design of a cam, any desired motion to a machine member can be obtained. As such, cams are
widely used in almost all machinery. They include internal combustion engines, a variety of
machine tools, compressors and computers. In general, a cam can be designed in two ways.

(1) To design an optimal profile of a cam to give a desired motion to the follower.

(2) To choose a suitable profile to ensure a satisfactory performance by the follower.

A rotary cam is a part of a machine, which changes cylindrical motion to straight-line
motion. The purpose of a cam is to transmit various kinds of motion to other parts of a machine.

Practically every cam must be designed and manufactured to fit special requirements.
Though each cam appears to be quite different from the other, all of them work in similar ways.
In each case, as the cam is rotated or turned, another part is connected with the cam, called a
follower, is moved either right or left, up and down, or in and out. The follower is usually
connected to other parts on the machine to accomplish the desired action. If the follower loses
contact with the cam, it will fail to work.

According to their basic shapes, cams are classified into four different types as illustrated in
Fig.1.1.

Roller follower

Cam profile

Cam profile

Cam shaft -

N
¥ / L1107 77 77777777777

(a) Plate(Disc)Cam (b) Translting Cam
Roller
follower
Cam profile
Cylinder
”
/
Face cam

(¢) Cylindrical Cam (d) Face Cam

Fig.1.1 Types of cam mechcanism
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(1) Plate (Disc) Cam.

(2) Translation Cam.

(3) Cylindrical Cam.

(4) Face Cam.

Planar mechanisms utilizing only lower pairs are called planar linkages; they may include
only revolute and prismatic pairs. Although a planar pair might theoretically be included, this
would impose no constraint and thus be equivalent to an opening in the kinematics chain. Planar
motion also requires that axes of all prismatic pairs and all revolute axes be normal to the plane

motion.
~ Words and Expression
motion pairs 1255
disposition [dispa'zif an] n. BCE; HEF
machine frame PLEE, HLEE
coordinate [kau'a:dinit] n. MAFR
motivity member R
parameter [pa'reemita] n. %5
driven member B
free degree B i
categorize ['keetigaraiz] v. K
category ['keetigari] n. i, BHEEEE
planar ['pleina] adj. “FHEK, FHE
spherical ['sferikal] adj. BRiy, BRI
spatial ['speif ol] adj. A1)
loci ['lausai] n. [locus FIEEIEA] SEHLE

Notes

[1] The motion specific property of mechanism chiefly depends on the relative size between
the member, and the character of motion pairs, as well as the mutual disposition method etc.

@ specific property: 4F.

@ aswellas: ANMH------MH; Hleeeee-— B A e, BTSSR R,

[2] The criterion which distinguishes the groups, however, is to be found in the
characteristics of the motions of the links.

PR R, BT RAFRHELE TIEM s sh Rt .

@ to be found HAE AP B
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[3] This characteristic makes it possible to represent the locus of any chosen point of a
planar mechanism in its true size and shape on a single drawing or figure.

(D makes it possible: -+ T fE.

@ represent: %, FEI.

® planar mechanism: -~V

@ in size and shape: 75 K/NFEAR 7 1l o

Reading Materials

A spherical mechanism is one in which each link has some point which remains stationary
as the linkage moves and in which the stationary points of all links lie at a common location, i. e.
the locus of each point is a curve contained in a spherical surface, and the spherical surfaces
defined by several arbitrarily chosen points axes all concentric. The motions of all particles can
therefore be completely described by their radial projections, or “shadows”, on the surface of a
sphere with properly chosen center.

Spherical linkages are constituted entirely of revolute pairs. A spherical pair would produce
no additional constraints and would thus be equivalent to an opening in the chain, while all other
tower pairs have no spherical motion. In spherical linkages, the axes of all revolute pairs must
intersect at a point.

Spatial mechanisms, on the other hand, include no restrictions on the relative motions of the
particles. The motion transformation is not necessary coplanar, nor must it be concentric. A
spatial mechanism may have particles with loci of double curvature. Any linkage which contains
a screw pair, for example, is a spatial mechanism, since the relative motion within a screw pair is
helical. To take an example, worm gear pairs transmit motion between two shafts. The shafts are
usually at right angles to each other but do not lie in the same plane. The teeth on the worm slide
against the teeth of the worm wheel, producing a rolling action. The worm turns the worm wheel.



