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ABSTRACT

Since the beginning of modem history , perhaps no technological innovation
has influenced engineering more than the electronic digital computer , which
assumed to be very important role in logic design & manufacturing system.
Mechanical design , involves a lot of routine work not only tiresome and lengthy
calculations have to be done , but the solutions for most part can only be
achieved through complicated iteration.

Tool design is a vital component of mechanical design , at the same time it is
a specialized phase of tool engineering. Also , its functions may be performed by
a tool engineer in addition to his other duties in manufacturing , or they may be
performed by tools-design specialist who devotes his entire working time to tool
design. Tool designer must be able to visualize exactly how the work piece is to
be made , he should be competent to judge the merits of different methods.

Up today our designer engineers , work through the conventional way of
design which it is in reality differs from one to another depending on the
experience and data available in hand, it is also time consdming and involved
duplication of effort by design and manufacturing personal, which being
completely differs with the main aim of designer engineers, such as improved of
work piece accuracy both in terms of dimensional and profile tolerances, this
combined with the requirement for higher output .

Thus, the objective of this thesis is to design an interactive dialogue
system for production engineers in manufacturing fields, particularly in the
field of design and manufacturing of machine tool cams (disk cams) to
assist the engineers / users to draw, calculate, design and manufacture
through a well developed system. By using such system, the conventional
calculations and design may be performed quickly and simply, because there is
no fixed rules cover all points in cam design, as so much depends upon the
requirements of each component. This system provides a fremendous saving in
drawing/ calculations/design time and effort, and help to prevent a variety of
unnecessarily differences. Also saving a great amount of money due to a great
reduction of material wastage.

Therefore, it is reasonable to believe that a better design will result from a
CAD / CAM system, it is a working tool and communications methodology which
today represents the fasts , most accurate and consistent way to progress
designs through various processes. Excellent results have been obtained from
the system justification , i.e. 97.5 % time saving which considered to be a
tremendous achievement.



XV

The thesis consists of six chapters . Chapter One presents an introduction to
machine tool cams, cam definition terminology, geometry of cams and followers
and their classification etc. Chapter Two illustrates the more relevant work as a
literature survey and the statement of the problem. Chapter Three presents in
detail the manual procedure for Disc Cam Design and Drawing through a
comprehensive literature and calculations for several examples to assist the
production engineer in understanding the process starting from the required
product to the final design of the cam set. Chapter Four introduces the concept
of CAD/ICAM/DB system and the related advantages, the CAD/CAM programs
and the drawings for any set of cams through the developed system. Chapter
Five explains through a short illustration the role of expert system methodology in
establishing software tool for future work. Chapter Six illustrates the fundamental
conclusions . the system satisfaction and justification , comparative study , and
the recommendations. One Appendix has been provided in this thesis illustrating
list of the program. Then References will be listed , and finally the Arabic

Summary.
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D-R-D
D-R-R-D
R-R-R
THED

R

R1

R.P.M (r.p.m)
Vv

Db

f

LOCS

SP caiculated
SP actual

V actual

BL

PL

CTW

N1

N2

N3

SL

ID

TID

TPD

Np
SPoc
CP
TP

NOMENCLATURE

Dwell - Rise - Dwell

Dwell - Rise - Return - Dwell

Rise - Return - Rise

Three hundredth and sixty equal divisions
Rays or arcs radii

Maximum cam diameter radius

Revolutions per minute

Surface speed m / min.

Bar diameter or ( diameter of material)

feed rate

Laying out cams sheet

Calculated spindle revolutions per minute r.p.rh
Actual spindle revolutions per minute r.p.m
Actual cutting speed

Bar Length

Product length

Cutting Tool width

Maximum Turning speed

Maximum Drilling speed

Maximum Threading speed

Strock length

Idle Degree

Total Idle degree

Total productive degree

Basic number of revolutions for every productive operation
Total Productive revolutions for the product
Number of spindle revolutions required for one component
Cam path

