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I-Introduction
Servo Motor is used for motion control in robots, hard disc drives, etc. Generally designed more like an alternator than a standard motor, most Servos need special control circuits to make them rotate. Some can be used in reverse to generate alternating current. 
However, before getting into depth with servo motors, I should first determine what a motor is and introduce some of its most important kinds. A motor is a machine which converts electric energy into rotating motion. The dictionary definition of motor is broader than that but when engineers and mechanics talk about motors they are almost always talking about rotating motion. 
II-Electric motors
The electric motor is based on the principle of electromagnetism and uses the Lorentz law. When current flows through a wire it produces a magnetic field. The right hand rule is used to describe the magnetic field and to find the direction of the force. When the thumb points in the direction of the current and the fingers point in the direction of the external magnetic field, then the force experienced by the conductor is in the outward direction from the palm.

Michael Faraday’s experiments used to convert electrical energy to mechanical energy, in 1821. Electric current supplied from the power lines can only be used directly in heating, lighting and other applications. To use this power to run devices like pumps, automobiles, domestic appliances and machine tools, the electrical energy must be converted to mechanical energy, which rotates shafts and gear trains.

Electric motors are available in three basic types of horsepower (hp) ratings: small, medium and large. Small motors are made to produce fractional hp of 1/20 to 1 hp. Medium motors are available in the range of 1 to 100 hp and large motors are available in ratings of 100 to 50,000 hp. Power is expressed in kilowatts (1 kW = 1.33 hp; 1 hp = 746 W). Standard frequencies at which motors operate are 50 or 60 Hertz.

An electric motor has a rotating part called the rotor and a stationary part called the stator. Electromagnets called poles are wound on the frame called the armature. When current is passed, the rotor rotates due to the torque generated by the wires and the magnetic field. The rotation is transferred to a shaft which transfers its rotation energy to any device that is attached to it. Major types of electric motors are DC motors (direct current), AC motors (alternating current) and Universal motors that can operate on either AC or DC current. Each category is an industry by itself and has many different sub-types.
II-1.Universal motors
Can use both DC and AC current and are commonly used in vacuum cleaners, food mixers, blenders, small power tools and hair dryers and other appliances that operate at high speed but are not used continuously. They are a variant of the wound DC motor and special care is taken to cover the impedance and reluctance of AC motors. Thyristors or stepped speed control circuits are used for continuous speed control.
II-2.DC motor
 Dc motor uses direct electrical current (DC) as the source of its energy. DC motors provide momentary power bursts of up to five times the rated torque. The speed can be brought down to zero smoothly and immediately raised in the opposite direction without any power interruption.

DC motors have an electromagnet with two poles, which serve as a rotating armature. A commutator or rotary switch is used to reverse the current direction twice in each cycle. This causes the poles of the electromagnet to push and pull against the external permanent magnets. When the poles of the armature pass through the poles of the permanent magnet, the commutator reverses the polarity of the armature. The inertia maintains the current direction at the instance when polarity is switched.
II-3.Major types of DC motors
A-Brushless DC Motors: 
These motors are used to drive CD-ROM spindles, fans, office products like Xerox machines, lasers and also in expensive aircraft models. They have a permanent external rotor magnet; three phase driving coils and Hall Effect devices that sense rotor position. They are more efficient than AC motors, do not produce excessive heat and last longer since there is no commutator. 
B-Limited-Angle Torque Motors: 
These are special type of brushless DC motors and the torque is produced within 180 degrees of rotation. They are used in: direct laser mirrors, servo valves, open shutters used in heat-seeking sensors, position missile guidance radar antennas and power systems where the degree of rotation is small. The rotor carries field magnets and the stator carries the armature winding.
C-PM DC Motors:
These are small motors that produce about 50% greater torque than other comparably sized motors. Magnets are made of Samarium-cobalt and the torque ripple is greatly reduced. 
D-Coreless DC Motors:
In these motors, there is no iron core, thus giving a low mass and higher acceleration and deceleration. The stator is made of a cylindrical permanent magnet that is placed in a housing made of mild steel. Rotors are wound in a honeycombed pattern to increase the torque. The commutator is made of gold, platinum and other precious metals. They are used to drive Capstan in magnetic tape drives and in high-performance servo-controlled systems. 
E-Linear DC Motors:
These are used in Maglev super fast trains and produce a linear force. It has a stator and a slider. The stator has a laminated steel frame with conductors wound in transverse slots. The slider has sets of magnets, commutators, a bearing surface and it makes a path of magnetic flux between the magnets
II-4.AC motors
The AC motor played a very important role in the rapid growth of industrialization. An AC motor has two main parts, a fixed external stator and an internal rotor. The stator has coils through which AC current flows and it produces a rotating magnetic field. The rotor is attached to the output shaft and gets a torque by the rotating magnetic field.

Based on the type of rotor, there are two major types of motors: synchronous motors and induction motors. The synchronous motor rotates at the frequency of the input current or its fractions. The induction motor can turn at lower speeds than the input frequency it is designed with squirrel cage rotor or a wound rotor.

A common differentiator is the number of phases of the motor. Single-phase motors use a single discrete waveform while two and three phase motors use two and three discrete poly-phase waveforms that are spaced 180 and 120 degrees apart, respectively. 
II-5.Major types of AC motors

A-Single-phase AC induction motors: 
In this type of motor, only one discrete waveform is used. It has a rotating magnetic field to create the starting torque. These are used in devices like fans, washing machines, clothes dryer and other small household appliances. Important types are shaded pole motors and split phase induction motors. 
B-Three-phase AC induction motors:
These are used in high power applications. The phase difference between the three discrete waveforms of the input poly-phase creates a rotating magnetic field. They are the workhorses of the industry and are used in heavy-duty electrical networks, locomotives and other applications. Using the principles of electromagnetic induction, current is induced in the conductors of the rotor by a rotating magnetic field. This creates a counterbalance field that makes the rotor turn in the direction of the magnetic field. The rotor rotates at a slower speed than the magnetic field. After start up these motors will work even if one phase is disconnected. 
     C-Single-phase AC synchronous motors:
These motors rotate in a synchronous manner with the main current frequency. They have magnetized rotors and do not need an induced current. This prevents backward slippage against the main frequency which makes them very accurate. They are used in audio turntables, mechanical clocks, tape drives, telescope drive systems, strip chart recorders and other applications. 
     D-Three-phase AC synchronous motors:
These motors provide high and accurate performance and are used in traction motor applications and in TGV locomotives. Connections to the rotor coils are given on slip rings and a separate field current is given. This produces a continuous magnetic field that causes the rotor to rotate synchronously with the rotating magnetic field. These motors can also be used as alternators. To reduce starting problems, the motors are driven by transistorized variable frequency drives or with squirrel cage winding with a common rotor. 
II-6.Special motors

These are used for special applications like powering instruments, gear motors, toothless motors, etc. They can be customized for a specific use and cost less than the standard motors with the same power rating. 
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The design is similar to three-phase AC synchronous motors and is a hybrid of a DC motor with solenoid. They have an internal rotor with permanent magnets that is controlled by external magnets which are operated electronically. The motor does not rotate continuously but steps from one position to another when the windings are activated and deactivated in a sequence. This allows them to turn forwards or backwards. They are used in sophisticated positioning drives and in servo controlled systems.
B-Motor Starters:
These motors are used to start up large motors that require a very high starting torque. Major types are full-voltage single speed, reduced voltage single-speed, and multi speed motors. The starters may apply full or reduced voltage to motor windings. In addition, circuits like primary reactors, primary resistors, autotransformers, part winding and wye-delta starters can also be used. 
C-Gear Motors:

A gear motor is a motor with an attached set of gears driving a secondary drive shaft. Practical motor designs result in motors that spin too fast for most uses. As a result, almost all gear sets are used to "gear down" the motor. The geared down drive shaft spins slower than the direct motor drive shaft. The geared down drive shaft also spins "harder".
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Gear motors have an integrated gear train and the motor output is used to drive the gears. There are two main types of gear motors AC and DC gear motors. Other types of gear motors are: single, multiphase, servo, universal, induction and synchronous. 
C-1.AC Gear Motors: 
These types of motors run on alternating current. They have three windings in series for the stator, a rotor and an integral gearbox. A changing magnetic field makes the rotor rotate on the motor axis. 

C-2.DC Gear Motors: 
They come in two types, brushless and servo. It has a rotor, a stator with permanent magnets and a gearbox. The magnetic field is generated by permanent or electromagnets. They are used in applications with variable torque and speed. 

Gear motors are selected by the speed of the shaft, continuous torque, current, output power and other specifications. Other specifications include the gear ratio, types of gears and the maximum torque transferred at the output shaft.

Motor speed is generally measured in revolutions per minute (RPM). Rotating force is called torque, measured in Newton-meters Nm. Remember that the higher the number of gears the harder the motor turns. Gearing down a motor reduces its RPMs (speed) but increases its torque. Conversely, gearing up a motor increases its RPMs but decreases its torque.

Gears are generally contained within a housing that protects the gears from interference and which provides a bearing surface for the various gear shafts and drive shafts. The term gear box generally refers to the entire system of gears, shafts, bearings and housing.

