
Module 5: Robotics Technology 
Extended Background

You have heard of the word “robots” during all your live; however you do not heard about the word “robotics” to often. In this section we are going to cover the basis concepts of robotics. Let star with a definition of the word itself; Robotics is a science of modern technology of general purpose of programmable machine systems. Contrary to the popular fiction image of robot as ambulatory machines of human appearance capable of performing almost any task.  Most robotic systems are anchored to fixed positions in reality with limit mobility.  Robots perform a flexible, but restricted, number of operations in computer-aided manufacturing processes. These systems minimally contain a computer or a programmable device to control operations and effecters, devices that perform the desired work. The next paragraph represents the vision or general definition of robots according to the scientific knowledge and technology of that era.

General definition for Robot
"A re-programmable, multifunctional mechanical manipulator designed to move material, parts, tools, or specialized devices through various programmed motions for the performance of a variety of tasks."
-- From the Robot Institute of America, 1979

This is the most important issue that educators, parents and students are being questioning for a while  why is robotics important for my child? 
The response is simple Robotics  is a science that combines a range of fields like Mechanical Engineering, Electrical Engineering, and Computer Science. Robotics is ideal for adolescent students because it exposes them to hands-on applications of math, science, and engineering concepts. In addition, robotics motivates potential scientists and engineers to understand how things work and encourages them to use their imagination to create new technologies and improve old technologies.  The next part of this extended background should cover the main components of a robot including some basic concepts for third to fifth grade. 
Now a day thinks are getting sophisticated with more technological advance. A new perception and vision of the robot representation includes the following characteristics:
Robot Components:
· Mechanical platforms -- or hardware base is a mechanical device, such as a wheeled platform, arm, fixed frame or other construction, capable of interacting with its environment and any other mechanism involve with his capabilities and uses.
· Sensors systems is a special feature that rest on or around the robot. This device would be able to provide judgment to the controller with relevant information about the environment and give useful feedback to the robot. So it is able to perform his task.

· Joints provide more versatility to the robot itself and are not just a point that connects two links or parts that can flex, rotate, revolve and translate. Joints play a very crucial role in the ability of the robot to move in different directions providing more degree of freedom.

· The Controller process sensory input in the context of the device's current situation commanding the robot position and orientation of the tool or any part correctly in space at all times. In other words, it is a computer used to command the robot memory and logic. So it, be able to work independently and automatically. The controller functions as the "brain" of the robot. Robots today have controllers that are run by programs - sets of instructions written in code.

· Power Source is the main source of energy to fulfill all the robots needs. It could be a source of direct current as a battery, or alternate current from a power plant, solar energy, hydraulics or gas.
· Artificial intelligence represents the ability of computers to "think" in ways similar to human beings. Examples might be reasoning, adaptation, decision making, and learning from mistakes. At present, artificial intelligence has a long way to go before machines can be considered truly "smart." Present day "AI" does allow machines to mimic certain simple human thought processes, but can not begin to match the quickness and complexity of the brain. On the other hand, not all robots possess this type of capability. It requires a lot of programming and sophisticates controllers and sensorial ability of the robot to reach this level. 
Like I wrote before, one of the most interesting aspects of robots in general is their behavior, which requires a form of intelligence. The simplest behavior of a robot is locomotion. Typically, joints and wheels are used as the underlying mechanism to make a robot move from one point to the next. 
This type of motion should include the adaptability and versatility of the robot to continue with a specific task. Adaptability means adjustment to the task being carried out. In other words, the robot should be able to complete its process no matter what interferences might occur in the workplace. Versatility means that the robot should have such a mechanical structure that it can carry out different tasks or perhaps the same task in different ways. This means that an installed robot should be able to be used when the production is changing, i.e. if the production is changing through the changes of the original product or the product is being exchanged. 
History

The word "robot" has its origin from the German word "robat". This word survived in the Polish and Czeckish languages as "robota" and means compulsory labor. It appears that the science fiction writer Isaac Asimov was the first to use the word "robotics" to describe robot technology. 

