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The Proposal


Mechatronics is the synergistic combination of precision mechanical engineering, electronic control and systems thinking in the design of products and manufacturing processes. A system composed of mechanical and electrical parts, overlaid with sensors that record information, with microprocessors that interpret, process and analyze this information, and finally assemblies that react upon the information, constitutes a mechatronic system. It relates to the design of systems, devices and products aimed at achieving an optimal balance between basic mechanical structure and its overall control. 

Mechatronics which attracts people from across the industrial and academic research spectrum, has a wide range of application areas including consumer product design, instrumentation, manufacturing methods, computer integration and process, device control etc. Automated machines used in medicine, agriculture, banking, mining or manufacturing that can sense, perceive, reason, decide and act are also mechatronic systems. Thus an almost endless list comprises devices that constitute contemporary technologies of automation. Examples include, at a simple yet typical level, some of the smart products that are used as ordinary consumer goods in our daily lives, such as cameras, video recorders, CDs, photocopiers or washing machines, all of which incorporate sensors, microprocessor-based controllers and actuators that make them more versatile and easy to use.
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IN CLASS ACTIVITY


TOPIC: The applications of mechatronics

ARGUMENT: Mechatronics have many applications in industry.



SUPPORTING DETAILS: 

1) Automation 

2) Robotics
3) Sensing and Control Systems



4) Automotive Engineering


KEY WORDS:



1)   Numerical control
2)   Automatic control
3)   Industrialization
4)   Mechanization


5)   Mechanical modelling


6)   Closed loop control



7)   Open loop controller 


8)   Open-cycle operations
9)   Fixed automation (hard automation)

10) Programmable automation
11) Flexible automation
12) Dishwashing
13) Automatic switching machines
14) LAN
15) Communications satellites
16) Automatic tellers
17) Intelligent control
18) Feedback
19) Microcontroller
20) Sensors
21) Microprocessors
22) Maintenance and repair
23) Servomotor
24) Specialized system
25) Artificial intelligence
26) Simulation
27) Space and underwater robots
28) Air bag
29) Driverless cars
30) ABS (anti-lock braking system)
31) (NCSs) Networked Control Systems 

32) Controller

33) Control Theory

34) Optically coupled sensing
35) Control System Design
36) Closed-loop controler

37) PID controller

SOURCES:

1) Bradley, Dawson et. Al. Chapman and Hall Verlag, “Mechatronics, Electronics 
in Products and Processes”, London 1991.


The synergetic integration of mechanical processes, microelectronics and information processing opens new possibilities to the design of processes as well as for its automatic control. The solution of tasks within mechatronic systems is performed on the process side and the digital-electronic side. As the interrelations during the design play an important role, simultaneous engineering has to take place from the very beginning. Mechatronic systems are developed for mechanical elements, machines, vehicles and precision mechanic devices. The integration of mechatronic systems can be performed by the components ( hardware integration) and by information processing (software integration). The information processing consists of low-level and high-level feedback control, supervision and diagnosis and general process management. Special signal processing, model-based and adaptive methods are applied. With the aid of a knowledge base and inference mechanisms, mechatronic systems with increasing intelligence will be developed. The main goals are to increase systems performance, reliability and economy, and decrease production costs.

http://tim.sagepub.com/cgi/content/abstract/22/1/29

2) What is Industrial Automation?

Automation roboticization or industrial automation or  numerical control is the use of control systems such as computers to control industrial  machinery and processes, replacing human operators. In the scope of industrialization, it is  a step beyond mechanization. Whereas mechanization provided human operators with machinery  to assist them with the physical requirements of work, automation greatly reduces the need  for human sensory and mental requirements as well.

Currently, for manufacturing companies, the purpose of automation has shifted from  increasing productivity and reducing costs, to broader issues, such as increasing quality  and flexibility in the manufacturing process.

The old focus on using automation simply to increase productivity and reduce costs was seen  to be short-sighted, because it is also necessary to provide a skilled workforce who can  make repairs and manage the machinery.

http://www.what-is-net.info/what-is-industrial-automation.html
3)  What are the advantages of automation?