When you apply energy to a motor it spins as fast and hard as its design allows for that energy level and output load. If you increase the energy supply it spins faster and harder. If you attach a load the motor will slow down. If you continue increasing the load it slows ever more until the motors capability to work is exceeded. When the extreme load causes the motor to stop it is said to be stalled. Reducing the load causes the motor spin faster. If you entirely remove the load the motor is said to be "free running" and operates at its maximum speed for that input energy level.

Because of the influence of the load, you cannot absolutely control the speed of the motor by controlling the input energy level. If you need to precisely control the motor speed you must consider the load. Because it is difficult to measure load, the most practical way to precisely control motor speed is to directly measure the speed. A device which detects the rotation of a shaft is called a shaft encoder. By counting rotations for a period of time you can determine motor speed.
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II-7.Servo motor
     A servo is a motor with a control unit. It takes requests for specific movement and attempts to satisfy the request. Some servos accept speed commands and attempt to move at the requested speed regardless of load. Other servos accept location commands and attempt to rotate the output shaft to a particular position. A "servo motor" is generally the motor, the gear box and regulating electronics. A servo motor has two inputs: an energy source for the motor and a command source to tell it what to do.
Servomotors are special types of geared motors. They are compact, provide more power and have finer controls. They use integral devices like encoders, tachometers for feedback and accurate position control and an integral gear train. They are used on accurate CNC machine systems. Major types of servomotors are AC and DC. 
A-DC Servo Motor: 
The output shaft can be positioned with a coded signal to the motor. With changes in the motor input, the angular output shaft position also changes. Permanent magnets have zero slip loads and provide higher, constant and continuous torque at the output shaft. 
B-AC Servo Motor: 
AC servo motors are synchronous motors with permanent magnets. They have low torque to inertia ratios which gives them higher acceleration. They are available in single and three phases. Three phase motors give higher efficiency and a smoother drive. 
II-8.Considerations for Motors
An unambiguous understanding of your requirements will greatly help you choose what kind of motor is best for the situation. Consider the following factors when choosing motors: 

· Thoroughly understand the power requirements including all auxiliary devices and systems. Motors should not be run beyond their rated load, as they will burn out. 

· Motors generate a lot of heat, so be sure to provide adequate cooling mechanisms. 

· Providing a clean and dry area for the motor prevents breakdowns and also saves lives. 

· Motor components like brushes, commutators, windings, etc. wear out over a period of time. This leads to reduced output and life expectancy. Motors have to be shut down at the first sign something is malfunctioning. 
II-9.Motor Specifications
    Nominal voltage is the input voltage used when determining the other published specifications. Ratings for speed, torque and other critical motor characteristics are meaningful only for a specific input voltage and load. The numbers you see are based on some specific voltage, the nominal voltage. Some motor data sheets have detailed charts that help you predict performance over a broad range of input voltages and loads. That can be too much detail for a manufacturer to guarantee. Lower cost motors tend to have listed ratings at only one or two specific input voltages and just the minimum and maximum load.

Operating voltage range defines the minimum and maximum voltages at which the motor can be expected to perform usefully. In theory, you can apply whatever voltage you want to a motor. At lower voltages the motor spins slower and with less torque. At some low voltage it does not have enough torque to turn at all. At higher voltages the motor spins faster with more torque but also generates more heat which eventually causes the motor to fail. The operating voltage range defines the lowest voltage that will reliably spin the motor with enough torque to be useful and the highest voltage that provides a reasonable operating life and safe operating conditions.

Torque defines the "pushing power" or force of the motor. Force can only be measured when pushing against something that pushes back equally hard. The motor torque specification is really a measurement of the force pushing back against the motor. The torque specification is for the maximum torque provided by the motor at the nominal voltage. This torque is provided just as the load, the force pushing back causes the motor to grind to a halt. This is called stalling the motor.

The unit of measurement for torque has two components: distance and force. The distance component is required because transferring rotational force involves leverage. A motor can push something close to its hub harder than something further away.

Operating Current defines the amount of electrical energy actually used by the motor. Free running current is the current drawn when the motor is held in the air with no load pushing back against the motor. Stall current is the current drawn when enough load is applied to just bring the motor to a halt. This is the load referenced in the torque specification.

Note that the motor is not actually moving when it provides its maximum torque and draws its maximum current. This is also when a motor is generating its maximum heat. That is why stalled motors are often associated with blown fuses, damaged control electronics and the acrid smell of burning motor windings.

Motor speed varies with both input voltage and load so high intensity graphing is required to fully define a motor's speed characteristics. This complexity is often abandoned in favor of a single number which is generally the free running speed at the nominal voltage.

Gear ratio describes the degree of "gearing down" (or up) that occurs in the gear box. The gear ratio is only relevant for gear motors and is one of the least useful specifications that are commonly published. The ratio is usually in a form like 240:1 which indicates that for every 240 revolutions of the motor output shaft the gearbox output shaft will make one revolution. This is usually the only specification for gear motors that specifically addresses the raw motor output instead of the gearbox output.
III-SERVO MOTORS
III-1.Introduction to Servo Motors

A servo motor is a dc, ac, or brushless dc motor combined with a position sensing device (e.g. a digital encoder). In this section, our discussion will be focused on the three-wire DC servo motors that are often used for controlling surfaces on model airplanes. A three-wire DC servo motor incorporates a DC motor, a gear train (limit stops beyond which the shaft cannot turn a potentiometer for position feedback) and an integrated circuit for position control. 

Of the three wires protruding from the motor casing, one is for power, one is for ground, and one is a control input where a pulse-width signals to what position the motor should servo. As long as the coded signal exists on the input line, the servo will maintain the angular position of the shaft. As the coded signal changes, the angular position of the shaft changes.

Servos are extremely useful in robotics. The motors are small and are extremely powerful for their size. It also draws power proportional to the mechanical load. A lightly loaded servo, therefore, doesn't consume much energy.
A servo motor has attached a position feedback device. Generally there is a circuit that allows the motor to be commanded to go to a specified "position". A very common use of servos is in Radio Controlled models. 
III-2.Servo theory and characteristics
Servo amplifiers are part of a closed loop control system having characteristics that are desirable for controlling an assembly positioning system. An ideal servo amp possesses the following features:
· Constant Velocity

· Ability to maintain a speed dictated by the velocity command input. 
A tachometer input is used to generate a proportional error signal equal to the difference between the velocity command and the actual motor speed. This signal is proportional (scaled) to the motor speed and will approximate the motor speed. Providing opposition to the servo motor shaft will generate an error signal in the tachometer circuit by subtracting the velocity command from the tachometer signal, this error is added to the original velocity command and forces the servo motor to maintain the original speed. This can be demonstrated by loading the shaft of the servo motor when it is being driven at a moderate speed, the motor will maintain its speed while the HVDC supply current increases.
A-Infinite Acceleration

The theoretical servo amplifier must be able to provide infinite acceleration; this can be seen by abruptly starting and stopping the servo motor. The actual servo system has a critically damped response; infinite acceleration is traded off for damping necessary to prevent oscillation.
B-Linear response

The servo amplifier will respond proportionally to changes in the velocity-input command (a - 10V to +10V signal). The servo amplifier uses the analog velocity command to drive the amplifier at any speed from reverse to forward. The amplifier controls the motor speed by varying the duty cycle (PWM) of the drive transistors (transistors operate as switches).
C-Hold Position

The servo amplifier must be drive the servo motor in such a way so that the motor can hold a position regardless of inertia from a previous movement or any external force that may push on the table in its axis. The servo amplifier will actually oscillate (critically damped) whenever the velocity command is zero volts (assuming the amplifier is offset-nulled). The oscillation is actually the fwd and rev bridge drivers alternating to hold a position. The servo amplifier may have a gain selector (switch) and must be set according to the servo motor used. Mismatching the gain will create an under-damped response and cause excessive oscillation when the velocity input is zero. Actual tachometer signal from a tachometer on the motor assembly or the actual motor terminal voltage can be the source of tachometer feedback.
D-Overload protection

Drive current is sensed using a low resistance (0.1 ohm resistor) current to voltage circuit on each side of the drive bridge, when excessive current is sensed (high voltage drop) the amplifier will trip the solenoid breaker by energizing it.
E-Travel Protection

Limit switches on the table positioning system are depressed whenever the table is driven to extremes, these limit switches are located on the machine at opposite ends of each axis travel. The limit switches are wired to their respective servo amplifiers, when activated (low); the servo amplifier will be disabled. The servo amplifier will also activate the e-stop output to signal the machine controller of trouble, the e-stop signal is also used to interrupt the 36 VDC power to the servo amplifiers.
F-R/C Servos

R/C Servos come in standard "sizes" (so that they fit models) and uses similar control schemes. Unlike general purpose motors, R/C servos are constrained from full rotation. Instead they have a limited rotation of about 180 degrees or less.
A typical R/C servo looks like a rectangular box with a motor shaft coming out of one end and a connector with three wires out of the other end. The three wires are V+, Control, and Ground. R/C servos typically run on 4.8v but they often work with voltages between 4 and 6 volts. The control line is used to position the servo. In an R/C model, this line is attached to the radio receiver, on robots it is usually attached to the processor. 