The first robots
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Major applications of industrial robots for (1997)

Joseph Engel Berger, in the picture, is entitled to be the father of robotics, together with George Deroe developed the first commercial robot, Unimate, in 1961. It was placed on Ford and was there used for a press-loading operation. A picture of the first generation robots from Unimate can be seen in the picture below.

       Joseph Engel Berger
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The first robots were principally intended to replacing humans in

 monotonous, heavy and hazardous processes. Distinctive features of the use of the newly developed robots were in handling of materials and work pieces without direct control or participation in the manufacturing process. Robots did not become a major force in industry generally until they had been used extensively in the Japanese automobile industry.                                Unimate
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Fig. 1 Shows the percentage of applications of robots at the industry during 1997

In the above paragraph the authors put into the picture the word mechanical manipulator but what this physically means? Mechanical manipulator is a device that consists of a base frame, rigid or flexible links, and joints, tool frame attached to the end effector or gripper. The following figure provides a better perception of a Mechanical Manipulator.
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Fig.2 Mechanical Manipulator parts and reference frames

Physical Robot configurations

Over the years robot manufacturers have developed many types of robots of differing configurations and mechanical design, to give a variety of spatial arrangements and working volumes. These have evolved into six common types of system: Cartesian, Cylindrical, Spherical, SCARA (Selective Compliance Assembly Robot Arm), Articulated arm, and Parallel Robots. 

“Workspace envelope” is one of the new terms that are going to be covered in the following table. It really describes how the robot is constrained by its mechanical systems configuration. Each joint of a robot has a limit of motion range. By combining all the limits, a constrained space can be defined. A workspace envelope of a robot is defined as all the points in the surrounding space that can be reached by the robot. The area reachable by the end effector itself is usually not considered part of a work envelope. Clear under standing of the workspace envelope of a robot to be used is important because all interaction with other machines, parts, and processes only takes place within this volume of space.
	Physical Configurations
	Model
	Workspace Envelope

	Cartesian robot it is form by 3 prismatic joints, whose axes are coincident with the X, Y and Z planes. These robots move in three directions, in translation, at right angles to each other.
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	Cylindrical robot is able to rotate along his main axes forming a cylindrical shape.

The robot arm is attached to the slide so that it can be moved radially with respect to the column.
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	Spherical robot is able to rotate in two different directions along his main axes and the third joint moves in translation forming a hemisphere or polar coordinate system. 

It used for a small number of vertical actions and is adequate for loading and unloading of a punch 
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	SCARA robot which stands for Selective Compliance Assembly Robot Arm it is built with 2 parallel rotary joints to provide compliance in a plane. The robots work in the XY-plane and have Z-movement and a rotation of the gripper for assembly.
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	Articulated robots are mechanic manipulator that looks like an arm with at least three rotary joints. They are used in welding and painting; gantry and conveyor systems move parts in factories. 
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	Parallel robot is a complex mechanism which is constituted by two or more kinematics chains between, the base and the platform where the end-effector is located. Good examples are the flying simulator and 4-D attractions at Univ. Studios
	[image: image13.png]



	[image: image14.png]





Types of robots according his application 

Various robots are quite simple mechanical machines that perform a dedicated task such as spot welding or assembly operations a repetitive nature task. Besides more complex, multi-task robots systems use sensory systems to gather information needed to control its movement. These sensors provide tactile feedback to the robot so it is able to pick up objects and place them properly, without damaging them. A further robot sensory system might include machine visualization to detect flaws in manufactured supplies. Few robots used to assemble electronic circuit boards can place odd-sized components in the proper location after visually locating positioning marks on the board. 

Simple mobile robots are used to deliver mail or to gather and deliver parts in manufacturing. They are program to follow the path of a buried cable or a painted line, stopping whenever their sensors detect an object or person in their path. Other complex mobile robots are used in more unstructured environments such as mining. 
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Types of robots according his application                             Picture
Industrial Robots are found in a variety of locations including the automobile and manufacturing industries. However, robot technology is relatively new to the industrial scene their roll consists of welding, painting, material handling and assembling.
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Educational Robots one example is the Hex Avoider. 