· Absolute control of speed and position

· Repeatability of moves

· Coordinating multiple piece moves

· Offline editing and simulation
· Moving pieces in complicated paths

· Reduced manual handling

· Repeating moves indefinitely

· Automatic safety checking

· Improved efficiency

· Safe movement of a single piece controlled

· several motors

· Movement in confined spaces
    How are these advantages achieved?

· Closed loop position control
· User-friendly control interface
· Mechanical modelling

· Electronic diagnostic tools
http://www.stagetech.com/download/U12520905whatisauto.pdf
4) Types of automation


Automated machines can be subdivided into two large categories—open-loop and closed-loop machines, which can then be subdivided into even smaller categories. Open-loop machines are devices that, once started, go through a cycle and then stop. A common example is the automatic dishwashing machine. Once dishes are loaded into the machine and a button pushed, the machine goes through a predetermined cycle of operations: pre-rinse, wash, rinse, and dry, for example. A human operator may have choices as to which sequence the machine should follow—heavy wash, light wash, warm and cold, and so on—but each of these operations is alike in that the machine simply does the task and then stops. Many of the most familiar appliances in homes today operate on this basis. A microwave oven, a coffee maker, and a CD player are examples.


Larger, more complex industrial operations also use open-cycle operations. For example, in the production of a car, a single machine may be programmed to place a side panel in place on the car and then weld it in a dozen or more locations. Each of the steps involved in this process—from placing the door properly to each of the different welds—takes place according to instructions programmed into the machine.
http://science.jrank.org/pages/675/Automation-Types-automation.html
5) Automation – Applications

 One can break down automation in production into basically three categories: fixed automation, programmable automation, and flexible automation. The automotive industry primarily uses fixed automation. Also known as "hard automation," this refers to an automated production facility in which the sequence of processing operations is fixed by the equipment layout. A good example of this would be an automated production line where a series of workstations are connected by a transfer system to move parts between the stations. What starts as a piece of sheet metal in the beginning of the process, becomes a car at the end.
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Programmable automation is a form of automation for producing products in batches. The products are made in batch quantities ranging from several dozen to several thousand units at a time. For each new batch, the production equipment must be reprogrammed and changed over to accommodate the new product style.

Flexible automation is an extension of programmable automation. Here, the variety of products is sufficiently limited so that the changeover of the equipment can be done very quickly and automatically. The reprogramming of the equipment in flexible automation is done off-line; that is, the programming is accomplished at a computer terminal without using the production equipment itself.
http://science.jrank.org/pages/677/Automation-Applications.html
6) The human impact of automation

The impact of automation on individuals and societies has been profound. On one level, many otherwise unpleasant and/or time-consuming tasks are now being performed by machines: dishwashing being one of the obvious examples. The transformation of the communications industry is another example of how automation has enhanced the lives of people worldwide. Today, millions of telephone calls that once would have passed through human operators are now handled by automatic switching machines.

Other applications of automation in communications systems include local area networks (LAN) and communications satellites. A LAN operates like an automated telephone company; however, they can transmit not only voice, but also digital data between terminals in the system. Satellites, necessary for transmitting telephone or video signals throughout the world, depend on automated guidance systems to place and retain the satellites in predetermined orbits.

For banking, automatic tellers are ubiquitous. The medical industry employs robots to aid the doctor in analyzing and treating patients. 
Automatic Control in Industry." In The Illustrated Science and Invention Encyclopedia. Vol. 2, pp. 192-96. Westport, CT: 
H. S. Stuttman, Inc., Publishers, 1982.
7) "Industry Spotlight: Robotics from Monster Career Advice". Retrieved on 2007-08-26.”
"Robotics is growing, and the opportunities for new applications are everywhere -- in every chore, every difficult and dangerous task," says James English, president of Energid Technologies, a provider of engineering services for robotics. "I can't imagine a field that excites the imagination more today than robotics." 

With an increasing number of industries employing robots, more engineers and software professionals are needed to engage in the challenging work of designing robotic devices that perform repetitive, unpleasant or dangerous tasks, such as assembling cell phones, washing floors or disarming bombs. 