R/C Servos are controlled by sending them a "pulse" of variable width. The parameters for this pulse are that it has a minimum width, a maximum width, and a repetition rate. These values are not "standard" but there are conventions that are generally accepted. The convention is that a pulse of approximately 1500 US (1.5 ms) is the "neutral" point for the servo. Given the rotation constraints of the servo, neutral is defined to be the position where the servo has exactly the same amount of potential rotation in the counter clockwise direction as it does in the clockwise direction. It is important to note that different R/C servos will have different constraints on their rotation but they  all have a neutral position, and that position is always around 1500 US. 

These servos are "active" devices, meaning that when commanded to move they will actively hold their position. Thus, if a servo is commanded to the neutral position and an external force is present to push against the servo the servo will actively resist being moved out of that position. The maximum amount of force the servo can exert is the torque rating of the servo. Servos will not hold their position forever though; the position pulse must be repeated to instruct the servo to stay in position. The maximum amount of time that can pass before the servo will stop holding its position is the command repetition rate. Typical values for the command repetition rate are 20 - 30 ms; you can repeat the pulse more often than this, but not less often. When this timeout expires and there hasn't been another pulse the servo de-energizes the motor. In this state in can be pushed out of position and it will not return to the commanded position. 

When the pulse sent to a servo is less than 1500 US. The servo positions and holds its output shaft some number of degrees counterclockwise from the neutral point. When the pulse is wider than 1500 US the opposite occurs. The minimal width and the maximum width of pulse that will command the servo to turn to a valid position are functions of each servo. Different brands, and even different servos of the same brand, will have different maximum and minimums. Generally the minimum pulse will be about 1000 US wide and the maximum pulse will be 2000US wide. However, these are just guidelines and should be checked on the servos you use. In particular if you attempt to command a servo past its maximum or minimum rotation it will use the maximum amount of current trying unsuccessfully to achieve that position. 

Another parameter that varies from servo to servo is the slew rate. This is the time it takes for the servo to change from one position to another. The worst case slewing time is when the servo is holding at the minimum rotation and it is commanded to go to maximum rotation. This can take several seconds on very high torque servos. Typically it takes less than two seconds. 
G-Servo Construction

Servos are constructed from three basic pieces, a motor, a feedback device, and a control board. In R/C servos the feedback device is typically a potentiometer. The motor, through a series of gears, turns the output shaft and the potentiometer simultaneously. The potentiometer is fed into the servo control circuit and when the control circuit detects that the position is correct, it stops the motor. 

The typical R/C servo varies most in its internal mechanics from other servos and this is generally the difference between "good" and "lousy" servos. The servo mechanism subsystems are the motor, the gear train, the potentiometer, the electronics, and the output shaft bearing. In the motor department however you can get smaller and larger motors which affect the overall size of the servo. 

The potentiometer is the feedback device and often the first thing to fail. If it gets dirty, or the contacts get oxidized, the servo will fail to work properly, sometimes by "jittering or hunting" since the feedback is inaccurate, or turning completely to one side and drawing lots of current since the servo doesn't know where its output shaft is pointing. 

The last subsystem is the output shaft bearing. Cheap servos invariably have a plastic on plastic bearing that will not take much load. Medium priced servos generally have metal on metal bearings that stand up better under extended use and expensive servos have ball bearings which work best.
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H-Working example
The servo motor has some control circuits and a potentiometer that is connected to the output shaft. The potentiometer allows the control circuitry to monitor the current angle of the servo motor. If the shaft is at the correct angle, then the motor shuts off. If the circuit finds that the angle is not correct, it will turn the motor the correct direction until the angle is correct. The output shaft of the servo is capable of traveling somewhere around 180 degrees. 

Usually, it's somewhere in the 210 degree range, but it varies by manufacturer. A normal servo is used to control an angular motion of between 0 and 180 degrees. A normal servo is mechanically not capable of turning any farther due to a mechanical stop built on to the main output gear. The amount of power applied to the motor is proportional to the distance it needs to travel. 

So, if the shaft needs to turn a large distance, the motor will run at full speed. If it needs to turn only a small amount, the motor will run at a slower speed. This is called proportional control. How do you communicate the angle at which the servo should turn? The control wire is used to communicate the angle. The angle is determined by the duration of a pulse that is applied to the control wire. 

This is called Pulse Coded Modulation. The servo expects to see a pulse every 20 milliseconds (.02 seconds). The length of the pulse will determine how far the motor turns. A 1.5 millisecond pulse, for example, will make the motor turn to the 90 degree position (often called the neutral position). If the pulse is shorter than 1.5 ms, then the motor will turn the shaft to closer to 0 degrees. If the pulse is longer than 1.5ms, the shaft turns closer to 180 degrees.
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As you can see in the picture, the duration of the pulse dictates the angle of the output shaft (shown as the green circle with the arrow). Note that the times here are illustrative and the actual timings depend on the motor manufacturer. The principle, however, is the same.
I-Servo Mechanism 

A servomechanism or servo is an automatic device which uses error-sensing feedback to correct the performance of a mechanism. The term correctly applies only to systems where the feedback or error-correction signals help control mechanical position or other parameters. For example an automotive power window control is not a servomechanism, as there is no automatic feedback which controls position; the operator does this by observation. By contrast the car's cruise control uses closed loop feedback, which classifies it as a servomechanism.

On the other hand, the line between servo control and negative feedback is in general blurred in the context of cybernetics, where it is thought that a human being can actually serve as a part of a servo loop, and that quite a number of human behaviors can be explained as being instances of such control within the context of the organic world.

Servomechanisms may or may not use a servomotor. For example a household furnace controlled by thermostat is a servomechanism, yet there is no closed-loop control of a servomotor.

A common type of servo provides position control. Servos are commonly electrical or partially electronic in nature, using an electric motor as the primary means of creating mechanical force. Other types of servos use hydraulics, pneumatics, or magnetic principles. Usually, servos operate on the principle of negative feedback, where the control input is compared to the actual position of the mechanical system as measured by some sort of transducer at the output. Any difference between the actual and wanted values, an "error signal", is amplified and used to drive the system in the direction necessary to reduce or eliminate the error. An entire science known as control theory has been developed on this type of system.

Servomechanisms were first used in military fire-control and marine navigation equipment. Today servomechanisms are used in automatic machine tools, satellite-tracking antennas, automatic navigation systems on boats and planes, and antiaircraft-gun control systems. Other examples are fly-by-wire systems in aircraft which use servos to actuate the aircraft's control surfaces, and radio-controlled models which use RC servos for the same purpose. Many auto-focus cameras also use a servomechanism to accurately move the lens, and thus adjust the focus. A modern hard disk drive has a magnetic servo system with sub-micron positioning accuracy.

Typical servos give a rotary output. Linear types are common as well, using a screw thread or a linear motor to give linear motion.

Another device commonly referred to as a servo is used in automobiles to amplify the steering or braking force applied by the driver. In this form this device is not a true servo, but rather a mechanical amplifier.
III-3.The Difference between: Stepper Motors, Servos, and RC Servos
Stepper motors are less expensive and typically easier to use than a servo motor of a similar size. They are called stepper motors because they move in discrete steps. Controlling a stepper motor requires a stepper drive and a controller.

You control a stepper motor by providing the drive with a step and direction signal. The drive then interprets these signals and drives the motor. Stepper motors can be run in an open loop configuration (no feedback) and are good for low-cost applications. In general, a stepper motor will have high torque at low speeds, but low torque at high speeds. 

Movement at low speeds is also choppy unless the drive has micro-stepping capability. At higher speeds, the stepper motor is not as choppy, but it does not have as much torque. When idle, a stepper motor has a higher holding torque than a servo motor of similar size, since current is continuously flowing in the stepper motor windings. 
A stepper motor's shaft has permanent magnets attached to it. Around the body of the motor is a series of coils that create a magnetic field that interacts with the permanent magnets. When these coils are turned on and off the magnetic field cause the rotor to move. As the coils are turned on and off in sequence the motor will rotate forward or reverse. This sequence is called the phase pattern and there are several types of patterns that will cause the motor to turn. Common types are full-double phase, full-single phase, and half step. 

To make a stepper motor rotate, you must constantly turn on and off the coils. If you simply energize one coil the motor will just jump to that position and stay there resisting change. This energized coil pulls full current even though the motor is not turning. The stepper motor will generate a lot of heat at standstill. The ability to stay put at one position rigidly is often an advantage of stepper motors. The torque at standstill is called the holding torque. 

Because steppers can be controlled by turning coils on and off, they are easy to control using digital circuitry and microcontroller chips. The controller simply energizes the coils in a certain pattern and the motor will move accordingly. At any given time the computer will know the position of the motor since the number of steps given can be tracked. This is true only if some outside force of greater strength than the motor has not interfered with the motion. 

An optical encoder could be attached to the motor to verify its position but steppers are usually used open-loop (without feedback). Most stepper motor control systems will have a home switch associated with each motor that will allow the software to determine the starting or reference "home" position. 