It is a programmable mobile robot designed to move independently and avoid obstacles. Hex avoider use infrared emitters and receivers to sense its environment. Their roll is demonstrational for teaching basic concepts and gets the attention of future engineers to this field.
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Mobile Robots (Transportation) these types of robot operate by control remote deploying sensor position. Their roll consist of sampling payloads, mapping surface and creating a photorealistic 3D models and sent back any kind of visual information of building interiors and any environmental data.
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Robots in Space are name as Remotely Operated Vehicle (ROV). It can be consistent with an unmanned spacecraft that remains in flight or a lander that makes contact with an extraterrestrial body and operates from a stationary position, or a rover that can move over terrain once it has landed.
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Agricultural Robots one example is the Demeter harvester it contains new controllers, proximity sensors, safeguards and task software specialized to the needs of commercial agriculture processes.
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Health Care Robots they are able to perform simple task and improve some medical protocol and procedures. An example is the daVinci’ Robotic Surgical System. It is a manipulator guided by surgeon’s hands placed in the robotic console, it increased the precision movements, provides top-quality clinical outcomes and is cosmetically superior to open surgery, decrease blood loss and postoperative complications; and decrease the length of hospital stay.  
Degrees of freedom

A degree of freedom is also a term that was cover on page number two and it can be defined as the direction in which a robot moves when a joint is actuated. Each joint usually represent one degree of freedom. Most of the robots used today use five or six degrees of freedom. But this depends on the robot application, for example a pick-and-place application need only three axes specified when a welding robot requires five or six degrees of freedom. Six degrees of freedom are necessary to emulate the motion of a human arm and wrist.

	Types of joint links of a manipulator mechanism
	Diagram

	Rotary or revolute joints, these are the most utilized joint and it rotates along the pin as an axis.
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	Prismatic or Sliding joints, these are the second most employed joint and just slide causing a translation movement.
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	Spherical joints, these are the third most utilized joint and just slide causing a revolving movement.
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	Screw joints, these just follow the thread of the axis in spiral to move along the axis.
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	Cylindrical joints, these are very rare and are use in some equipment like Parallel Robots or Flying simulator Mechanism.
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Robotics Sensors

