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Chapter 1  Mechanical principle

Chapter 1 Mechanical Principle

Lesson 1 Steel

Generally speaking, there are two kinds of steels in common use: plain carbon steels and alloy
steels. Firstly, let’ s look at plain carbon steels. .

Plain carbon steels are the steels that contain only carbon and no other major alloying elements.
This kind of steel has 3 types which are low-carbon steel, medium-carbon steel and high-carbon
steel. They get their special names from their eontent of carbon.

If the carbon content is lower than 0.25% , it is called low-carbon steel. It cannot be hardened
but can 'be case-hardened. It has these characteristics which are easy machining & forming,
comparatively less strength, least expensive, comparatively less hardness and largest quantity
produced. In practice use, bolts, nuts, washers, sheet steel, and shafts use low-carbon steel.

Medium-carbon steel contains from 0. 25-0. 60 percent carbons. This kind of steel is mostly
used in situation where greater tensile strength is required. This kind of steel may be hardened for it
has higher carbon content. Its characteristics are as follows, hard & strong after heat treating;
medium depth of hardness and more expensive than low carbon steel. Tools such as wrenches,
hammers, and screwdrivers are drop-forged from medium-carbon steel and later heat treated.

High-carbon steel ( also named as tool steel) contains over 0. 60 percent carbon, and it can
contain as high as 1.7 percent. It has these characteristics: hard & strong after heat treating; depth
of hardness increases and more expensive than low & medium carben steels . Cutting tools, punches,
taps, dies, drills and reamers usually use this kind of steel.

Then is the alloy steels. Alloy steel is the steel whose characteristics are determined by the
addition of other elements in addition to carbon. Alloy steels have some special characteristics which
are not found in plain carbon steels, so alloy steels are widely used in practice. That is to say,
sometime we prefer alloy steel to plain steel. »

Alloy steel has these following characteristics: it increases in tensile strength, hardness,

toughness, antiwear property, corrosion resistance and red-hardness.

NEW WORDS AND EXPRESSIONS

‘'steel n. W, M
plain carbon steel REN
alloy steel BEW
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low-carbon steel R
medium-carbon steel FHRR
high-carbon steel =1 2
content n. B
case-harden v ' ﬁﬁﬁ'ﬂﬁ
hardness n. WE
characteristic n. i
tensile strength Bihrsg g
toughness n. o
antiwear property HiEYERE
corrosion resistance T
red-hardness FAR K

Lesson 2 Heat Treatment of Metals

Heat treatment is the operation of heating and cooling a metal in its solid state to change its
properties.

Heat treatment is often associated with increasing the strength of material, but it can also be
used to alter certain manufacturability objectives such as improve machining, improve formability,
restore ductility after a cold working operation. Thus it is a very enabling manufacturing process that
can not only help other manufacturing process, but can also improve product performance by
increasing strength or other desirable characteristics.

With the proper heat treatment, internal stresses may be removed, grain size reduced,
toughness increased, or a hard surface produced on a ductile interior. Steels are particularly suitable
for heat treatment, since they respond well to heat treatment and the commercial use of steels
exceeds that of any other materials. Steels are heat treated for one of the following reasons:

1. softening;

2. hardening;;

3. material modification.

Common Heat Treatments

Softening ;

Softening is done to reduce strength or hardness, remove residual stresses, improve toughness,
restore ductility, refine grain size or change the electromagnetic properties of the steel.

Restoring ductility or removing residual stresses is a necessary operation when a large amount of
cold working is to be performed, such as in a cold-rolling operation or wiredrawing. Annealing—full
Process, spheroid zing, normalizing and tempering—austempering, martempering are the principal
ways by which steel is softened.

Hardening;



BT

Hardening of steels is done to increase the strength and wear properties. One of the pre-
requisites for hardening is sufficient carbon and alloy content. If there is sufficient carbon content,
then the steel can be directly hardened. Otherwise the surface of the part has to be carbon enriched
using some diffusion treatment hardening techniques.

Material Modification:

Heat treatment is used to modify properties of materials in addition to hardening and softening,.
These processes modify the behavior of the steels in a beneficial manner to maximize service life, e.
g. , stress relieving, or strength properties, e. g. , cryogenic treatment, or some other desirable
properties, e. g. , spring aging.