Some of the advantages of stepper motors over servo motors are as follows: 
· Low cost 

· Can work in an open loop (no feedback required) 

· Excellent holding torque (eliminated brakes/clutches) 

· Excellent torque at low speeds 

· Low maintenance (brushless) 

· Very rugged - any environment 

· Excellent for precise positioning control 

· No tuning required 

· Some of the disadvantages of stepper motors in comparison with servo motors are as follows: 

· Rough performance at low speeds unless you use micro-stepping Consume current regardless of load 

· Limited sizes available 

· Noisy 

· Torque decreases with speed (you need an oversized motor for higher torque at higher speeds) 

· Stepper motors can stall or lose position running without a control loop 

A-Servo motors 

 
There are several types of servo motors but I'll just deal with a simple DC type here. If you take a normal DC motor that can be bought at Radio Shack it has one coil (2 wires). If you attach a battery to those wires the motor will spin. See, very different from a stepper already. Reversing the polarity will reverse the direction. Attach that motor to the wheel of a robot and watch the robot move noting the speed. Now add a heavier payload to the robot, what happens? The robot will slow down due to the increased load. The computer inside of the robot would not know this happened unless there was an encoder on the motor keeping track of its position. 

So, in a DC motor, the speed and current draw is affected by the load. For applications that the exact position of the motor must be known, a feedback device like an encoder MUST be used (not optional like a stepper). 

The control circuitry to perform good servo control of a DC motor is much more complex than the circuitry that controls a stepper motor. 

One of the main differences between servo motors and stepper motors is that servo motors, by definition, run using a control loop and require feedback of some kind. A control loop uses feedback from the motor to help the motor get to a desired state (position, velocity, and so on). There are many different types of control loops. Generally, the PID (Proportional, Integral, and Derivative) control loop is used for servo motors.
When using a control loop such as PID, you may need to tune the servo motor. Tuning is the process of making a motor respond in a desirable way. Tuning a motor can be a very difficult and tedious process, but is also an advantage in that it lets the user have more control over the behavior of the motor.

Since servo motors have a control loop to check what state they are in, they are generally more reliable than stepper motors. When a stepper motor misses a step for any reason, there is no control loop to compensate in the move. The control loop in a servo motor is constantly checking to see if the motor is on the right path and, if it is not, it makes the necessary adjustments. 

In general, servo motors run more smoothly than stepper motors except when micro-stepping is used. Also, as speed increases, the torque of the servo remains constant, making it better than the stepper at high speeds (usually above 1000 RPM). 
Some of the advantages of servo motors over stepper motors are as follows: 

· High intermittent torque 

· High torque to inertia ratio 

· High speeds 

· Work well for velocity control 

· Available in all sizes 

· Quiet 

Some of the disadvantages of servo motors compared with stepper motors are as follows: 

· More expensive than stepper motors 

· Cannot work open loop - feedback is required 
· Require tuning of control loop parameters 

· More maintenance due to brushes on brushed DC motors
B-RC Servos

 
Often when talking about robots the word "servo" really means an RC (remote control) servo motor. This is a small box designed for use in hobby airplanes and cars. 

Inside this box is a complete servo system including: motor, gearbox, feedback device (pot), servo control circuitry, and drive circuit. It's really amazing that they can stick all of that in such a small package. 

RC servos normally have 3 wires: +v, ground, control. The control signal is a pulse that occurs at about 50 Hz. The width of the pulse determines the position of the servo motors output. As you can see, this would be pretty easy to control with a digital controller such as a Basic Stamp. Most will run on 5-6 volts and draw 100-500ma depending on size.
III-4.Advantages & disadvantages of Digital  /Standard Servo

A-Advantages
Over the last few years, servos have changed tremendously with size, rotational speeds and torque ever improving. The latest development, known as the ‘digital servo’, is yet another step forward. Digital servos have significant operational advantages over standard servos, even coreless versions; but with these advantages also come minor disadvantages, and this fact file will try, in simplified terms, to explain the positives and negatives of Digital servos. It will also dispel some myths.
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The ‘Standard Servo’ has custom logic chip and timing components with standard 30 strand lead.
 The ‘Digital Servo’ has a Quartz crystal controlled microprocessor, FET amplifier and heavy duty 50 strand lead. 
To start with, a ‘digital servo’ is the same as a standard servo, except for a microprocessor, which analyses the incoming receiver signals and controls the motor. It is incorrect to believe that digital servos differ drastically in physical design to standard ones. Digital servos have the same motors, gears and cases as standard servos and they also, most importantly, have a Feedback Potentiometer (Pot) just like their standard counterparts. Where a digital servo differs, is in the way it processes the incoming receiver information, and in turn controls the initial power to the servomotor, reducing the deadband, increasing the resolution and generating tremendous holding power.

In a conventional servo at idle, no power is being sent to the servomotor. When a signal is then received for the servo to move, or pressure is applied to the output arm, the servo responds by sending power/voltage to the servomotor. This power, which is in fact the maximum voltage, is pulsed or switched On/Off at a fixed rate of 50 cycles per second, creating small ‘blips’ of power. By increasing the length of each pulse/blip of power, a speed controller effect is created, until full power/voltage is applied to the motor, accelerating the servo arm towards its new position. In turn, as the servo positioning pot tells the servo’s electronics it is reaching its required position, the power blips are reduced in length to slow it down, until no power is supplied and the servomotor stops. The ‘Standard Servo’ has custom logic chip and timing components with standard 30 strand lead. The ‘Digital Servo’ has a Quartz crystal controlled microprocessor, FET amplifier and heavy duty 50 strand lead. The 3 diagrams below each show two cycles of ‘on/off’ power pulses/blips. Diag.1 - is idle. Diag.2 - has a short time/pulse i.e. a low power command to the motor. Diag.3 - is a longer pulse, power ‘on’ for longer, more power.
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A quick blip of power ‘On’, followed by a pause, does not give the motor much incentive to turn, whereas leaving the power ‘On’ for a longer period of time does. This means that a small control movement, which in turn sends small initial pulses to the motor, is very ineffective, and that is why there is what is termed a ‘Deadband’, i.e. sluggish or virtually no movement around the centre of a standard servo, in relation to a small TX stick movement.

• First, it is able, via its microprocessor, to receive the incoming signal and apply preset parameters to that signal before sending its pulses of power to the servomotor. This means the length of the power pulse/blip, and therefore the amount of power sent out to activate the motor, can be adjusted by the microprocessors program to match its function requirements and therefore optimize the servo's performance.

• The second is that a digital servo sends pulses to the motor at a significantly higher frequency. This means that, as opposed to the motor receiving 50 pulses/sec., it now receives 300. Although the length of the pulses is reduced in a direct ratio to the higher frequency because the power is being turned on/off to the motor more frequently, the motor has more incentive to turn. This also means that not only does the servomotor respond faster to the commands, but that increases or decreases in power for acceleration/deceleration are able to be transmitted to the servomotor far more frequently. This gives a digital servo an improved deadband, a faster response, quicker and smoother acceleration/deceleration, and better resolution and holding power.
B-Disadvantages
The downside to these significant advantages is power consumption. Naturally, with power being transmitted to the servomotor more frequently, together with increases in power being supplied to the motor earlier, the overall power consumption must go up. However, with batteries in general gaining monthly in capacity for the same size and weight, increased current drain as a trade off for significantly better performance, is no longer a problem. The key point to remember with digital servos is to install the largest capacity battery that space/weight will allow. Always install a battery monitor to check the operational capacity and, wherever possible, top up the charge before every flight, just to be sure. Digital servos are the future for model control, and anyone who has used them says the difference is so significant that they would never return to standard servos, if there is a digital one available to fit the application.
III-5.Servo applications
A-Floppy
A-1.Recording digital data on magnetic disks
Digital data is stored on a magnetic disk using magnetic pulses. These pulses are generated by passing a frequency modulated (FM) current through the disk drive's magnetic head. This FM current generates a magnetic field that magnetizes the particles of the disk's recording surface directly under the magnetic head. The pulse can be one of two polarities, positive or negative.

Digital data isn't just recorded onto a magnetic disk as-is. Instead, it's encoded onto the disk. Three of the most popular encoding methods are (1) frequency modulation (FM), (2) modified frequency modulation (MFM), and (3) run length limited (RLL).
A-2.Magnetic disk drive transports
Magnetic disk drive transports, like magnetic tape drive transports, move the magnetic disks across the magnetic heads and protects the disks from damage. The following paragraphs will introduce you to the characteristics of floppy disk drive transports
A-3.Floppy disk drive transports
Floppy disk drive transports contain the electromechanical parts that (1) rotate the floppy disk, (2) write data to it, and (3) read data from it. Figure 1 shows a typical floppy disk drive transport. Four of the drive transport's more important parts are the drive motor/spindle assembly, head arm assembly, actuator arm assembly, and drive electronics circuit board.
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Figure 1
A-4.Drive Motor/Spindle Assembly 

The spindle in this assembly holds the floppy disk in place while it spins. The drive motor spins the spindle at 300 to 600 RPM, depending on the type of floppy disk drive. The following is a list of the types of floppy disk drives and the spinning speeds of their spindles. 

The spindle of a 5-1/4" disk drive is activated and released by a small arm that's mounted on the front of the disk drive. You must turn the small arm to lock and release the floppy disk. 

The spindle of a 3-1/2" disk drive is activated when the floppy disk is inserted into the disk drive. It's released by a push-button that's located on the front of the disk drive. When you push this button, the floppy disk is released and pops out of the disk drive. 
A-5.Head Arm Assembly 

This part of a floppy disk drive transport holds the magnetic read/write heads. There are four heads on a head arm assembly, two write heads and two read heads - one of each for each recording surface. The head arm assembly is attached to the actuator arm assembly. 

