Mechanical Systems
& Structures

Name
Class
Teacher

Learning Intentions
o
o
o
o
o
o
o
o

To understand how structures are used in the world today
To understand basic gear and drive systems
To understand the basics of lever systems
To get a basic knowledge of the workings of a range of simple
everyday engineered objects.
To gain knowledge of key facts related to mechanical systems
To know how mechanisms can create motion transfer
Be able to explain the examples of motion in mechanical systems
To know the purpose of an idler gear and jockey wheel

Success Criteria
o I can understand and can describe the various parts of a structure
o I am able to apply knowledge and understanding of key
engineering facts and ideas
o I can apply skill in analysis, design, construction and evaluation
to a range of straightforward Engineering Concepts
o I am able to apply critical thinking when evaluating the quality
and effectiveness of my own and other peoples products and
systems
o I am able to use knowledge of mechanisms and drive systems in
a practical means
o I can explain the following terms using diagrams to help: linear,
reciprocating, rotary and oscillating
o I can convert motion using different devices such as levers

To access video clips that will help on this course
go to www.youtube.com/MacBeathsTech
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What is a Mechanical System?
A mechanism is a system of moving parts that changes an input
motion and force into a desired output motion and force.
Mechanisms are a large part of modern society. Most of the
mechanisms are that we use everyday are so familiar that we never
think twice about them, for example door handles, light switches,
scissors.

Mechanisms play a vital role in industry. While many industrial
processes now have electronic control systems, it is still mechanisms
that provide he muscle to do the work. They provide the forces to
press sheet steel into shapes of car body panels, to lift large
components from place to place
and to force power hacksaws to
cut through metal bars – the list
is endless. It is only by using
mechanisms that industry can
make products you use every
day.

All mechanisms must:






Involve some kind of motion
Involve some kind of force
Make a job easier to do
Need some kind of input to make them work
Produce some kind of output
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Motion
There are four basic kinds of motion.
Rotary
Turning in a circle. This is the most common
type of movement, for example wheels, clock
hands, compact discs, CD-ROMs.

Linear
Movement in a straight line, for example
movement of a paper trimmer cutting a straight
edge on paper or a lift moving between floors.

Reciprocating
Backwards and forwards movement in a straight
line, for example the needle in a sewing machine
or the piston in a car engine.

Oscillating
Swinging backwards and forwards in an arc, for
example the pendulum of a clock, a
playground swing or a rocking horse.
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Task 1
What types of motion do the following sports or leisure activities show
when they are being used or carried out?
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Task 2
The machines and tools that are used in your practical rooms in school
use all types of motion.
1. Work out the motion for the tools below

2. The 4 types of motion are below. In each column list as many
tools for each type of motion below as you can.
Rotary
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Linear

Reciprocating

Oscillating

Force
Forces affect structures in a variety of different ways depending on how
they are applied to the structure. Forces can move a structure slightly
or cause damage by changing the shape of the structure.
Sometimes when forces are applied to a structure, it may be almost
impossible to see changes happening. For example, a bridge will sag
when a vehicle drives over it, but this is not visible to the human eye.
Forces can stop an object from moving or they can make it change
direction.
Forces are measured in Newtons and the symbol is the letter ‘N’.
Static Forces
When static loads or forces are applied to
structures, the structures do not normally
move. Normally the total downwards
force comprises the weight of the structure
plus the load it is carrying. The runner
below is in his starting position; his weight
is a static or stationary downwards force.

Dynamic Forces
When dynamic loads or forces are applied to a
structure, the structure does move and the forces
applied can be varied. The effects of dynamic
forces are visually more noticeable and are
produced by a variety of means and effects:
machines, wind directions, people, etc. The
picture below shows the sprinter after the starting
gun has been fired; he is creating a dynamic
impact to gain momentum.
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Bending Forces
Structures that carry loads across their length are
subject to bending forces. The weight lifter lifts a
loaded bar and feels the effect of the downwards
force of the load, these cause the bar to bend.
Shear Forces
Shear forces can be described as tearing or
cutting forces affecting structures. Simple
examples are a pair of scissors used to cut a
ribbon at an opening ceremony and a mower
cutting the grass.
Torsion Forces
Torsion forces have the effect of trying to turn or twist a
structure or a piece of material. A screwdriver being twisted to
apply a force, a screw and a spanner turning a bolt to lock it
into place are examples of torsion force being applied.
Compression Forces
The figure below shows a column with a weight pressing down on it,
but the column does not disappear into the ground because the
ground exerts an upwards reaction force upon the
column’s base. The downwards pressure of the weight and
the upwards reaction are external forces trying to squash or
shorten the column. Forces that act like this are called
compressive forces and the column is said to be in
compression.
Tension Forces
We have noted that compression occurs when things are being pushed
together. The opposite of compression is tension – when a structure is
being pulled apart. In a tug of war, the two sides are pulling the rope in
opposite directions. The forces applied by the teams are called tensile
forces and causes the rope to
be in tension. It could also be
said that the arms of the team
members are in tension.
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Levers
The figure below shows a lever system. The large boulder is too heavy
to move by pushing it. By using a small boulder as a pivot point and a
branch as a lever, it is possible to amplify the force applied to the rock.
The further from the pivot the effort is applied, the easier it is to move
the large rock or load.