Tempering is a process done subsequent to quench hardening. Tempering is done immediately
after quench hardening. When the steel cools to about 40°C (104 °®) after quenching, it is ready to
be tempered. The part is reheated to a temperature of 150 to 400°C (302 to 752°F ). In this region
a softer and tougher structure Troostite is formed. Alternatively, the steel can be heated to a
temperature of 400 to 700°C (752 to 1292°F ) that results in a softer structure known as Sorbite.
This has less strength than Troostite but more ductility and toughness.

Generally -speaking, the purposes of annealing are; alteration of ductility and toughness,
induction of sofiness and refinement of grain structure and removal of gases and stresses.

This process of, normalizing is very similar to annealing, which improves strength and
machinability. B

Spheroidizing is a form of annealing consisting of prolonged heating of iron base alloys at a
temperature in the neighbérhood of, but generally slightly below the critical range, usually followed
by a relatively slow cooling. Spheroidizing causes the graphite to assume a spheroidal shape, hence

the name.

NEW WORBS AND EXPRESSIONS

heat treatment i
manufacturability A HlEE
formability n. RAEERE
ductility n. SERME, REME
internal stress WL
soften v. ik
hardening . fEit
material modification R b
tempering n. [ &
quench hardening Bk AR
stress relieving VWIS

quenching n.
Troostite n.

B
B A&
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Sorbite n. K&
machinability n. AT
spheroidizing n. BRI (b2

Lesson 3 Introduction to Bearings

Stop and consider how many things in your life turn or revolve. Skate wheels, electric motors,
car wheels, microwave turntables, even your PC has bearings in it. '

The humble bearing makes many of today’ s machines a reality. Without them we would not be
able to make precision items on a massive scale and things would wear out quickly due to excessive
friction. This page is designed g0 give you an idea of what bearings are, what they do and the
formats they come in. ,

All things roll and rotate better than they slide. If the wheel did not exist we would be stuck
with sliding things everywhere. Consequently little progress in the world would be achieved. Sliding
causes friction. Friction is caused by two surfaces resisting movement between them. However, if
two surfaces can contact each other by rolling, then friction problems are significantly reduced.

 How bearings ‘bear’ load?

Ball bearings are typically capable of dealing
with two kinds of loading condition; radial load and

thrust load. Depending on the type of application (\;:;rt' :?:'ir)
the bearing is used in, it may experience radial
load only, thrust load only or a combination of
both. A .classic example being the car wheel is as

shown below (See fig 3-1).

thrust load
Different types of bearings (cornering forces)
There are many types of bearings, iincluding F -
ball bearings, roller bearings, ball thrust bearings, Fig 3-1 car wheel
roller thrust bearings and tapered roller bearings. 1-wheel rim;2-hub;3-tapered roller bearings

And each is used for different purpeses either singularly or in combinations.

1. Ball bearing

Ball bearings, as shown in fig 3-2, are the most common type by far. They are found in
everything from skate boards to washing machines, or to PC hard drives. These bearings are capable
of taking both radial and thrust loads, and are usually found in applications where the load is light to
medium and is constant in nature (i.e. not shock loading). The bearing shown here has the outer
ring cut away revealing the balls and ball retainer.

2. Roller bearings

Roller bearings shown in fig 3-3 are normally used in heavy duty applications such as conveyer
belt rollers, where they must hold heavy radial loads. In these bearings the roller is a cylinder, so

4




the contact between the inner and outer race is not a point (like the ball bearing above) but a line.
This spreads the load out over a larger area, allowing the roller bearing to handle much greater loads
than a ball bearing. However, this type of bearing cannot handle thrust loads to any significant
degree. A W@m of this' bearing design is called the needle bearing. The needle roller bearing
uses cylindrimﬁ_&&ﬁers like those above but with a very small diameter. This allows the bearing to fit
into tight places such as gear boxes that rotate at higher speeds.

Fig 3-2 ball bearing Fig 3-3  roller bearing

3. Thrust ball bearings

Ball thrust bearings like the one shown in fig 3-4 are mostly used for low-speed non-precision
applications. They cannot take much radial load and are usually found in turntables and low
precision farm equipment.

4. Thrust roller bearings

Thrust roller bearings like the one illustrated in fig 3-5 can support very large thrust loads. They
are often found in gear sets like car transmissions between gear sprockets, and between the housing
and the rotating shafts. The helical gears used in most transmissions have angled teeth; this can
causes a high thrust load that must be supported by this type of bearing.