The word sensor comes from the word sense and it is originate from the Middle French sens, sensation, feeling, and mechanism of perception. It consists of a mental process (as seeing, hearing, or smelling) due to immediate bodily stimulation often as distinguished from awareness of the process. In other words is the way that humans or living things recognize their environment or surroundings. To improve the performance of the robots it must be able to sense in both ways their internal and external states (the environment) to perform some of the tasks presently done by humans. A sensor can be described as a measurement device that can detect characteristics through some form of interaction with these characteristics. Currently several sensors are applied to robots on factory floors, and this fact increases the flexibility, accuracy, and repeatability of robots. Also, much more accurate and intelligent robots are expected to emerge with the newly developed sensors, especially visual sensors. 
Vision provides a robot with a sophisticated sensing mechanism that allows the machine to respond to its environment in an intelligent and flexible manner. I think that you really wonder how this information is gathered by robots.  First of all, this sensorial perceptions or measurements are gathered by electronic signals, or data that sensors could provide with a limited feedback to the robot so it can do its job. Most robots of today are nearly deaf and blind, compared to the senses and abilities of even the simplest living things. Although proximity, touch, and force sensing play a significant role in the improvement of robot performance. However, vision is recognized as the most powerful robot sensory capability. 
Robot vision may be defined as the process of extracting, characterizing, and interpreting information from images of a three-dimensional world. This process, also commonly referred to as computer or machine vision, may be subdivided into six principal areas:  sensing, preprocessing, segmentation, description, recognition, and interpretation. It is convenient to group these various areas according to the sophistication involved in their implementation. The major drawback is the accuracy of this images and interpretations. It is required to combine this potential with tactile sensors to provide a better insight of the contact part more accurately than that provided just with the robot vision.
Sensors can be classified in different ways. In the following, some typical robotics sensors are introduced. 
Description of Different Type of Sensors
A proximity sensor senses and indicates the presence of an object within a fixed space near the sensor without physical contact. Different commercially available proximity sensors are suitable for different applications. A common robotics proximity sensor consists of a light-emitting-diode (LED) transmitter and a photodiode receiver. The major drawback of this sensor stems from the dependency of the received signal on the orientation and reflectance of the intruding object. This drawback can be overcome by replacing proximity sensors with range sensors.
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A range sensor measures the distance from a reference point to a set of points in the scene. Humans can estimate range values based on visual data by perceptual processes that include comparison of image sizes and projected views of world-object models. Basic optical range-sensing schemes are classified according to the method of illumination (passive or active) and the method of range computation. Range can be sensed with a pair of TV cameras or sonar transmitters and receivers. Range sensing based on triangulation has the drawback of missing data of points not seen from both positions of the transmitters. This problem can be reduced, but not eliminated, by using additional cameras. 
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A third type of senior is given by an acoustic sensor that senses and interprets acoustic waves in gas, liquid, or solid. The level of sophistication of sensor interpretation varies among existing acoustic sensors, frequency of acoustic waves and recognition of 
isolated words in a continuous speech.
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A force sensor measures the three components of the force and three components of the torque acting between two objects. In particular, a robot-wrist force sensor measures the components of force and torque between the last link of the robot and its end-effector by transducing the deflection of the sensor's compliant sections, which results from the applied force and torque. 
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A touch sensor senses and indicates a physical contact between the object carrying the sensor and another object. The simplest touch sensor is a micro switch. Touch sensors can be used to stop the motion of a robot when its end-effector makes contact with an object.
Researchers are also developing tactile pressure sensors for robots. Whereas vision may guide the robot arm through manufacturing operations, it is the sense of touch that can allow the robot to perform delicate gripping and assembly. Tactile sensors can provide position data for contacting parts more accurately than that provided by vision. 
Simple Robotics Mechanics
What is a machine?

Is a device that transmits, or changes the application of energy to do work. It allows the multiplication of force at the expense of distance.  Work is defined as a force applied through a distance.

Simple machines:

Simple machines have existed and have been used for centuries. Each machine makes work easier to do. Each of them provides some trade-off between the force applied and the distance over which the force is applied.

Driving mechanisms

· Levers

· Gears and Chain

· Pulleys and Belts

· Gearbox

This module will include the following simple machines and will provide a simple explanation how they interact with robotics design:

LEVERS

A lever is a stiff bar that rotates about a pivot point called the fulcrum. The lever consists of three parts. The fulcrum (see triangle base), load (it acts on the rod) and a rod (holds the load or applied effort). Levers are classified into three classes. Depending on where the pivot point is located, a lever can multiply either the force applied or the distance over which the force is applied.

Levers are classified into three classes:
1. First Class Levers

2. Second Class Levers

3. Third Class Levers
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A First Class Levers that has a turning point between the apply force and the load. A seesaw is an example of a simple first class lever. A pair of scissors is an example of two connected first class levers.
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A Second Class Levers has his load between the pivot and the apply force. A wheelbarrow is an example of a simple second class lever. A nutcracker is an example of two connected second class levers.
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On a Third Class Levers the effort is between the pivot and the load. A stapler or a fishing rod is an example of a simple third class lever. A pair of tweezers is an example of two connected third class levers.
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GEARS
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Gears and chains are mechanical platforms that provide a strong and accurate way to transmit rotary motion from one place to another, possibly changing it along the way. The speed change between two gears depends upon the number of teeth on each gear. When a powered gear goes through a full rotation, it pulls the chain by the number of teeth on that gear.