A-6.Actuator Arm Assembly 

The actuator arm assembly positions the magnetic heads over the recording surface of the floppy disk. It does this by using a special type of dc motor called a stepper motor. This motor, which can be moved in very small steps, allows the read/write heads to be moved from track to track as needed to write data onto and read data off of the floppy disk. 

A-7.Drive Electronics Circuit Board 

This circuit board contains the circuitry which (1) controls the electromechanical parts of the disk drive transport, (2) writes data to and reads data from the floppy disk, and (3) interfaces the floppy disk drive to the host computer. 
B-Printer

A printer which may be used in a billing/accounting machine having a single servo motor to drive both the printing mechanism (horizontal motion) and the record media feed (vertical motion). While the printing mechanism is always engaged with the servo motor for transportation across the record media, provision is made for disengaging the record media feed from the servo motor during the printing mode and for re-engaging the record media feed with the servo motor during the non-printing mode for the proper feeding of the media past the printing mechanism to provide line-by-line printing. With the printing mechanism continuously engaged, its exact horizontal position is always known and controlled. Conventional velocity servo systems for controlling a printer carriage utilize an analog tachometer as a feedback device to provide a signal representing the actual carriage speed. This tachometer signal is generally summed with a command signal to produce an error signal used to control the motor driving the carriage. The tachometer is normally designed for a particular relatively narrow speed range and compromises in accuracy and response time must be tolerated when it is desired to broaden the speed range. A digital servo system for a printer carriage has been proposed intended to avoid the aforementioned performance compromises. Printer analog servo systems are also known which attempt to avoid the aforementioned compromises by using specially designed circuits employing carefully matched components. However, such solutions have generally proved to be expensive because of the number of parts and the number of precision adjustments required in the manufacturing of such a printer. Moreover, these specially designed circuits generally occupy more circuit board space than is desirable and their overall complexity represents a reliability concern.

Inexpensive integrated circuit packages are commercially available and useful for carriage speed control in relatively slow speed printers. More specifically, the aforementioned integrated circuit packages, when used in their intended manner, are adequate in a servo system for printers operating at about 15 characters per second. However, when used as intended, these devices do not afford the range and accuracy required for higher speed (e.g., in excess of 30 characters per second) letter quality printers.
C-Scanner

Optical scanners, or servo-controlled, limited-rotation motors with laser-beam steering mirrors, were first introduced 40 years ago by General Scanning. Since then, they have become the enabling technology behind many innovative products across many different industries, including medical imaging, industrial machining, product identification, biomedical research, automotive manufacturing, and many more. 

While optical scanner performance has improved, little has changed in the way systems are developed, manufactured, and supported since the introduction of this technology. Today, new systems are emerging that consist of three elements: innovative scanner motors, advanced digital electronics, and a comprehensive software toolset. 

To put this advancement in perspective, it is useful to review past solutions and their strengths and weaknesses. The original optical scanning technology was based on bulky motors controlled by analog servo drivers. Performance tuning for a single- or multi-axis system was a labor-intensive and time-consuming manual procedure. But it was the only game in town. 

C-1.Inertia Matching 

The original limited-rotation motors were fairly large and prone to wear and drift from thermal changes. Advances in materials and manufacturing techniques resulted in smaller, faster, more accurate motors. While these newer motor designs perform dramatically better and are far more reliable than those of just a few years ago, performance improvements are reaching a practical limit. So how does one achieve any meaningful improvement in motor speed and accuracy? It is done through inertia matching. 
Scanner motors are now smaller and more efficient, and mirrors have become lighter and stiffer, system performance often falls below its potential. The reason is because engineers don’t often address component synergy. When configuring a scanner motor, little attention was paid to the optimal inertial match between the total load (mirror and mount) and the motor’s rotor assembly. In fact, some manufacturers exacerbate the problem by specifying that the load inertia can be up to ten times larger than that of the rotor. It turns out that the inertial match between the load and the rotor is one of the most important criteria in achieving optimal motor performance. 

C-2.Digital Servo Driver 

Optimized scanner motor design is one step toward reaching the performance limit of an optical scanner-based system, but actual system-level performance, as compared to scanner motor performance, is largely dependant on how well a servo driver controls the motor.
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Figure above illustrates a typical system design. Until recently, optical scanning servo drivers were analog devices. Engineers needed extensive servo knowledge and considerable time to optimize system performance for a given application. “Tuning the servo” was a trial-and-error process aimed at achieving the best balance of speed and accuracy, while eliminating the system’s resonance-frequency. In a dual-axis system, keeping a pair of optical scanners in lockstep became increasingly difficult as speeds increased. 

The advent of digital servo drivers improved servo tuning significantly, but even today’s digital drivers are still rather limited. Some will let engineers load pre-defined tune files or allow rudimentary “self-tuning” to compensate for the inherent variations in all scanner motors. Yet, no digital driver offered real control over the tuning process. And with dramatically different tuning requirements for applications such as marking, welding, cutting, and drilling, servo tuning is still a time-consuming manual process. 

General Scanning has developed a new approach to digital servo control as part of its Lightning Digital Scanner technology platform. This new digital servo driver addresses the quest for higher system performance in a number of ways. First, the signal-to-noise ratio has been significantly improved through the use of a 16-bit bus design for low noise and high accuracy. The new design uses a DSP processor to run sophisticated control algorithms, and multiple filters for frequency-response shaping. Lastly, it provides an interface that enables the driver to support a sophisticated software toolset that automates tuning and documents key performance parameters. General Scanning offers the Tune-Master Software Toolset for this purpose, reducing development time, lowering production costs, improving product support, and maintaining “like-new” system performance over a product’s service life. 
C-3.Software Toolset 

Tune-Master consists of three interactive modules that provide tools for product development, production, and field support. One of the main challenges in servo control is tune development or balancing scanner system speed and accuracy for a given application. Today, engineers use either an oscilloscope to observe optical scanner performance in the time-domain, or a signal analyzer to perform sophisticated tuning in the frequency domain. Engineers observe the results and adjust the controls to shape the response of the system. In either case, scanner tuning is done using an intermediate indicator that is limited to a specific type of motion. 

The approach taken by Tune-Master allows engineers to tune the optical scanner in the application domain, or in other words, the system is tuned while running its actual application, such as marking, welding, or cutting. Additional equipment that yields intermediate indicators of system performance is no longer required because the tuning process is software controlled and automatic. As a result, the resulting development time for the application tune can be reduced up to 90%. 

Tuning the servo with software rather than using external equipment also makes it easier to set up multiple servos for OEM manufacturers. Using the Match-Tune Generator Module, the operator downloads a specific tune for a given application from the archive and automatically adjusts the system’s optical scanner set to the desired quality and throughput based on the original application requirements captured by the Tune-Master Creator module. 

In addition to automated scanner optimization, full documentation is retained for quality assurance and traceability. For each system, the original Tune-Master, the resulting Match-Tune, system performance at the time of production, and serial numbers are recorded in a production database and onboard the Lightning servo driver. This capability also eases field repairs and upgrades because Tune-Master’s Support Toolbox Module lets technicians replace only the failed component, a motor or a mirror, and restore the system to like-new performance through its automated software-tuning routines. 

Ongoing maintenance or re-tuning a system to maintain optimal performance also can be automated. By linking the system based on Lightning technology to a computer, Tune-Master software can re-tune the system to match the original performance specification. Click the retune button on the Support Toolbox Module GUI and system performance is re-optimized in less than a minute. 

Lightning Digital Scanner Technology and Tune-Master software are examples of the ongoing development of digital optical scanning solutions, bringing in a new era of digital hardware paired with advanced software tools that provide cost-effective, improved control of optical scanners and the systems that depend on them. 

D-Cd-rom
This invention relates to a method and an apparatus for operating an optical disk drive, and more particularly to a novel method and apparatus for providing rotational speed control to the optical disk drive in a closed loop manner when changing the optical disk velocity. 

Background Compact disks (CD), a type of optical disk, are widely used to store digital data of an audio signal or music information. The music is reproduced from the CD through a compact disk player. Optical disks have been adopted to store a variety of digital data besides audio signals. For instance, a CD-DA is used to store digital audio information; a CD-V is used to store video information such as movies, video clips and Karaoke. Another commonly recognized application of the optical disk in the data processing industry is the CD-ROM. The CD-ROM is a read-only data storage medium used in personal computers for storing digitized information such as large text databases and application programs. CD-ROMs are especially suitable for multimedia applications because of its voluminous storage capability, durability, and low cost. Although the traditional optical disk is a read-only medium used for data reproduction only, optical disks capable of both recording and reproduction have been developed. The CD-R and CD-E are both read/write optical storage mediums. 

An optical disk drive is used to record or reproduce the digital data onto or from these optical disks. 

In optical disk drive system, CD-ROM disk  is rotated by spindle motor; optical pickup unit reads the data stored on CD-ROM; feed motor (or "sled motor")  changes the radial position of optical pickup unit; microprocessor controller  and a collection of servo and control circuitry command disk drive  to perform the desired operations. CD-DSP is a digital signal processor which descrambles the signal read from CD-ROM by optical pickup unit and provides, via CD-ROM controller, the digital output data via bus to host computer. CD-ROM controller is typically an ATAPI/IDE or SCSI based device, as is well known in the personal computer field. 