Lesson 2 Movement Analysis

One of the simplest and most useful mechanisms is the four-bar linkage. Most of the
following description will concentrate on this linkage, but the procedures are also applicable to
more complex linkage.

We already know that a four-bar linkage has one degree of freedom. Are there any more that
are useful to know about four-bar linkage? Indeed there are! These include the Grashof criteria,
the concept of inversion, dead-center position (branch points), branching, transmission angle and
their motion feature, including positions, velocities and accelerations.

The four-bar linkage may take form of a so-called crank-rocker or a double-rocker or a
double-crank (drag-link) linkage, depending on the range of motion of the two links connected to
the ground link. The input crank of a crank-rocker type can rotate continuously through 360,
while the output link just “rocks” (or oscillates). As a particular case, in a parallelogram linkage,
where the length of the input link equals that of the output link and the lengths of the coupler and
the ground link are also the same, both the input and output link may rotate entirely around or
switch into a crossed configuration called an anti-parallelogram linkage“]. Grashof’s criteria
states that the sum of the shortest and longest links of a planar four-bar linkage cannot be greater
than the sum of the remaining two links, if there is to be continuous relative rotation between any
two links.

Notice that the same four-bar linkage can be a different type, depending on which link is
specified as the frame (or ground). Kinematic inversion is the process of fixing different links of
a chain to create different mechanisms. Note that the relative motion between links of a
mechanism does not change in different inversions.

Besides having knowledge of the extent of the rotations of the links, it would be useful to
have a measure of how well a mechanism might “run” before actually building it. Hartemberg
mentions that “run” is a term that means effectiveness with which motion is imparted to the
output link; it implies smooth operation, in which a maximum force component is available to
produce a force or torque in an output member. Although the resulting output force or torque is
not only a function of the geometry of the linkage, but it is generally the result of dynamic or
inertia force, which are often several times as large as the static force. For the analysis of
low-speed operations or for an easily obtainable index of how any mechanism might run, the
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concept of the transmission angle is extremely useful. During the motion of a mechanism, the
transmission angle changes in value. A transmission angle of 0 degree may occur at a specific
position, on which the output link will not move regardless of how large a force is applied to the
input link. In fact, due to friction in the joints, the general rule of thumb is to design mechanisms
with transmission angle of larger than a specified value. Matrix-based definitions have been
developed which measure the ability of a linkage to transmit motion. The value of a determinant
(which contains derivatives of output motion variables with respect to an input motion variable
for a given linkage geometry ) is a measure of the movability of the linkage in a particular position.

If a mechanism has one degree of freedom (e.g. a four-bar linkage), then prescribing one
position parameter, such as the angle of the input link, will completely specify the position of the
rest of the mechanism (discounting the branching possibility). We can develop an analytical
expression relating the absolute angular positions of the links of a four-bar linkage. This will be
much more useful than a graphical analysis procedure when analyzing a number of positions
and/or a number of different mechanisms, because the expressions will be easily programmed for
automatic computation.

The relative velocity or velocity polygon method of performing a velocity analysis of a
mechanism is one of several methods available. The pole represents all points on the mechanism
having zero velocity. Lines drawn from the pole to points on the velocity polygon represent the
absolute velocities of the corresponding points on the mechanism. A line connecting any two
points on the velocity polygon represents the relative velocity for the two corresponding points
on the mechanism.

Another method is the instantaneous center or instant center method, which is a very useful
and often quicker in complex linkage analysis. An instantaneous center or instant center is a point
at which there is no relative velocity between two links of a mechanism at that instant. In order to
locate the locations of some instant centers of a given mechanism, the Knnedy’s theorem of three
centers is very useful. It states that the three instantaneous centers of three bodies moving relative
to one another must be along a straight line.

The acceleration of links of a mechanism is of interest because of its effect on inertia force,
which in turn influences the stress in the parts of a machine, bearing loads, vibration, and nose.
Since the ultimate objective is inertia-force analysis of mechanism and machines, all acceleration
components should be expressed in one and the same coordinate system: the inertia frame of
reference of the fixed link of the mechanism."’