Fig 3-4  thrust ball bearing Fig 3-5 thrust roller bearing

5. Taper roller bearings
Tapered roller bearings ( see ﬁg 3-6) are designed to support large radial and large thrust
5
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loads. These loads can take the form of constant loads or shock loads. : Tapered roller Beatings are
used in many car hubs, where they are usually mounted in pairs facing
opposite directions. This gives them the ability to take thrust loads in beth
directions. The cutaway taper roller in the fig 3-6 shows the specially
designed tapered rollers and demonstrates their angular mounting which
gives their dual load ability.

Other types of bearings

The above bearing types are some of the most common. There are.
thousands of other designs, some standard and some specific applications,
but all perform the same basic function. Essentially further types of bearings’
usually take all or some of the characteristics of the above bearings and
blend them into one design. Through the use of careful material selection

Fig 3-6 taper roller bearing

and applying the correct degree of machining precision, a successful bearing

solution can usually be found.

NEW WORDS AND EXPRESSIONS

bearing n. L1 3

roll v. B3

rotate v. ﬁ%

slide . wah

friction n. REHE

bear ». ‘ R

radial load Aok
thrust load WHBRH

ball bearing R

roller bearing BB A
ball thrust bearing IR Bl A
roller thrust bearing 7 B T A
tapered roller bearing R4 T A

Lesson 4 Introduction to G*éars

Gear(fig 4-1) is a toothed machine part, such as a wheel or cylinder that meshes with another
toothed part to transmit motion or to change spe;:d or direction. Geats are a means of changing the
rate of rotation of a machinery shaft.

Mechanical engineers sometimes don’ t use gears and rely on the advent of electronic control
and the availability of toothed belts because gears for high power machinery are difficult to design.
Even though for high power machinery like autemotive transmission, gears are the optimal medium

6




Chapter 1  Mechanical principle 7

for high accuracy and low energy loss.

Gears are of several categories and can be combined in a multitude
of ways, some of which are meshing circular spur gears, rack and
pinion spur gears, and worm gears. Helical and herringbone gears :
utilize curved teeth for efficient, high-capacity power transmission.
Worm gears, driven by worms transniif motion bétween non-intersecting
right-angle axes. Gears mate or mesh via teeth with a very specific
geometry. ¢

Application-

Being important parts of a machine, gears have immense usage within various industries,

Fig4-1 gear

including automotive industries, coal plants industry, steel plants industry, paper industry, mining
industry etc. In these industries, they behold a wide area of application. They are used as
conveyors, elevators, kilns, separators, cranes and lubrication systems.

Gears are used for two basic purposes, increase or decrease of rotation speed and increase or
decrease of power or torque. Torque is a measure of a force to produce torsion and rotation about an
axis. To increase speed and reduce torque, a large drive gear is coupled to a smaller driven gear. To
reduce speed and increase torque, a small gear turning a larger gear is used. They are also used for
enhancement for positioning systems. - ‘

Gear geometry

The- essential features of a gear mesh are:

Center distance: The distance between the ‘centers of two pitch circles..

Pitch diameters: The tangent to two basic eircles is the line of contact in gear vernacular.
Where this line crosses the line of center establishes the pitch. The ratio of pitch diameters gives the
velocity ratio. ‘ ' , :

Pitch; It is a measure of tooth spacing aleng the pitch circle.

Number of teeth h

Pressure angle of the contacting involutes: The angle between the line of force between meshing
teeth and the tangent to the pitehl;:"ircle at the point of mesh.

NEW WORDS AND EXPRESSIONS

gear n. J2E

mesh v. . A e WA

toothed adj. 5 ' Ao, BERE
transmit v. : ' 15, f53% l
automotive transmission REB RS

spur gear i HiFEA LR

rack n. 5E 3

worm gear 5L o
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center distance = . . HUlBE
pitch cirdle SR
number of ieeth _ wWE
pressure arigle - ENA

Lesson 5 Introduction to Cams

A cam is a mechanical component of a machine that is used to transmit motion to another
component, called the follower, through a prescribed motion program by direct contact.

A cam mechanism consists of three elements: the cam, the follower (or follower system) , and
the frame. The follower is in direct contact with the cam. The cam may be of various shapes. The
follower system -includes all of the elements to which motion is imparted by the cam. This may be
connected directly to the follower, or connected through linkages and gearing. The frame of the
machine supports the bearing surfaces for the cam and for the follower.

Uses for cams:; _

The cam mechanism is a versatile one. It can be designed to preduce almost unlimited types of
motioning the follower. It is used to transform a rotary motion into oscillating motion. On certain
occasions, it is also used to transform one oscillating motion into a different oscillating motion.