A CD-ROM disk stores data in the form of pits and lands patterned in radial tracks. The tracks are formed in one spiral line extending from the inner radius of the disk to the outer edge. Unlike typical magnetic disk storage media which stores data in concentric tracks in which data density is sparser at the outer edge of the disk, CD-ROM records data at a uniform density over its entire surface, that is the same high density of data is stored at an outer track as at an inner track. The uniform density storage pattern accounts for its large data storage capacity over that of the magnetic disk storage media. To facilitate data access in a uniform density storage pattern, the CD-ROM disk is designed to rotate at a constant linear velocity (CLV). In the CLV mode, the rotational speed of the disk varies according to the location of the track to be read so that a constant linear speed is maintained between the disk and the optical pickup unit. Maintaining a constant linear speed between the disk and the optical pickup at all locations on the disk means that the data transfer rate also remains constant at all locations, enabling a uniform density of data to be stored over the entire surface of the disk. In contrast, the magnetic disk storage media are designed to rotate at a constant angular velocity (CAV) where the rotational speed of the disk is kept constant. When operated in a CAV mode, the linear velocity of the disk relative to the optical pickup increases linearly as the read head approaches the outer track. The first CAV mode magnetic disk drives required that the amount of data recorded in a given angular rotation is kept the same throughout the disk. Therefore, the average data transfer rate will increase linearly as the optical pickup travels from the inner radius to the outer edge of the CD-ROM. 

More modern magnetic disk drives using CAV also use zone bit recording to improve storage capacity by increasing data density per angle of disk rotation as track location increases in distance from the center of the disk. 

The advantage of high storage capacity of the CLV mode is offset by the longer access time required to reach a target track in a search operation as compared to the CAV mode. In the CLV mode, the time required to change the rotational speed of the disk whenever different tracks are accessed increases the access time significantly. When a CD-ROM is operated at 1X speed (representing the CD-ROM data transfer rate standard of 150Kbytes/second), the rotational speed of the disk must change from approximately 500 rpm (rotations per minute) when an inner track is to be accessed to approximately 216 rpm when an outer track is to be accessed. 

In order to provide acceptable and jitter free performance, robust electronics are used in CD-ROM drives which allow reading data from a track when the spindle motor has reached its proper speed associated with that track, within a margin of +50%. This allows reading of the desired track to occur somewhat sooner, and allows the final speed adjustments for that track to be made under closed loop control during the read operation. Since the data rate will not be correct when the motor speed is not correct, the electronics must be robust to allow for this improper data rate. To accommodate the frequent adjustments in rotational speed, a complex high performance, and thus expensive, spindle motor is required. The motor must be capable of generating more power, or producing more torque to reach a target speed quickly, and overcoming more friction. This is particularly true as CD-ROM operation speed increases. Today, it is common to run CD-ROMs at 8X speed or higher. At 8X speed, the rotational speed of the CD-ROM changes from near 4000 rpm at the inner track to about 1728 rpm at the outer track. At this rapid rotation rate, effective control of the speed of the motor becomes critical, especially for reducing the access time in a search operation. Furthermore, as CD-ROM speed increases, the design of the CD-DSP becomes increasingly difficult of the +50% speed tolerance is to still be achieved. This +50% guard-band also limits the data rate possible under proper motor speed. 

Conventional optical disk drive systems use open loop control of the motor speed in search operations and closed loop control during normal play or track following. In an open loop control, the spindle motor is driven in a kick and brake manner for changing the rotational speed.
Contrary to the CLV mode, the CAV mode is characterized by very fast access time, i.e. the time required to move the optical pickup radially to a desired track and establish valid reading of data from that track at a tolerable spindle motor speed. Because the rotational speed is kept constant, the optical pickup can immediately retrieve disk data when the target track is reached. CAV mode operates without the added delay of waiting for the spindle motor speed to settle to the correct rpm. 

In order to improve the data rate and access time of an optical disk drive under certain circumstances, various operating modes other than simply CLV have been suggested. 

A more commonly used approach involves a combined CAV/CLV scheme where the optical drive operates in a CAV mode at the inner tracks and switches to a CLV mode at the outer tracks. 

Although the CAV/CLV scheme has a lower data transfer rate at the inner tracks due to the maximum rotational speed of the motor, and related mechanical constraints due to vibration, etc., the resulting in overall system performance is acceptable and greater than the data transfer rate under CLV control over the entire CD-ROM since the need for motor speed adjustments within the CAV operating portion of the curves of Figure 3-3 is precluded. 

Today's disk drive systems are required to provide for a +/-50% tolerance in order to meet the jitter-free control requirement. That is, the optical pickup must be able to read data even if the rotational speed is +/-50% of the target speed. The large tolerance level imposes design constraints on the disk drive electronics. It is desirable to reduce the tolerance level so as to remove unnecessary design constraints, particularly as the speed of the CD-ROMs increase to 8x and greater. In order to maintain proper control of the motor speed, there is a need to monitor the actual rotational speed of the motor. Current disk drive systems rely on reading a sub-code sync signal from the disk which indicates the linear velocity of the track being read, and thus motor speed. This method depends on the optical pickup unit being able to accurately read the sub code sync signal from the CD-ROM and the CD-DSP being able to quickly descramble the signal. This sub-code is formed of 98 bits, with one frame of data stored on the CD-ROM containing one of the bits forming the sub-code. Thus, 98 frames of data must be read in order to obtain the 98 bits forming the sub-code. This method is time consuming and becomes increasingly inaccurate as CD-ROM speed increases. Thus, it is desirable to have some other method of monitoring the spindle motor speed. 

Regardless of the method used in the prior art for selecting the desired rotational speed associated with each track on a CD-ROM being read, changes in rotational speed are performed in open loop fashion, using kick and brake operations. As previously described, in the more sophisticated prior art systems, care is taken not to undershoot a desired rotational speed, since acceleration is more time and power consuming than deceleration. Thus, by virtue of this open loop control, and the successive brakes required to fine tune the deceleration to achieve the desired rotational speed, changes in rotational speed are time consuming, thereby having a deleterious effect on the access time of CD-ROMs. 

In the end, the present invention provides an optical disk drive for operating an optical disk, such as a CD-ROM, in which changes in rotational speed are achieved under closed loop control, thereby avoiding significant undershoots or overshoots in rotational speed, thus increasing access time and reducing power consumption. The novel rotational speed control of the present invention is suitable for use in a CLV system, in an CAV/CLV scheme, or in any system in which the rotational speed of the disk must be changed at various times. The present invention relies on feedback from the motor, rather than data read from the disk, to determine and control the actual angular velocity of the motor. Because the motor speed feedback is more accurate than optical pickup readings used in the prior art, especially at CD-ROM speed 8X or greater, the disk drive system of the present invention is capable of providing accurate and rapid control of the motor angular velocity. The disk drive system of the present invention comprises a novel disk motor servo which implements a closed loop control using the motor speed feedback during all search operations. In accordance with the present invention, the disk motor servo determines the desired motor speed for a target track through a speed profile table, which may be stored in microprocessor memory. The flexible speed profile table can be designed to accommodate a combination of CAV mode and CLV mode of operation such that the disk drive system can run at the maximum data transfer rate permitted by the data processing electronics. The speed profile can be also being designed to minimize the power consumption of motor control circuitry. 

Through the closed loop control using the motor speed feedback, the disk drive system ensures that the rotational speed of the motor will be quickly and accurately changed to the desired speed, typically by the time the optical pickup reaches a target track during a search operation. The closed loop control of this invention also allows the disk drive system to be designed for a lower tolerance level and still achieve jitter-free control. Thus the data rate can be increased over the prior art due to the lower tolerance required. The access time is minimized because the CD-DSP can begin retrieving data as soon as the target track is reached, since the optical disk will generally already be rotating at the desired speed.  
E-Hard disk drive
Hard disks are one of the most important and also one of the most interesting components within the PC. They have a long and interesting history dating back to the early 1950s. Perhaps one reason that they are so fascinating is how well engineers over the last few decades have done at improving them in every aspect: reliability, capacity, speed, power usage, and weight.
The hard drive could divide into Base, PCBA, Media, Read/Write Head, Spindle Motor, and Voice Coil Motor.
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Its use of a servo motor or many servos to control data entry and data use makes it a very important application in the industry of servo. In the following chapter we will be explaining more about its components and working mechanism. We will see the different methods of controlling the hard disk used through the years and the evolution of use of servo systems in it. We will see how the closed loop or feedback of the servo was changed in to finally have a way of feedback not affecting any of the size of data available or the fast response of the hard drive
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HARD DISK DRIVE
IV-Hard Disk Drive
The hard drive is an industry of high technology and precision which gather the semiconductor, laser optics, precision machinery, higher physics, and chemical technology. 
The principle of the HDD storage is using the Controller to change the polarity (+,-) of the magnetic on the surface of the media by Read/Write head to store the data. For storing more data in the media, the magnetic has to be made extremely small which is like the sensitization particles in the film, and then coat it on the surface of media with very high density. 

Since the head can speed moving back and forth on the surface of media, it needs to “float” on the top of it but not touch it. However, the signal will be too weak if the head is floating too high, and it will not be able to fulfill the need of high volume hard disks. 