	


In the above picture if both gears were in movement the smaller gear spins twice as fast as the larger gear because the diameter of the gear on the right is twice that the gear on the left. The gear ratio is therefore 2:1 pronounced, ("Two to one").The axis of rotation of the smaller gear is to the left of the axis of rotation for the larger gear. This gear ratio is directly proportional with the amount of torque in other words the bigger gear generates a torque magnitude of two times bigger than the small gear. But the speed rotation is inversely proportional to this ratio. In simple way the gear that spins twice as fast generates the lowest torque.
Gears are generally used for one of four different reasons:

1. Reverse the direction of rotation.

2.  Increase or decrease the speed of rotation or torque.
3. Shift a rotational motion to a different axis.

4. To keep the rotation of two axes synchronized.

PULLEYS

	Pulleys and belts are two types of mechanical platforms used in robots; work the same principle as gears and chains. These kinds of pulleys are wheels with a groove around the edge, and belts are the rubber loops that fit in that groove.
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In addition to the pulley describe on the previous paragraph they are other types of pulleys that are made up of a rope or chain and a wheel around which fits the rope. When you pull down on one end of the rope the other end goes up. 
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There are three types of pulley and they are classified by its movement. The first type is a fixed pulley that is attached permanently to a surface or place. This type of pulley uses more effort to lift the load from the ground. 
The second type is a movable pulley that is free to travel along the rope or chain path following the load direction. The movable pulley allows the effort to be less than the load weight. The movable pulley also acts as a second class lever.
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The following picture shows the third kind of pulley and is called combined pulley. It diminishes the effort needed to lift huge loads dropping this effort in less than half of the load weight.
GEARBOX

	It operates on the same principles as the gear and chain, but without the chain. Gearboxes require closer tolerances, since instead of using a large loose chain to transfer force and adjust for misalignments, the gears mesh directly with each other. Examples of gearboxes can be found on the transmission in a car, the timing mechanism in a grandfather clock, and the paper-feed of your printer.
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The above picture shows a Bevel Differential Modulation Gearbox of coaxial design where the power can be applied either from the input side shaft or through the bevel differential. This gearbox has a gear ratio of two to one onto the modulation bevel wheel, permanently connected to the worm wheel, to the output shaft.
The following diagram shows an engineering assembly of all components or parts for a “KD Speed Modulation Gearbox”.
	Part # 
	Spare part name
	KD

	
	
	

	1
	Casing
	1

	11
	Output Shaft Bearing Cap
	2

	12
	Locking Cap
	1

	13
	Planet Carrier
	1

	14,16
	Bevel Gear
	2

	15
	Bevel Planet Gear
	2

	18
	Bevel Gear Shaft
	1

	19
	Shaft
	1

	26
	Disk
	2

	37
	Worm Wheel
	1

	39
	Worm Wheel Shaft
	1

	41
	Bearing Sleeve
	2

	45,46
	Ball Bearing
	2

	50
	Axial Needle Bear
	2

	51
	Housing Washer
	2

	52
	Shaft Washer
	2

	53
	Axial Needle Bear
	2

	54,57
	Housing Washer
	4

	55,58
	Shaft Washer
	4

	56
	Axial Needle Bear
	2

	62 to 65
	Needle Bearing
	9

	73
	Shaft Nut
	1

	75
	Tab Washer
	1

	78 to 81
	Radial Seal
	2

	84,85
	Screw
	12

	88
	Screw Poly Lock
	2

	89
	Countersunk Screw
	6

	92 to 96
	Fitting Key
	5

	98, 99
	Plug
	6

	101
	Oil Gauge with Seal
	1

	103,104,106,110
	O-Ring
	11
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Fig.3 Shows a KD Speed Modulation Gearbox Blue Print Assembly
Electric Motor
An Electric Motor is a machine which converts electric energy into mechanical energy. 
When an electric current is passed through a wire loop that is in a magnetic field, the loop will rotate and the rotating motion is transmitted to a shaft, providing useful mechanical work. The traditional electric motor consists of a conducting loop that is mounted on a rotational shaft. The electrical current fed in by carbon blocks, called brushes, and enters the loop through two slip rings. The magnetic field around the loop, supplied by an iron core field magnet, causes the loop to turn when current is flowing through it.