Notice that in general there are two components of acceleration of a point on a rigid body
rotating about a ground pivot. One component has the direction tangent to the path of this point,
pointed in the same sense of the angular acceleration of this body, and is called the tangential
acceleration. Its presence is due solely to the rate of change of the angular velocity. The other
component, which always points toward the center of rotation of the body, is called the normal or
centripetal acceleration. This component is present due to the changing direction of the velocity

vector.



Words and Expressions

criterion (pl. criteria) [krai'tiarian]

branch [b'rant[]
transmission angle
rock

rocker

oscillate ['osalleit]
parallelogram [\pzera'lea.greem]
antiparallelogram
frame

impart

to impart M to N
torque [to:k]

dynamic [dai'neemik]
inertia [i'na:[jo]
static ['steeti]

index ['indeks]
friction [frik[an]
thumb [6Am]

rule of thumb

matrix [meitrik]
determinant [di'ta:minant]
derivative [di'rivativ]
derivative of M with respect to N
movability [[mu:va'biliti]
parameter [pa'reemita]
discount ['diskaunt]
absolute ['eebsalu:t]
graphical [greefikl]
polygon ['paliz.gon]
theorem ['Biaram]

stress

bearing ['bearin]
centripetal [sen'tripitl]

n. CHIBnbRAE, HI¥E, AEN
n&v. ﬁ(%ﬂ}’ i)
1&5))f
B3 v. B3
REFF
#3), #®3)
AT UL B
FOPAT YA
PBLA, 5

BT, o
EMﬁ%N
n. Ji%E, HIE
adj. 1K), BN
n. G, HE
adj. AR, #E
n. 184, $8bR
n. PEHE
n. #&; v. HBHERE )
SERGE I T, BRI ik, &k,
BN
n. HpE
n. 755K
n. FH
M3HF N IS5
n. AJEhtE, HEhtk
n. ¥
v. {7T#40, AR
adj. XTI
adj. EJEH), EfER
n. ZiUj
n. EH
n. N.Jj
n. Bl
adj. AL JIH)

<; B poeoE
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[1] As a particular case, in a parallelogram linkage, where the length of the input link equals
that of the output link and the lengths of the coupler and the ground link are also the same, both
the input and output link may rotate entirely around or switch into a crossed configuration called
an anti-parallelogram linkage.

AR 7EPATIUAEH Al — R BRI TE,  ROHUR 0 B3R C BE 55 T4t AT
K, EAKE ST YRR IR, MU B 5 AR R4 A28 T UVE [ R e 30,
] AR S — P R A S AT DU L TE B B A8 4544 o

[2] ...which contains derivatives of output motion variables with respect to an input motion
variable for a given linkage geometry...

PR ZATHIA P EEANG EN IS HIE 3R B IZEh R BN T

[3] ...the inertia frame of reference of the fixed link of the mechanism.

AR HURE E AR ARAR R

[4] One component has the direction tangent to the path of this point, pointing in the same
sense of the angular acceleration of this body, is called the normal or centripetal acceleration.

A fE. AR 5Z AR, 35 ) XA NI I EE 5 AR TR, X
— o AR R U] [ B

Reading Materials

Theoretical mechanics, is a subject of studying general principles of mechanical movement,
belongs to common mechanics of classical mechanics. Theoretical mechanics falls into statics,
kinematics and dynamics. Statics mainly studies the conditions of acting forces when the body
under acting forces is equilibrium, also studies the analytic methods of forces acting on body, and
the methods of simplifying force system,etc. Kinematics just studies the movements of body in

view of geometry(e.g. track, velocity and acceleration, etc.), not the physical reasons causing the
movements of body. Dynamics deals properly with motions under forces.



Lesson 3 Kinematic Synthesis
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: Text

Mechanisms form the basic geometrical elements of many mechanical devices including
automatic packaging machinery, typewriters, mechanical toys, textile machinery, and others. A
mechanism typically is designed to create a desired motion of a rigid body relative to a reference
member. Kinematic design, or kinematic syntheses, of mechanisms often is the first step in the
design of a complete machine. When forces are considered, the additional problems of dynamics,
bearing loads, stresses, and lubrication are introduced, and the larger problem becomes one of
machine design.