Cams are used in a wide variety of automatic machines and instruments. Typical examples of
their usage include textile machineries, computers, printing presses, food processing machines,
internal combustion engines, and countless other automatic machines, control systems and devices.

The cam mechanism is indeed a very important component in modern mechanization.

cam operated valve

The most well known use of cams is in car
rocker shaft

engines. The cam operated valve system ( fig 5-1)

. . . h rod
can be found in modern car engines and incorporates a P

number of cams and the valves are opened by cams. Sppees
Cams can be conveniently classified into two
main groups:
Group a; Cams that impart motion to the follower ; z;’l:":g:i""
in a plane in line with the axis of rotation of the cam

(as does a cylindrical cam). Fig3-1  cam-valve mechanism
Group b: Cams that impart motion to the follower in a plane at 90 degrees to the axis of
rotation, as with face or edge cams. Most cams fall into this category.
The cam, as a means of producing a given type of motion, is simple and reasonable to design,
provided the simple principles are understood. Another advantage is that, generally, a cam can
easily be changed or modified to allow a change of motion; without interfering with the remainder of

the mechanism.




NEW WORDS AND EXPRESSIONS '

cam n. : ek
follower n. : B
frame n. : FEZE, PLER
versatile adj. ; BEHE, JTEEW
internal combustion engine PR
valve system BES LM
impart v. : 8T ER
push rod A
rocker arm B

petrol oil pump RME
plane n. - i)
interfere v. T, TH

Lesson 6 Introduction to Springs

A spring (fig 6-1) is a common load-sensitive, energy-storing device. It has an ability to
tolerate large deflections without failure and to recover its initial size and shape when loads are
removed. Thus it can change mechanical energy into deformation energy and can also change
deformation energy into mechanical energy. Springs have a wide use in many kinds of machines and

many instruments. G e

In fact, common springs have the following o B dl&; » & ‘
functions : ¥ . %ﬁ < 8t t“‘*

(1)Even out shocks and absorb vibration. (e. I £ 3 il
g. springs of suspension in a vehicle) ; o

(2)Stor ¢ and release energy (e. g
mainspring in clocks and watches) 5

(3)Measure load(e. g. spring balance) ;

(4)Control motion (e. g. springs in relief
valves ).

Springs can be classified in different ways. /

According to different materials, springs can be

divided into metal springs and nonmetal springs.

According to different shapes, they can be named Fig 6-1 spring

as helical springs, disc springs, circular springs, plate springs and so on. According to different
load bearing properties, springs can be defined as extension springs, compression springs, torsion

springs and bending springs.
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The materials of springs should have higher yield strength and fatigue strength, enough impact
toughness and good heat treatment properties. The common materials for springs are: high quality
carbon steel, alloy steels, stainless steels, copper alloys, rubbers and plastics.

Generally speaking, if a solid body recovers its original size and shape after deformed, it is said
to be elastic. And if the deflection of an elastic body is proportional to the load, we can say, the
body is linearly elastic and to satisfy Hooke’ s law (formula 6-1).

F=k-x : (Formula 6-1)

From the formula 6-1, we can get the conclusion that if the load is doubled the deflection is
doubled.

NEW WORDS AND EXPRESSIONS

spring n. L5 3
load-sensitive RN
energy-storing fERERY
deflection n. ’ BE, B W%
mechanical energy : L3Ik A
deformation energy KISIA:
even out . - 5-1H
helical spring ; B
disc spring LSz 5
‘plate spring wmE
extension spring EORLE:S 3
compression spring - EHRE
torsion spring R Eiih- 3

Lesson 7 Dimensions and Tolerances

Generally speaking, we all know the importance of the assembly and detail drawings. Because
they convey all necéssary information to the shop men before construction or manufacture-can begin.
Before the drawings are sent to the shop, the designer is often called upon to check the drawings.

Why should the drawings be carefully checked? Can you guess? Yes, the dimensioning of the
drawings should be done in a manner that will be most convenient and understandable to the
production departments.

Then can you guess why tolerances must be placed on the dimensions of drawings? We use-them
to limit the permiésible variations in size because it is impossible to manufacture part exactly to a
given dimension.

In dimensioning a drawing, the numbers placed in the dimension lines represent dimension that
are only approximate and do not represent any degree of accuracy. To specify a degree of accuracy,
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