A variety of electric motors provide power to robots, allowing them to move material, parts, tools, or specialized devices with various programmed motions. The efficiency of a motor describes how much of the electrical energy utilize is converted to mechanical energy.
The difference between Direct Current (DC) and Alternating Current (AC) electric current is the way that electrons travel in the wire connections.
1. Alternating Current (AC): is the type of electricity that we get from plugs in the wall. In an alternating current all of the electric charges switch their direction of flow back and forth.
2. Direct current (DC): is the continuous flow of electricity through a conductor such as a wire from high to low potential. The direct current electric charges flow always in the same direction. 
Different types of motors 
1. Direct Current (DC) motor

In this motor a device known as a split ring commutator switches the direction of the electric current at each half of the rotation of the rotor. This is due to keep the shaft motion direction unchanged. In any motor the stationary parts constitute the stator, and the assembly carrying the loops is called the rotor, or armature. As it is easy to control the speed of direct-current motors by varying the field or armature voltage, these are used where speed control is necessary.

2. Brushless DC Motors

This kind of motor is constructed in a reverse fashion from the traditional form. The rotor contains a permanent magnet and the stator has the conducting coil of wire. By the elimination of brushes, this motor reduced maintenance, no spark hazard, and better speed control. They are widely used in computer disk drives, tape recorders, and other electronic devices. 
3. Alternating Current (AC) motor

This kind of motor works with the electrical current flow in the laminate core loop. The electrical current is synchronized to reverse direction when the laminate core loop plane is perpendicular to the magnetic field and there is no magnetic force exerted on the loop. This cause a momentum on the laminate core loop carries it around until the current is again supplied and a continuous motion results. In alternating current induction motors the current passing through the loop does not come from an external source but is induced as the laminate core passes through the magnetic field. The speed of AC induction motors is set roughly by the motor construction and the frequency of the current. To control the motor speed it’s necessary to use a mechanical transmission. In addition, each different design fits only one application. However, AC induction motors are cheaper and simpler than DC motors. To obtain greater flexibility, the rotor circuit can be connected to various external control circuits. 
4. Synchronous AC Motors
This motor is designed to operate exclusively on alternating current and is essentially identical to the generator. A generator uses work to produce electric energy while a motor uses electric energy to produce work. If you connect a synchronous AC motor to the power line and let it turn, it will draw energy out of the electric circuit and provide work. But if you connect that same motor to a light bulb and turn its rotor by hand, it will generate electricity and light the bulb. In addition, the more work the motor does, the more electric energy it consumes. Likewise, the more work you do on the motor, the more electric energy it produces.
How this motor works?

The rotor is a permanent magnet that spins between two stationary electromagnets. In this case the electromagnets are powered by alternating current, their poles reverse with every current reversal. The rotor spins as its north pole is pulled first toward the upper electromagnet and then toward the lower electromagnet. Each time the rotor’s is about to reach stationary electromagnet, the current reverses. This cycle maintain the rotor mechanism turns endlessly.

Because its rotation is perfectly synchronized with the current reversals, this motor is called a synchronous AC electric motor. These motors follow the cycles of the power line exactly and thus keep excellent time. AC motors are only used when a steady rotational speed is essential. When a Synchronous AC Motor’s coils become hot when large currents flow through them. Whether a motor is consuming or producing electric power, it will overheat and burn out when it handle too much current. Failures of this type occur in overloaded motors and power plant generators during periods of exceptionally high electric power usage. Circuit breakers are often used to stop the current flow before it can cause damage