Tool path



LR

RFR
CDR
PDR

ES

ESAE

ESAD

ESAM
ESAD/ESAM
Al

KE

IE

WDB

Lever Ratio

Rises and Falls ratio

Coefficient of the number of degree per revolution

Productive degree per revolution
Productive Time

Actual cycle time

Actual ( Net ) machining time
Diameter of the arm circle

Diameter of the arm circle
Maximum cam diameter

Mean cam diameter

Arm length

Minimum cam diameter

Diameter of camshaft

Opening hole

Cam thickness

Diameter of fixation hole

Distance between cam center & fixation hole
Transmission paths

Expert system

Expert system Aided Engineering
Expert system Aided Design

Expert system Aided Manufacturing

Expert system Aided Design/Expert system Aided Manufacturing

Artificial Intelligence
Knowledge Engineering
inference Engine

Working Date Base
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ABSTRACT

Since the beginning of modem history , perhaps no technological innovation
has influenced engineering more than the electronic digital computer , which
assumed to be very important role in logic design & manufacturing system.
Mechanical design , involves a lot of routine work not only tiresome and lengthy
calculations have to be done , but the solutions for most part can only be
achieved through complicated iteration.

Tool design is a vital component of mechanical design , at the same time it is
a specialized phase of tool engineering. Also , its functions may be performed by
a tool engineer in addition to his other duties in manufacturing , or they may be
performed by tools-design specialist who devotes his entire working time to tool
design. Tool designer must be able to visualize exactly how the work piece is to
be made , he should be competent to judge the merits of different methods.

Up today our designer engineers , work through the conventional way of
design which it is in reality differs from one to another depending on the
experience and data available in hand, it is also time consdming and involved
duplication of effort by design and manufacturing personal, which being
completely differs with the main aim of designer engineers, such as improved of
work piece accuracy both in terms of dimensional and profile tolerances, this
combined with the requirement for higher output .

Thus, the objective of this thesis is to design an interactive dialogue
system for production engineers in manufacturing fields, particularly in the
field of design and manufacturing of machine tool cams (disk cams) to
assist the engineers / users to draw, calculate, design and manufacture
through a well developed system. By using such system, the conventional
calculations and design may be performed quickly and simply, because there is
no fixed rules cover all points in cam design, as so much depends upon the
requirements of each component. This system provides a fremendous saving in
drawing/ calculations/design time and effort, and help to prevent a variety of
unnecessarily differences. Also saving a great amount of money due to a great
reduction of material wastage.

Therefore, it is reasonable to believe that a better design will result from a
CAD / CAM system, it is a working tool and communications methodology which
today represents the fasts , most accurate and consistent way to progress
designs through various processes. Excellent results have been obtained from
the system justification , i.e. 97.5 % time saving which considered to be a
tremendous achievement.
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The thesis consists of six chapters . Chapter One presents an introduction to
machine tool cams, cam definition terminology, geometry of cams and followers
and their classification etc. Chapter Two illustrates the more relevant work as a
literature survey and the statement of the problem. Chapter Three presents in
detail the manual procedure for Disc Cam Design and Drawing through a
comprehensive literature and calculations for several examples to assist the
production engineer in understanding the process starting from the required
product to the final design of the cam set. Chapter Four introduces the concept
of CAD/ICAM/DB system and the related advantages, the CAD/CAM programs
and the drawings for any set of cams through the developed system. Chapter
Five explains through a short illustration the role of expert system methodology in
establishing software tool for future work. Chapter Six illustrates the fundamental
conclusions . the system satisfaction and justification , comparative study , and
the recommendations. One Appendix has been provided in this thesis illustrating
list of the program. Then References will be listed , and finally the Arabic

Summary.
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Introduction to Machine
Tool Cams

1-1 Introduction

The production of turned components on machines developed from the lathes but
designed with a system of automatic movements , has been going on for many years
and the term “ automatic “ has become generally accepted as applying to such
machines. Over the years considerable progress has been made in the development
of such machines , but the fundamental principles of their operation have shown little
change from their reliance on cams and other well-known mechanical devices for

producing the movements necessary [1].