The surface of media must be very smooth; any particle or dust will cause the head to scratch the surface of magnetic (lower than 1% of hair diameter) and also cause the permanent damage to the data.
IV-1.Servo-Formatting
Try to visualize a thin, hollow cylinder passing through all of the platters in a hard disk drive.  It would produce a circular track on each side of each platter.  Now each tack is divided into equal arcs or sectors.  Well, that is exactly how a hard disk is organized.  That is, Cylinders, Heads (which are equal the number of tracks/cylinder or platter sides), and Sectors are the coordinates of the data on a hard disk drive.

There are two kinds of sectors on a hard disk.  The first and at the very lowest level is the servo sector.  When a hard disk is manufactured a special pattern is written in a code called a Gray code on the surface of the platters, while the drive is open in a clean room, with an expensive machine called a servo-writer.
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A Gray Code is a binary code in which successive numbers differ by only a single bit.  Although many Gray Codes are possible, one specific Gray Code is considered the Gray Code because of its efficiency in computation.  This efficiency is why it is used for the servo pattern instead of other binary codes.  A three-bit Gray Code is shown to the right.

Although there are other schemes, the Gray Code is written in a wedge at the start of each sector (an embedded servo pattern) on most drives.  There are a fixed number of servo sectors per track and the sectors are adjacent to one another.  This pattern is permanent and cannot be changed by writing normal data to the drive. 
The electronics use feedback from the heads, which read the Gray code pattern, to very accurately position, and constantly correct the radial position of the appropriate head over the desired track, at the beginning of each sector, to compensate for variations in platter geometry, caused by mechanical stress and thermo expansion and contraction. Altogether, the head positioning components form what is known as closed-loop servo system
IV-2.Working mechanism
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Figure A: Internal of a Hard Disk
If we dismantle the hard disk drive by opening the top casing, the first thing you’ll see is a spindle holding one or a number of mirror-like hard rotating platters else known as data platter. The platters could be made to spin at an extremely high speed, technically between 5,400 and 10,000 revolutions per minute (RPM). An extremely thin magnetic coating is layered onto the surface of the platter that is polished to mirror-type smoothness.

The platter is usually made of glass ceramic or titanium. Unlike a floppy disk, the platter cannot be bent or flipped and hence we call it a “hard disk” or “hard drive”. Commonly a hard disk contains 1 to 10 identical platters that are stacked in parallel to form a cylinder. There is usually one Read Write (RW) head designated per platter face, and each head is attached to a single actuator shaft which moves all heads in unison and performs a uniform synchronous motion during reading or writing of data.

Data on a hard disk is stored in microscopic areas called magnetic domains on the magnetic material. Each domain stores either a 1 or 0 values. Similar to a floppy disk, a hard disk records its data in concentric circles or tracks, which are numbered from the outermost edge to the innermost edge of the platter. These tracks are further subdivided into smaller units called sectors which typically store 512 bytes of data each. Zoning may be needed to further optimize the data storage as the outer circumference would normally pack more sector units than the inner circumference.
IV-3.Read Write Head

The RW head is the key component that performs the reading and writing functions. It is placed on a slider which is in term connected to an actuator arm which allow the RW head to access various parts of the platter during data IO functions by sliding across the spinning platter.
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The head is made of multiple read/write heads (up heads and down heads) on the same set of Actuator Arm. Since they fixed on the same set of Actuator Arm, the whole set of the Arms will move at the same time. The “writing principle” of a hard drive is based on the vertical recording, for example, when a data of 10MB is being stored, the first head writes 4096 Byte, the second head writes 4096 Byte and so on. A file is being broken up into several sections and stored into each media and same as “reading principle”. Multiple read/write heads could achieve high speed required, however, there is more advanced technique available.
The sliding motion is derived by passing a current through the coil which is part of the actuator-assembly. As the coil is placed between two magnets, the forward or backward sliding motion is hence derived by simple current reversal. This location of the platter is identified and made possible by the embedded servo code written on the platter.
IV-4.Flying height
To write a piece of information to the disk, an electromagnetic flux is transmitted through the head which hovers very closely to the platter. The RW head suspends on a thin cushion of air which the spinning platter induces. This designed distance between the head and platter is called the flying height. It can literally measure to a few millionths of an inch. 
IV-5.Read write function of disk 

As the head writes data onto the disk, it changes its magnetic polarization to induce either a one or zero value. During a read request, data is interpreted when the magnetic fields on the platter brings about an electrical change (as a result of change in electrical resistance of some special material property) in the read-head that passes over it. These electrical fields are then encoded and transmitted to the CPU to be processed and read by the system.

IV-6.Servo Techniques and Operation

It uses voice coil actuators to position the heads on the surface of the hard disk's platters. This actuator is one instance of what is commonly called a servo system, which is a type of closed-loop feedback system. In this sort of positioning system, a device is controlled by doing something, measuring the result, seeing how far off the device is from its target, making an adjustment, and repeating. This enables the device to reach its target intelligently instead of just taking a guess and hoping it is correct.

A key element of any closed-loop feedback system is a measuring device, to provide the feedback. For the hard disk, the feedback device is the read/write head itself, and special codes written on the disk that let the hard disk know where the heads are when the actuator moves. These codes are, unsurprisingly, typically called servo codes. They are read by the heads and fed back to the actuator control logic to guide the actuator to the correct track. By putting different codes on each track of the disk, the actuator can always figure out which track it is looking at.
There are three different ways that the hard disk servo mechanism has been implemented. Each uses a different way of recording and reading the servo information from the disk: 
· Wedge Servo:
 In this implementation used in older drives, the servo information is recorded in a "wedge" of each platter; sort of like a "slice" out of a pie. The remainder of the "pie" contains data. This design has an important flaw: the servo information is only in one location on the hard disk, which means that to position the heads a lot of waiting must be done for the servo wedge to rotate around to where the heads are. All this waiting makes the positioning performance of drives that use this method painfully slow. Obsolete, this technique is no longer used. 
· Dedicated Servo: 
In this technique, an entire surface of one disk platter is "dedicated" just for servo information, and no servo information is recorded on the other surfaces. One head is constantly reading servo information, allowing very fast servo feedback, and eliminating the delays associated with wedge servo designs. Unfortunately, an entire surface of the disk is "wasted" because it can contain no data. Also, there is another problem: the heads where data is recorded may not always line up exactly with the head that is reading the servo information, so adjustments must be made to compensate; and since the servo platter may be warmer or cooler than the data platters, these drives are notorious for needing frequent thermal recalibration. Because one platter surface is used for servo information and not data, dedicated servo drives usually have an odd number of heads. 
· Embedded Servo: 
The newest servo technique intersperses servo information with data across the entire surface of all of the hard disk platter surfaces. The servo information and data are read by the same heads, and the heads never have to wait for the disk to rotate the servo information into place as with wedge servo. This method doesn't provide the constant access to positioning information that is available with dedicated servo, but it also doesn't require an entire surface to be expended on overhead. Also, the need for constant thermal recalibration is greatly reduced since the servo information and data are the same distance from the center of the disk and will expand or contract together. All modern hard disks use embedded servo. 
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	A simple illustration of the difference between dedicated servo and embedded servo. On the left, dedicated servo: one platter surface contains nothing but servo information, and the others nothing but data. On the right, embedded servo, with data and servo information together.


The servo codes are written to the disk surfaces at the time the hard disk is manufactured. Special, complex and expensive equipment is employed to record this information, which as you can imagine must be placed very precisely on each surface. The machines that do this are called servo-writers. The servo codes are put in place for the life of the drive and cannot be rewritten without returning the drive to the factory. The hard disk heads themselves are locked out at the hardware level by the drive's controller from writing to the areas where servo information is written. The creation of this precise pre-written information is part of the low-level formatting of a modern drive, and the need for the fancy machine is one reason why modern disks cannot be low-level-formatted outside the factory. There is nothing a user can do with a drive to touch the servo information.
IV-7.Thermal recalibration
All modern drives use voice coil actuators instead of the older stepper motors, which makes them far less sensitive to thermal effects than older hard disks were. The built in servo mechanism automatically adjusts for shifts in the position of the media due to temperature variations. However, even the newest drives have issues related to thermal stability. Since engineers continue to decrease the width of each track of data, and increase the number of tracks per inch on the surface of the disk, even the highest-quality electronic servo motors can have, well, "issues" when the various pieces of metal in the hard disk start expanding and contracting at different rates. This is especially the case with drives using dedicated servo, because the servo information and data are on different physical surfaces. Since the surfaces can easily be at different temperatures and can therefore expand or contract at different rates, there is the potential that the servo data and user data might become misaligned.

To combat this problem, most drives manufactured in the mid-1990s include a feature called thermal recalibration. Every few minutes, the heads are moved and the distance between tracks measured. This information is recorded in the drive's memory and used to aid in positioning the heads when reading or writing needs to be done. When the recalibration occurs you can hear the disk operate as if you were reading or writing to it, even if you are not.

Thermal recalibration produces one unfortunate side-effect: if you attempt to access the disk while a recalibration cycle is taking effect, there is a slight pause until it completes. This does not cause any read or write requests to be lost, but it can cause a problem if you are performing a read or write task that is operating in "real time" and might be sensitive to the delay. Common examples include real-time video playback, audio file editing, or burning a recordable CD-ROM disk. For users working with these applications, thermal recalibration represents an unacceptable problem, so the hard disk manufacturers created special drives that work around the recalibration "feature". Typically by using special buffering techniques or by intelligently "scheduling" recalibration activity to avoid platters being accessed by the user, these drives essentially "hide" recalibration from the PC operator. They were frequently marketed as being "audio/visual" or "A/V" drives during the 1990s.