5. Universal Motors

This intermediate motor works on either direct or alternate electric current. In fact a DC motor can not tolerate alternate current. On the other hand it will simply vibrate once alternate current take place. A real AC motor can not tolerate direct electric current because it depends on the electrical line’s to reverse the current direction flow going back and forth and keeps the rotor moving.
However, if you replace the permanent magnets of a DC motor with electromagnets and connect these electromagnets in the same circuit as the commutator and rotor, you will have a universal motor.  This motor will spin properly when powered by either direct or alternating current. If you connect direct current to a universal motor, the stationary electromagnets will behave as if they were permanent magnets and the universal motor will operate just like a DC motor. Since the universal motor always turns in the same direction, regardless of which way current flows through it, it will works just fine with alternate current power. Most home appliances with small motors have a universal motor that runs on either DC or AC. For example in kitchen we have cake mixers, blenders, and utility room we have vacuum cleaners.
A simple motor has eight parts, as shown in the diagram below: 
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Armature or rotor: is a set of electromagnets. The armature is a set of thin metal plates stacked together, with thin copper wire coiled around each of the three poles of the armature. This structure supports the conductors that cut the magnetic field and carry the exciting electric current in a motor.
2. Commutator: a series of bars or segments so connected to armature coils of a generator or motor that rotation of the armature will in conjunction with fixed brushes result in unidirectional current in the reversal of the current into the coils in the case of a motor.
3. Brushes: are the lifelines of the motor and allows the electric current to flow into the rotor once it touches one of these plates and leaves the rotor through a second brush that touches the other plate use.  They get worn and burnt.

4. Axle or drive shaft: Is the mechanism in charge of transmitting the torque from the motor to any other mechanism that requires power to realize a work.   

5. Electric Coil: is a set of Cooper windings that goes around the armature it provides the pathway for the electric current around the DC motor. 
6. Cooper winding is characterize by a single wire use to build the electric coils use on a motor.  
7. Field magnet: is a magnet for producing and maintaining a magnetic field especially in an electric motor.
8. Power supply: of some sort DC (direct current) source such as a battery, and motors which are powered by an AC (alternating current) source.

Table 1 Enumerate the basic Direct Current Power Supplies uses in robotics

	Size
	NEDA
	IEC
	Description

	AAA
	24A
	LR03
	Smallest of the command sizes

	AA
	15A
	LR6
	Most popular small battery, typically used in packs of 2 or 4

	C
	14A
	LR14
	Small flashlight battery, large toys

	D
	13A
	LR20
	Largest common battery

	9v
	1604A
	6L-R61
	Rectangular with clip-on connector


Electric Circuits Schematics
Students should be aware of the importance of an electric circuit, especially in their everyday life. However, the circuits that they will experiment are not quite the same circuits that they use in their home. When we connect various components together with electric wires, we create an electric circuit. The electrons must have a voltage source that is supply by a Power Source (Battery, Alternator, Generator, etc.) to create their movement. The electrons path configuration is responsible for the way that circuits are name nowadays. There are two main types of current electric circuits, series and parallel. A third type can be obtained as a combination of the two basic type of circuit and it can be name as a series-parallel circuit. A simple series circuit is attached; to a single pathway where the electric current will flow. In a series circuit, when one of the bulbs or one of the wires is left open or is broken, the entire circuit breaks. Christmas lights are usually set as a simple series circuit and you have to search for the defective bulb. On the other hand a parallel circuit is structure with different pathways, which are attached in a parallel style. A parallel circuit is designed so if one branch is defective, the flow of electricity will not be broken to the other branches. These individual branches keep the flow of electrons for different circuit components. Both series and parallel connection have their own distinctive characteristics. A series-parallel circuit is more often use in building, houses and other commercial structures. It combines the characteristics of the first two types of circuits. 
They are three different circuit types; Series Circuit, Parallel Circuit, and Series-Parallel Circuit all require the same basic components:
1. Power Source (Battery, Alternator, Generator, etc.)
2. Protection Device (Fuse, Fusible Link, or Circuit Breaker) 
3. Load Device (Lamp, Motor, Winding, Resistor, etc. 
4. Control (Switch, Relay, or Transistor) 
5. Conductors (A Return Path, Wiring to Ground)
** Note: More detail in formation is including on first lesson of Electrical Circuit schematics.  
Circuit Symbols

Circuit symbols are used in circuit diagrams to show how a circuit is connected together electrically. They are used for designing and testing circuits, and understand how they work. 

 To build a circuit you need a diagram that shows the layout of the components on printed circuit board. A circuit a board is the one that takes care of all the individual components.