Fully automatic machine tools are machines in which, once the machine is setup,
all the movements related to the manufacturing cycle and also the loading of blanks
and the unloading of machined parts are performed without the operator’s
participation [2,3,4,5,6]. Automatic machining methods have been in use for a long
time. Until quite recently most of the automatic systems have been controlled

mechanically.

Controlling the ignition of fuel in each of the cylinders in your car - four, six
or eight -is a small cam attached to the distributor shaft. With as many lobes
as the engine has cylinders, the cam actuates the ignition at an astounding

rate of forty or fifty times a second.

Opening and closing the intake and exhaust valves-again on your car-is a shaft
aligned with cams, two for each cylinder , that open and close the intake and exhaust
valves through a linkage system called the valve train. You awake in the morning by
an alarm, tripped by a cam or an eccentrics. Typewriters, sewing machines, can
openers, and spacecraft all contain cams and eccentrics of one sort or another-cams
that either transform one type of motion into another or that transform force into

torque or torque into force.



Chapter 1 : Introduction to machine tool cams 2

1-2 Cam Definition

@~ A cam is a mechanical element of a machine which is used to drive another
element, called the follower , through a specified movement by direct contact.

&~ The cam and follower constitute one of the simplest as well as one of the most
versatile mechanisms found in modern machinery today, Fig. 1-1 , illustrates a
plate cam with oscillating follower as used in many machines.

&~ In action the cam rotates, usually at constant angular velocity, and drives
the follower in an oscillating motion whose characteristics are dependent
upon the shape of the cam.

&~ The versatility of the cam lies in the fact that a change in the cam curve will
result in a change in the characteristics of the follower motion.

&~ For this reason the number of follower motions available is limited only by

the ingenuity of the designer [4,7].

But though a cam can be designed to impart nearly any motion to its follower
certain motions produce extreme velocity and acceleration effects resulting in
high stresses and vibration in the associated components. Unless the designer
selects materials and components to satisfactorily resist these high stresses
either wear or fatigue failure will result in a relatively short life for the parts. So
the principal problem in the kinematics design of cams is to compromise upon a

follower motion which will have relatively mild values of velocity and acceleration.

1-3 Cam Terminology

Some of the important terms used in laying out the cam profiles are explained in

the following paragraphs :

1. The cam profile: it is the actual working counter or the working curve of
the cam. It is the surface in contact with the knife edge, roller surface. The
cam profile may be of any shape; it may be external, single, or multi-lobe.
Figure 1-2 , shows a cam profile of a single - lobe radial cam.

2. The base circle: It is the smallest circle drawn to the cam profile from the center

of rotation of a radial cam. Cam size will depend upon the size of the base circle.
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10.

The trace point: It is the point on the follower located at the knife edge in knife
edge follower and center of the roller in roller follower, or center of the spherical
face in mushroom spherical follower. 1t is a reference point on the follower for the
purpose of tracing the cam profile.

The pitch curve: It is the path of the trace point. For the purpose of laying out
the cam profiles it is assumed that the cam is fixed and the follower rotates
around it. Thus the knife edge, or the roller center etc. will trace a curve if
assumed to be rotating round the cam. This curve is called the pitch curve.

The prime circle: It is the smallest circle drawn to the pitch curve from the

center of rotation of the cam.

The pressure angle: It is the angle at any point on the pitch curve, included
between the normal to that point on the curve and line of motion of the
follower at that instant. This angle is very important in cam design as it
represents steepeness of the cam proﬁle.

The cam angle: It is the angle of rotation of the cam for a definite
displacement of the follower.

The pitch point: It is the point on the cam pitch curve having the maximum
pressure angle.

The lift or stroke: It is maximum displacement of the follower from the base
circle of the cam. It is also sometimes called the throw of the cam.

The pitch circle: Is a circle with center as the center of the cam axis and

radius such that is passes through the pitch point.