When a weight is attached to one side of a lever to assist the user, it is
known as a counter balance.
A universal systems diagram of a lever is shown.
INPUT FORCE
INPUT MOTION

OUTPUT FORCE

LEVER SYSTEM

OUTPUT MOTION

The point that a lever pivots about is called a fulcrum. A line diagram
of a lever is shown below.
The input force is called the effort and the input motion is the distance
moved by the effort.
The output force is called the load and the output motion is the
distance moved by the load.

The lever is a force multiplier and is normally used to get a large
output force from a small input force.
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Class of Levers
Levers can be divided up into 3 distinct types (classes) determined by
the position of the load, effort and fulcrum. Applications of their uses
are found almost everywhere, from the home or school to equipment
on the space shuttle. The classes of levers are as follows.

Class 1
This is the simplest to understand;
the longer the crowbar the easier it is
to prise open the lid.

Class 2
A wheel barrow is a good example of a class 2 lever, the wheel
is the fulcrum, the load is in the
container area and the effort is
applied to the handles.

Class 3
This is similar to class 2 levers except that now the
effort is closer to the fulcrum than the load. This
type of lever is used when a
large output movement is
required from a small input
movement. An example is
fishing.

This can be remembered by using the acronym F.L.E.
The letter stands for whatever part is in the middle
1 – Fulcrum
2 – Load
3 – Effort
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Gears
Gears are toothed wheels designed to transmit rotary motion and
power from one part of a mechanism to another. They are fitted to
shafts with special devices called keys (or splines) that ensure that the
gear and the shaft rotate together. Gears are used to increase or
decrease the output speed of a mechanism and can also be used to
change the direction of motion of the output.
Simple Gear Train
Gears work by interlocking or meshing
the teeth of the gears together as
shown. When 2 or more gears are
meshed they form a gear train. The
input gear which causes the system to
move is called the driver and the
output gear is called the driven.

Idler Gear
To get the driven gear to rotate in the
same direction as the driver a third gear
is inserted in the system. The idler gear
has no effect on the speed of the driven
gear wheel.

Compound Gear Trains
If gears are required to produce a very large change in speed, for
example 100:1 then problems can arise with the size
of gear wheels if a simple gear train is used. The
problem can be overcome
by mounting pairs of gears
on the same shaft as shown.
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Task 3
Use Focus on Mechanisms to investigate simple gear trains.

Remember to select the ‘show marker’ option to get the white arrows
on your screen.
Try different sizes of gears and investigate how this affects their speed.

Task 4
Use Focus on Mechanisms to investigate idler gears and compound
gears trains.

Look at what happens at each stage of the gear system.
Which way do the gears turn?
What happens if you change the size of a gear?
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Ratchet and Pawl
A wheel with saw shaped teeth round its
rim is called a ratchet. The ratchet wheel
usually engages with a tooth shaped lever
called a pawl. The purpose of the pawl is to
allow rotation in one direction only and
prevent rotation in the opposite direction.

Worm and wheel
Another way of making larger speed
reductions is to use a worm and wheel. The
worm, which looks rather like a screw thread,
is fixed to the driver shaft (sometimes directly
onto the motor shaft). It meshes with a worm wheel, which is fixed to
the driven shaft. The driven shaft runs at 90’ to the driver shaft.
You should think of the worm wheel as a gear with only 1 tooth. This
allows a huge reduction in speed which takes up very little space.
Worm and Nut
The worm gear is fixed so that when it
spins, it moves the block. This transmits
the motion through the gear. This allows
for a big change in speed and increased
torque
Bevel gears
Bevel gears, like worm wheels, use shafts at 90’
to each other. A whisk which uses bevel gears
to change the direction motion through 90’ as
does the gears in a wind turbine.

http://www.bbc.co.uk/schools/gcsebitesize/design/systemscontrol/mechanismsrev6.shtml
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Belt Drives
To make rotary motion useful it has to be transmitted from one part
of a machine to another, often with
a change in speed. Connecting too
many gears together can result in
large efficiency losses through
friction.
A simple way of transmitting this motion would be to use a belt
wrapped around 2 pulleys, the belt can be
tightened or tensioned by pulling one of the
pulleys out and locking it in place. The belt
should be angled to give better grip to
prevent the belt from slipping.
Changes in direction can be achieved by crossing over the belts.
An advantage of using a belt drive is
that it allows slippage in machines
where you wouldn’t want for
example a motor to stop or possibly
V
Flat
cease because the belt won’t turn.
Belt
Belt