Today, recalibration has become largely a moot point. The need for constant recalibration was greatly diminished with the creation of embedded servo technology, which is now the standard for hard disk drives.
IV-8.Parking of RW head


Figure B: The read/write head will move to the parking zone when the computer is switched off.
When the computer is switched off, the head is usually pulled to a safe parking zone to prevent the head from scratching against the data zone on platter when the air bearing subsides. This process is called a parking and different techniques have been implemented in various hard disks to handle the take offs and landings. In a Ramp load/unload design; a lifting mechanism parks the head outside of the platter onto a “parking bay” prior to a shutdown. It then automatically unparks and relocates itself above the disk platter when the platter spins up to appropriate rotational speed.
IV-9.Hard disk controller PCB board 
A hard disk also contains a PCB controller circuit board that regulates data traffic. It ensures massive data to be streamed in and out of the disk smoothly. A logic board that sits under the drive controls and connects the spindle, head actuator, and various disk functions of the disk. Embedded with a micro-controller, it executes self-diagnostics test and cleans up data working area in the memory and all internal chip bus in the hard drive when it powers up.
IV-10.Hard disk parts overview 

	

	


	Figure C: Hard Disk Read/Write Head
	Figure D: Parking Zone and Arm

	

	


	Figure E: Hard Disk Platter, Spindle, Actuator arm and Actuator Shaft
	Figure F: Voice Coil and Actuator/Magnet


IV-11.Today’s disk and data
Storage capacity is measured in terms of GB (Gigabyte). 1 GB roughly equals to 1000 MB (Megabyte). A typical desktop machine purchased today carries a hard disk of at least 80 to 400 gigabyte. Computer data is stored onto the disk logically in the form of files or simply, a string of bytes. When a program requests for a file, the hard disk retrieves its bytes and sends them to the CPU to be processed.
There’re two popular ways to measure the performance of a hard disk: 

· Data Rate 
Data rate is also known as data transfer rate or throughput. It refers to the speed with which the data can be transmitted from one device to another. Data rates are commonly measured in megabytes (MB) per second. The data rates for a typically hard disk ranges between 5 to 40 megabytes per second. 
· Seek Rate
Seek time refers to the total span of time between a file request by the CPU to the point when the first byte of the file is sent to the CPU. This is one of the several delays associated with reading or writing data on a computer’s disk drive. In order to read or write data in a particular place on the disk, the read/write head needs to maneuver to the precise location of the disk platter. This process is known as “seeking”, and the time it takes for the head to move to the right place is referred to the “seek time”. 
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V-Conclusion
   Servo technology is considered to be on the forefront of electric motors and drives. It is known to be the future of robotics and human artificial organs. The future hides even more improvement in the servo technology since as we read this document feedback methods and the algorithms treating such feedback are being enhanced to reach new frontiers; in the end the expectation is that we will have smart systems treating feedback in a non linear calculation, increasing both efficiency and speed.
While servo technology has traditionally been incorporated with feedback devices, an increasing number of servos are also sold as complete systems, accompanied by drives and controllers. This is changing the nature of the market. Focus is increasingly placed on system integration, and individual products, particularly the motor.
V-1.Economic effect
   A-Increase of automation and development of new applications

Demand for automated machinery continues to increase. Sales are being driven by lower maintenance costs, improved efficiency, and superior control to be gained from replacing pneumatic, hydraulic, or mechanical systems with servo controlled systems. The shift in favor of servo systems has been accelerated by growth in the number of applications requiring faster, more flexible, and more accurate machines. For instance, in packaging the increasing development of new applications call for more servo control. The so-called "Generation 3" machines are all electric, with servo control synchronizing multi-axis movements. Servo motors and drives are also increasingly replacing high-end stepper motors and drives in industrial applications.
B-Falling prices
Price reductions have had a beneficial effect on growth in the servo motors and drives market. Although falling prices mean that volume growth can be expected to exceed revenue growth, demand for servo motors and drives is price elastic. Price reductions are expected to stimulate volume growth to such an extent that revenues in the market would increase, despite prices being lower. The decreasing price for servo technology is also serving as an incentive for customers to replace their stepper, hydraulic, pneumatic, or mechanical technologies with servo technology as to ensure higher production and product value.
V-2.Technology improvements a look into the future Intelligent drives

The servo drives sector is benefiting from the popularity of intelligent drives that combine drive and controller capabilities. Whilst intelligent drives are more expensive than standard servo drive products, they are able to deliver cost savings to the purchaser.

Servo Technology improvements for motion control are very far from being limited; in the future expectations are high for this kind of technology. It might be the leading in the industry, because of the ability to control the response of the servo anyway needed. 
Finally, we can only ask ourselves what lies beneath the future, what is the limit of improvement?
VI-SUMMARY

The electric motors are built in three basic sizes of power (hp): small, medium and large. Their major types are:

· DC motors uses direct electrical current and provides momentary power bursts. They have many types: Brushless DC used to drive CD-ROM, Xerox machine, etc, Limited-angle torque used in direct laser mirrors, PM DC Motor, Coreless DC Motor with no iron core used to drive in magnetic tape drives, Linear DC Motor used in fast trains that has a stator and a slider.

· AC motors (alternating current), have many types: Single phase AC induction motors only with one discrete waveform used in fans and washing machine. Three phase AC induction motors used in high power applications. Single phase AC synchronous motors used in audio turntables, telescopes. Three phase AC synchronous motors used in traction motor and TGV locomotives and could be used as alternators.

· Universal motors that can operate on either AC or DC current and are used in vacuum cleaners, food mixers, etc.

· Special motors: used for special applications, can be customized and cost less than standard motors with the same power rating. Motor starters used to start up large motors with very high starting torque and the Gear Motors attached with a set of gears to drive a secondary drive shaft.

· Servo motor: is a motor equipped with a control unit, receives requests for specific movements and follow it. Receives two inputs: an energy source and a command source. The main parts are: the motor, the gearbox and the electronics regulator. They are useful in robotics, are small and extremely powerful, are compact, provide more power and have fine controls. The servo amplifiers are part of a closed loop control system, the ideal servo possesses a constant velocity, the ability to maintain a speed. A tachometer input is used to generate a proportional signal to the motor speed.

· Stepping Motors: The stepper motors move in discrete steps; are less expensive and easier to use than a servo motor, most of them have a home switch associated with each motor that will allow the software to determine the starting. They have advantages over servo motors because they are low cost, work on open loop, low maintenance, excellent holding and low speeds, no tuning required and are very rugged on any environment but it also have disadvantages because they are rough performance, limited sizes, noisy and the torque decreases with speed.
The theoretical servo must be able to provide the infinite acceleration this can be seen by abruptly starting and stopping the servo motor. The servo amplifier will respond proportionally to changes in the velocity input command, and drive the servo in a way to hold a position; it will trip the solenoid breaker by energizing it and when it is activated low it will be disabled.

The servos are constructed from three basic pieces: a motor, a feedback device and a control unit; when the control circuit detects that the position is correct it stops the motor, the amount of power applied to the motor is proportional to the distance it needs to travel.

The servo mechanism is an automatic device which uses error sensing feedback to correct the performance of a mechanism, it may or may not use a servomotor; today it is used in automatic machine tools and antennas.

The servo applications are:

· Floppy Disk: a magnetic disk using magnetic pulses.

· Printer: used in a billing or accounting machine having a single servo motor.

· Scanner: optical or servo controlled limited rotation motors are behind many innovative products across many industries.

· CD-ROM: type of optical disk used to store digital data and is a read-only data storage and suitable for multimedia applications.

· Hard Disk Drive: very important within the PCs, has improved reliability, capacity, speed, power usage and weight, its use of a servo motor or many servos to control data entry. It is high technology; the principle of storage is using the controller to change the polarity of the magnetic on the surface to store the data. The surface must be very smooth; any scratch will cause damage to the data. Each track is divided into equal arc or sectors, which are the coordinates of the data.

A hard disk contains 1 to 10 identical platters that are stacked in parallel to form a cylinder. The data is stored in microscopic areas called magnetic domains.

The read-write head is the key component that performs the reading and writing functions; passing a current through the coil, which is part of the actuator-assembly, derives the sliding motion. To write information to the disk an electromagnetic flux is transmitted through the head. During the read request the data is interpreted when the magnetic fields brings about an electrical change.

It uses voice coil actuators to position the heads on the surface, this actuator is one instance of servo system; it also makes them far less sensitive to thermal effects than older hard disks were, it includes a feature called thermal recalibration but it has one side effect which is that if you attempt to access the disk while it is taking effect, there is a slight pause until it completes.

When the computer is switched off, the head is usually pulled to a safe parking zone to prevent the head from scratching against the data. It also contains a PCB controller circuit board that regulates data traffic.

Today’s storage capacity is measured in terms of GB, we measure the performance in data rate, it is known as data transfer rate and refers to the speed and the seek rate refers to the total span of time between the file request by the CPU to the point when the first byte of the file is sent to the CPU.
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