1-4 The Geometry of cams and followers
1-4-1 Types of cams

Cams may be classified through the following three ways: Follower motion, e.g,,

dwell-rise-dwell (D-R-D); dwell-rise-return -dwell (D-R-R-D). Cam shape, eg.,

wedge, radial, globoidal, cylindrical, conical, spherical. And manner of constraint of

the follower. Constraint may be obtained either by spring loading to keep the

follower in contact with the cam surface, or by positive drive.
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A-1 Classification based on follower motion

1.

Dwell-Rise-Dwell Cam ( D-R-D ) ; the zero displacement part of the cam is called
dwell. There is zero displacement followed by a rise contour to another dwell
period. It is used very frequently in machinery. In this case rise is followed by a fall

or it may be dwell -rise -dwell return, see Fig.1-3

Dwell-Rise-Return-Dwell Cam ( D-R-R-D ); in this type the rise and return

are preceded and followed by dwells as shown in Fig.1-4.
Rise-Retum-Rise Cam ( R-R-R-); this has no dwells. Its application is limited.

An eccentric mechanism is suggested in place of such a contour cam see Fig.1-5.

B-1 Classification based on the shape of the cam

1.

The Translation: Wedge or flat cam, see Fig. 1-6 , this is the simplest
type of cam. The plate cam moves back and forth imparting a translatory
motion to the follower. In Fig.1-6 the follower could be held in tae groove
and thus has a positive motion. The follower could be held by a spring and
the plate cutto give a desired motion without any groove cut. The follower

will in that case move on the surface of the plate.

The Radial or Disc Cam : The cams shown in Figs.1-1,1-14;1-15 and 1-16
belong to this class. The position of the follower is determined by the radial
distance from the cam axis. The follower is held in contact by spring, or gravity.
The cams shown in Figs.1-7, 1-8 also belong to this class. The difference is only of
constraint. In Figs.1-7,1-8 , the follower has positive constraint. The radial type of
cams are the most popular because of their simplicity and compactness. The cam
shown in Fig.1-7 is also called the yoke cam. The cam shown in Fig.1-8, is
conjugate supplementary or double disc cam. In this type, one roller is reloaded
against the other. A particular type of radial plate cam used in automobiles, has its
contour of radii of circles. The spiral cam shown in Fig.1-9, is a form of face cam
having a spiral groove cutin it. Pin gear follower is driven by teeth in the groove;
the follower velocity is a function of the radial distance of the groove from the axis

of the cam. This cam is used in computers.
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3. The Cylindrical, or Drum Cam: It has a circumferential contour cut in the

surface of the cylinder which rotates about its axis. The follower may
translate or oscillate in the direction of this axis. Two types of cylindrical
cams, one in which the groove is cut on the surface and roller has
constrained positive motion; and the other in which the end of the cylinder
is the working surface, are shown in Figs. 1-10, 1-11.

The follower in Fig.1-10 is having an oscillatory motion and in Fig.1-11 it is
having translatory motion.

The Globoidal Cam: It is similar to the cylindrical cam convex o/r concave
globoids, as shown in Figs.1-12,1-13 replace the cylinder. These cams

though of much academic interest have not been popular. These cams are

used for indexing and other such purposes.

C-1 Classification based on constraint

1.

Spring Loaded or Pre-Loaded: In the radial cams of the types shown
in Fig.1-14 the follower is to be held by an external force provided by
pre-compression of the spring or hydraulic load or gravity. The cylindrical

cam shown in Fig.1-11 is also a case of successful constraint.

The Cylindrical Cam: Shown in Fig.1-11, the globoidal cams shown in
Figs.1-12,1-13, the yoke cam are all cases of positive cons;raint. No

external force is required to keep the cam surface in contact.

1-4-2 Types of Followers

The surface of a follower in contact with a cam may have a knife edge, or it may

be flat -faced, spherical -faced, or be a roller.

The knife-edge follower is not a practical one because the contact stresses

would be infinite; this classification is used only for its theoretical value.

The flat-and spherical-faced followers have similar purposes and are used for

relatively steep cam curves and where space is limited.

Rollers for followers are made in standard sizes by many anti friction-bearing

manufacturers. These types of followers are illustrated in Fig.1-14.
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