Toothed
Belt

Toothed belts
Belt drives tend to use their ability to slip to their advantage, however
where slippage would damage a
mechanism toothed belts have
been developed that retain the
advantages of normal belts but
do not slip.
Chain belts
Where large forces have to be transmitted and there can be no slippage
allowed chain drives are used. Instead of a pulley a toothed wheel
known as a sprocket is used to drive a chain.
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CAMS
A cam is a specifically shaped piece of material, which can be used to
change an input rotary motion to an output motion that is oscillating
or reciprocating.
The cam operates by guiding the motion of a follower held against the
cam, either by its own weight or by a spring. As the cam rotates the
follower moves. The
way that it moves
and the distance it
moves depends on
the cam’s shape and
dimensions.
Cam Motion
Pear-shaped cams are often used for controlling valves. For example
they are often used on motor-car cam shafts to operate the engine
valves.
A follower controlled by a
pear-shaped cam remains
motionless for about half a
revolution; during the other
half revolution of the cam the
follower rises and falls. As the
pear-shaped
cam
is
symmetrical, the rising motion is the same as the falling motion.
When the follower is not moving we
call this the dwell part of the cam.
In a car engine, cams are fixed on a
camshaft. As each cylinder has two
valves, an inlet and an exhaust valve,
there are two cams on a camshaft for
each cylinder as shown.
http://www.bbc.co.uk/schools/gcsebitesize/design/systemscontrol/mechanismsrev4.shtml
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Crank & Slider
Crank & slider mechanisms
involve changes between rotary
and reciprocating motion. The
crank rotates while the slider
reciprocates.
The longer the
crank the further the slider will
move.

Reciprocating motion to rotary motion
Car engines use reciprocating pistons,
which are connected to a crankshaft by
connecting rods. As the piston moves
up and down the connecting rods push
the crankshaft round. Each piston moves
down in turn so keeping the crankshaft
turning.

Rotary motion to reciprocating motion
A power hacksaw uses an electric motor to power a crank, which is
connected to a saw frame. The saw frame is free to slide on the arm.
As the crank rotates it causes the frame
to slide backwards and forwards on the
arm. The longer the crank the further
the saw frame will move.
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Rack & Pinion
A rack & pinion mechanism is used to transform rotary motion into
linear motion, or linear motion into rotary motion. A round spur
gear, the pinion, meshes with a rack that can be thought of as a spur
gear with teeth set in a straight line.
Gear wheels are normally
made from metal or plastic.
Plastic gears have the
advantage that they are
much quieter running and
need less lubrication.

Couplings
Rotary machines employ a variety of methods of transmitting motion
from one part of a machine to another. The motion is often
transmitted through shafts, which are round metal rods. To connect
shafts we can use two types of couplings, flange and muff. If shafts are
not aligned (centres do not match up) we can use flexi-coupling or
universal joints.
Bearings
Parts of mechanisms that slide over each other use flat bearings, which
can be made from brass or bronze and replaced when they are worn.
Split bearings are designed
to wear, it stands to
reason that they must be
able to be removed and
replaced.
Ball and roller bearings change the action of rubbing to that of rolling.
These bearings are used in high speed, high force applications.
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Clutches
Clutches are devices that allow two rotating shafts to be connected and
disconnected. There are two types of clutch, the positive clutch and
the friction clutch. A dog
clutch is a positive clutch
and has four interlocking
block on one shaft that
can be interlocked with 4
on the other shaft. A
simple friction clutch
relies on two plates to
transmit the power from
one shaft to another.

Task 5
Simulate the rack and pinion using Focus on Mechanisms.

What is the change in motion for this system?

Where would a gear system like this be used?
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Task 6
Simulate the rest of the gear systems (bevel, mitre, worm, helical)
using Focus on Mechanisms.

Consider the type of motion, speed and direction of the gears.
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Mechanical Symbols
Description

Symbol

Description

Linear
Rotational

Reciprocating

Symbol

Description

Belt Drive

Torsion
Spring

Chain Drive

Torsion
Spring

Oscillating
Fly Wheel

Simple Gear
Train

Fulcrum
Lever &
Fulcrum

Simple Gear
Train
Governor

Shaft

Bearings
Ratchet

Bevel Gears

Pump

Worm &
Wheel

Coupling

Flexible
Coupling

Compression
Spring
Tension
Spring

CAM
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Symbol