	Wires and connections

	Component
	Circuit Symbol
	Function of Component

	Wire
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	To pass current very easily from one part of a circuit to another.

	Wires joined
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	This symbol is used in circuit diagrams where wires cross to show that they are connected (joined). The 'blob' is often omitted at T-junctions, but it is vital to include it at crossings.

	Wires not joined
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	In complex circuit diagrams it is often necessary to draw wires crossing even though they are not connected. The 'hump' symbol shown on the right demonstrates that they are not connected.

	Power Supplies

	Component
	Circuit Symbol
	Function of Component

	Battery
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	Supplies electrical energy. A battery is more than one cell.

	DC supply
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	Supplies electrical energy.

	AC supply
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	Supplies electrical energy.

	Lamps, Heater, Motor, Bell, Buzzer

	Component
	Circuit Symbol
	Function of Component

	Lamp 
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	A transducer which converts electrical energy to light. This symbol is used for a lamp providing illumination, for example a car headlamp or torch bulb.

	Lamp (indicator)
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	A transducer which converts electrical energy to light. This symbol is used for a lamp which is an indicator, for example a warning light on a car dashboard.

	Heater
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	A transducer which converts electrical energy to heat.

	Motor
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	A transducer which converts electrical energy to kinetic energy (motion).

	Bell
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	A transducer which converts electrical energy to sound.

	Buzzer
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	A transducer which converts electrical energy to sound.

	Resistors, Capacitors

	Component
	Circuit Symbol
	Function of Component

	Resistor
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	A resistor restricts the flow of current, for example to limit the current passing through an LED. A resistor is used with a capacitor in a timing circuit.

	Capacitor
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	A capacitor stores electric charge. A capacitor is used with a resistor in a timing circuit. It can also be used as a filter, to block DC signals but pass AC signals.

	Diodes

	Component
	Circuit Symbol
	Function of Component

	Diode
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	A device which only allows current to flow in one direction.

	Audio Devices

	Component
	Circuit Symbol
	Function of Component

	Microphone
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	A transducer which converts sound to electrical energy.

	Earphone
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	A transducer which converts electrical energy to sound.

	Loudspeaker
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	A transducer which converts electrical energy to sound.

	Switches

	Component
	Circuit Symbol
	Function of Component

	Push Switch
(push-to-make)
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	A push switch allows current to flow only when the button is pressed. This is the switch used to operate a doorbell.

	On-Off Switch
(SPST)
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	SPST = Single Pole, Single Throw.
An on-off switch allows current to flow only when it is in the closed (on) position.

	2-way Switch
(SPDT)
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	SPDT = Single Pole, Double Throw.
A 2-way changeover switch directs the flow of current to one of two routes according to its position. Some SPDT switches have a central off position and are described as 'on-off-on'.

	Meters 

	Component
	Circuit Symbol
	Function of Component

	Voltmeter
	[image: image45.png]



	A voltmeter is used to measure voltage. 
The proper name for voltage is 'potential difference', but most people prefer to say voltage!

	Ammeter
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	An ammeter is used to measure current.

	Ohmmeter
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	An ohmmeter is used to measure resistance. Most multi-meters have an ohmmeter setting.

	Other Symbols

	Transformer
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	Two coils of wire linked by an iron core. Transformers are used to step up (increase) and step down (decrease) AC voltages. Energy is transferred between the coils by the magnetic field in the core. There is no electrical connection between the coils.

	Fuse
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	A safety device which will 'blow' (melt) if the current flowing through it exceeds a specified value.

	Aerial
(Antenna)
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	A device which is designed to receive or transmit radio signals. It is also known as an antenna.

	Earth
(Ground)
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	A connection to earth. For many electronic circuits this is the 0V (zero volts) of the power supply, but for mains electricity and some 


Acoustic Sensor  





Range Sensor








The AR200 line is the most compact series of triangulating laser displacement sensors. Four modules cover metric measurement ranges from 6 to 50 millimeters.








Optical proximity sensors








Force Sensor or 


Strain Gage








Magnetic proximity sensors
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