A kinematician defined kinematics as “the study of the motion of mechanisms and methods
of creating them”. The first part of this definition deals with kinematics analysis. Given a certain
mechanism, the motion characteristics of its components will be determined by kinematic
analysis. The statement of the task of analysis contains all principal dimensions of the mechanism,
the interconnections of its links, and the specification of the input motion or method of actuation.
The objective is to find the displacements, velocities, accelerations, shock or jerk (second
acceleration), and perhaps higher accelerations of the various members, as well as the paths
described and motions performed by certain elements. In short, in kinematic analysis we
determine the performance of a given mechanism. The second part of definition may be
paraphrased in two ways:

(1) The study of methods of creating a given motion by means of mechanisms.

(2) The study of methods of creating mechanisms having a given motion.

In either version, the motion is given and the mechanism is to be found. This is the essence
of kinematic synthesis. Thus kinematic synthesis deals with the systematic design of mechanisms
for a given performance. The area of synthesis may be grouped into two categories.

(1) Type synthesis. Given the required performance, what type of mechanism will be
suitable? (Gear trains? Linkages? Cam mechanisms?) Also, how many links should the
mechanism have? How many degrees of freedom are required? What configuration is desirable?
And so on, Deliberations involving the number of links and degrees of freedom are often referred
to as the province of subcategory of type synthesis called number synthesis. "’

(2) Dimensional synthesis. The second major category of kinematic synthesis is best defined
by way of its objective: Dimensional synthesis seeks to determine the significant dimensions and
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the starting position of a mechanism of a preconceived type for a specified task and prescribed
performance.

Significant dimensions mean link lengths or distances on binary, ternary, and so on, links,
angles between axis, cam-contour dimensions and cam-follower diameters, eccentricities, gear
rations, and so forth. A mechanism of preconceived type may be a slider-crank linkage, a four-bar
linkage, a cam with flat follower, or a more complex linkage of a certain configuration defined
topologically but not dimensionally. There are three customary tasks for kinematic synthesis:
function generation, path generation and motion generation.

2] rotation or sliding motions of input and output links

In function generation mechanisms,
must be correlated. For an arbitrary function y =f(x), a kinematic synthesis task may be to design
a linkage to correlate input and output such that the input moves by x, the output moves by
y=7(x) for the range xo<x<x,;""\. In the case of rotary input and output, the angles of rotation 1)
and ¢@are the linear analogs of x and y respectively. When the input link is rotated to a value of
the independent x, the mechanism in a “black box™ causes the output link to turn to the
corresponding value of the dependent variable y =f(x). This may be regarded as a simple case of
a mechanical analog computer. A variety of different mechanisms could be contained within the
“black box”. However, the four-bar linkage is not capable of error-free generation of an arbitrary
function and can match the function at only a limited number of precision points. It is widely
used in industry because the four-bar linkage is simple to construct and maintain.

In path generation mechanism a point on a “floating link” is to trace a path defined with
respect to a fixed frame of reference !, If the path points are to be correlated with either time or
input-link positions, the task is called path generation with prescribed timing. An example of path
generation mechanisms is a four-bar linkage designed to pitch a baseball or tennis ball. In this
case the trajectory of point p would be such as to pick up a ball at a prescribed location and to
deliver the ball along a prescribed path with prescribed timing for researching a suitable
throw-velocity and direction.

There are many situations in the design of mechanical devises in which it is necessary either
to guide a rigid body through a series of specified, finitely separated positions or to impose
constrains on the velocity and/or acceleration of the moving body at a reduced number of finitely

b1 requires that an

separated positions. Motion-generation or rigid-body guidance mechanism
entire body be guided through a prescribed motion sequence. The body to be guided usually is a
part of a floating link, of which not only is the path of a point p prescribed, but also the rotation
of a line passing through the point and embedded in the body. For instance, the line might
represent a carrier link in automatic machinery where a point located on the carrier link has a
prescribed path while the carrier has a prescribed angular orientation. Prescribing the movement
of the bucket for a bucket loader is another example of motion generation mechanism. The path
of tip of the bucket is critical since the tip must perform a scooping trajectory followed by a
lifting and a dumping trajectory. The angular orientation of the bucket is equally important to

ensure that the load is dumped from the correct position.

10



