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 CHAPTER 13
Mechanical engineering

 1   what is mechanical engineering? 
•
Mechanical engineering is a branch of engineering that focuses on the design, production, analysis, working and improvement of technical objects with moving parts (p. 426).

 2   LINKING IN TECHNICAL OBJECTS 
•
A link holds two or more parts of the same technical object together (p. 427).

•
In mechanics, a component is a part or fluid that performs a mechanical function (p. 427). 

•
Linking is the mechanical function performed by any component that connects different parts 
of a technical object (p. 427).

•
Every link displays four basic characteristics: direct or indirect, rigid or flexible, removable or non-removable, and complete or partial (pp. 427–428).

•
There are six possibilities of independent motion: three translational motions and three rotational motions, in relation to the three axes commonly used to define dimensions 
(x, y and z) (p. 429).
•
The degrees of freedom are the set of independent movements that are possible for a given part in a technical object (p. 430). 
 3   GUIDING CONTROLS
•
Guiding is the mechanical function performed by any component that controls the motion 
of one or more moving parts (p. 431).

•
A guiding component or control is a component whose mechanical function is to guide the motion of moving parts (p. 431).

•
There are three main forms of guiding: translational, rotational and helical (p. 431).

•
Translational guiding ensures the straight translational motion of a moving part (p. 431).

•
Rotational guiding ensures the rotational motion of a moving part (p. 432).

•
Helical guiding ensures the translational motion of a moving part while it rotates about the same axis (p. 432).

•
Adhesion is the phenomenon by which two surfaces tend to remain in contact with each 
other without slipping (p. 433).

•
The strength of adhesion between two surfaces depends mainly on five factors:

· the nature of the materials in contact

· the presence of a lubricant

· temperature

· the state of the surfaces in contact

· the perpendicular force exerted by one surface on another (p. 433)
•
In mechanics, friction is a force that resists the slipping of one moving part over another (p. 433). 
•
Lubrication is the mechanical function performed by any component that reduces friction between two parts (p. 434).

 4   MOTION TRANSMISSION SYSTEMS
•
Motion transmission is the mechanical function of relaying a motion from one part to another without altering the nature of the motion (p. 435).

•
A motion transmission system is a set of components that perform the function of transmitting motion (p. 436).

•
Any mechanical system contains a driver (component) and at least one driven component. Some systems also contain an intermediate component (p. 436).

•
The most common motion transmission systems are:

· gear trains
· chain and sprocket systems
· worm and worm gear systems
· friction gear systems 

· belt and pulley systems (p. 436)

•
In mechanical engineering, a system is described as reversible when a driven component can become a driver, and vice versa. Of the common motion transmission systems, only the worm and worm gear system is irreversible (p. 437).

•
In a gear train:

· The teeth of all the gears in the system must be identical. They must have the same shape and direction and be equally spaced.

· When rotational axes are parallel, straight gears are commonly used. When the axes are perpendicular, bevel gears are preferred.

· The higher the number of teeth, the lower the speed of rotation (p. 438).
•
In a chain and sprocket system:

· The teeth on the system sprockets must be identical. 

· The chain links must mesh easily with the sprocket teeth. 

· The system requires frequent lubrication to avoid the rapid wear of the teeth and chain.

· The smaller a sprocket, the faster it turns (p. 439).
•
In a worm and worm gear system:

· The groove of the worm must fit the gear teeth so that they can mesh.

· The driver (to which the force is applied) must be the worm (p. 440).
•
In a friction gear system:

· Straight, bevel and spherical friction gears may be positioned along parallel, perpendicular 
or other rotational axes.

· The larger the diameter of a gear, the slower its rotation.

· Friction between gears must be high. For this reason, the gear rims must be made of materials that adhere well to one another (p. 441).
•
In a belt and pulley system:

· Pulleys must contain a groove where the belt can fit. The groove must be smooth to prevent damage to the belt. 

· The belt must adhere to the pulleys to avoid slipping as much as possible. 

· The smaller a pulley, the faster it turns (p. 441).
•
A speed change occurs in a motion transmission system when the driver does not turn at the same speed as the driven component or components (p. 442).

•
In a worm and worm gear system, the greater the number of teeth on the gear, the greater the decrease in speed (p. 442).

•
In friction gear systems and belt and pulley systems: 

· There is an increase in speed when motion is transmitted from one gear or pulley to a gear or pulley of smaller diameter.

· 
There is a decrease in speed when motion is transmitted from one gear or pulley to a gear or pulley of larger diameter.

· There is no change in speed when motion is transmitted between two gears or pulleys of the same diameter (p. 443).
•
In gear trains and chain and sprocket systems:

· 
There is an increase in speed when motion is transmitted from one gear or sprocket to another with fewer teeth.

· There is a decrease in speed when motion is transmitted from one gear or sprocket to another with more teeth.

· There is no change in speed when motion is transmitted between two gears or sprockets with the same number of teeth (p. 443).
•
To find out the ratio of a speed increase or decrease in a motion transmission system, the ratio between the gear diameters or between the numbers of teeth on the gears must be calculated (p. 443).

•
Torque involves two forces of equal strength but applied in opposite directions, which cause a component to rotate about an axis (p. 445).
•
Engine torque increases the rotational speed of components in mechanical systems (p. 445).
•
Resisting torque slows or stops the rotation of components in mechanical systems (p. 445).

 5   MOTION TRANSFORMATION SYSTEMS
•
Motion transformation is the mechanical function of relaying a motion from one part to another while altering the nature of the motion (p. 445).

•
The most common motion transformation systems are:

· rack and pinion systems 

· screw gear systems

· cam and follower systems

· slider-crank mechanisms (p. 446)

•
In a rack and pinion system:

· The teeth on the rack and on the pinion must be identical.

· The system requires frequent lubrication to prevent wear.

· The greater the number of teeth on the pinion, the slower its rotation (p. 447).

•
There are two types of screw gear systems that can transform motion: 
· In the first type, the screw is the driver, and its rotational motion is transformed into the translational motion of the nut.

· In the second type, the nut is the driver, and its rotational motion is transformed into the translational motion of the screw (p. 448).

•
In the first type of screw gear system: 

· The nut must be connected to the screw in such a way that the nut cannot rotate.

· The threads of the screws and nuts must match (p. 448).

•
In the second type of screw gear system:

· The nut must be fixed in such a way that its only possible motion is rotational.

· The threads of the screws and nuts must match (p. 448).

•
In a cam and follower system:

· The follower must be guided in its translational motion. 

· The shape of the cam determines how the follower will move. 

· A device such as a return spring is usually necessary to keep the follower in continual contact with the cam (p. 448).

•
Special cams called eccentrics are sometimes used in cam and follower systems. The rotational axis of cams is centred, while in eccentrics, the rotational axis is off-centre (p. 449).

•
In a slider-crank mechanism: 

· The connecting rod contains two bushings to attach it to the crank and piston.

· The cylinder must guide the part moving in translation.

· The system requires frequent lubrication (p. 449).
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