Industries at the forefront of using robotics include agriculture, automotive, electronics, manufacturing and the military.
Roboticists say the field is notable for encompassing so many areas, including artificial intelligence, computer networks, database design, electrical engineering, mechanical engineering, user interfaces and voice recognition.
http://career-advice.monster.com/job-industry-profiles/technology/Industry-Spotlight-Robotics/home.aspx
8)  Servo-loop; servo-locked loop; servo-mechanism
A self-regulating feedback system or mechanism. Typically a feedback system consisting of a sensing element, an amplifier, and a (servo)motor, used in the automatic control of a mechanical device (such as a loudspeaker). In audio, usually the name applies to a class of electronic control circuits comprised of an amplifier and a feedback path from the output signal that is compared with a reference signal. This topology creates an error signal that is the difference between the reference and the output signal. The error signal causes the output to do whatever is necessary to reduce the error to zero. A loudspeaker system with motional feedback is such a system. A sensor is attached to the speaker cone and provides a feedback signal that is compared against the driving signal to create more accurate control of the loudspeaker. Another example is Rane's servo-locked limiter™ which is an audio peak limiter circuit where the output is compared against a reference signal (the threshold setting) creating an error signal that reduces the gain of the circuit until the error is zero.
http://www.rane.com/par-s.html#servo_loop 
9) Mechatronics: Challenges and opportunities

Professor Mohammad_ Ameen Jarrah, Mechatronics Graduate program Director American University of Sharjah, UAE

Due to the microprocessor, we can make the system function more programmable and more flexible, so that we can use the machine without the knowledge of the system, which is the Intelligent Mechatronics. Computational power is becoming a  key element in engineering product with simplest functions.  Every product uses the microcontroller in their machine even from the washing machine to distributed control of the complex plant system. Intelligent Mechatronics will continuously be developed in today's world still now.

MEMS revolutionized sensors and made it possible for the inclusion of sensor fusion in product design. For example a medium range IR sensor can detect a human body within 50 m and a light truck within 250 m. As the micromachine technology, MEMS technology and Microsystem Technology developed, the micro devices are available to our daily life such as micro sensors installed in the automobiles and the ink jet printer. Those devices give us the light weight and advance control characteristics.

http://ewh.ieee.org/r8/uae/mech.html
10) 
Artificial Intelligence. A Window to Mankind.


Robert Chin (Qin) Mrs. Baron World Lit. Honors 2/27/99

It seems almost ironic that we can have the ability to create a computer program which

mimics everything a person can do −− especially since it has taken the human races a

millennia to evolve into what we are today. Through millions of years of selection, the

world has crafted humans. The ability to create a computer program that has every one

of our abilities seems almost unfathomable compared to what the human race has had

to go through. If we are to create an artificial intelligence driven computer race from

scratch, providing only the raw materials but none of the knowledge, the computer race

we create may have to undergo the same evolutionary processes in order to become

as great as ourselves. Since it is impossible to measure the amount of

evolution that one creature has achieved, we must measure a computer’s intelligence
by a method which compares the computers knowledge with our own −− this test of

electronic intelligence was devised over 50 years ago −− called the Turing Test.

Robotics in general covers a large topic. There is one study of artificial intelligence, however, which is aimed at developing a specialized system, a system so smart that it can solve its own problems. These are expert systems.

http://qin.laya.com/files/ai.pdf
11) 
Underwater Robots Work Together Without Human Input

by Staff Writers Arlington VA (SPX) Aug 02, 2006

The underwater robots, known as gliders, will take the ocean's temperature, measure its salinity (salt content), estimate the currents and track the upwelling. Two types of gliders will be deployed -- Spray gliders and Slocum gliders. The Slocum gliders belong to David Fratantoni of the Woods Hole Oceanographic Institution; the Spray gliders to Russ Davis of the Scripps Institution of Oceanography.

http://www.spacedaily.com/reports/Underwater_Robots_Work_Together_Without_Human_Input_999.html
12) 
International Journal of Advanced Robotic Systems


Alex Ellery - Surrey Space Centre, University of Surrey, Guildford, Surrey, United Kingdom

Human exploration missions will always require prior reconnaissance by robotic missions – robots do not suffer the fragility of the human body and can reach further into outer space than human beings. Human space missions and robotic space missions are complementary. The human v robots debate is thus futile at best and vacuous at worst. There is little doubt that robotics and automation has great potential in space activities. It is uncontroversial that no space system in the foreseeable future will be entirely autonomous. However, the space engineering community has a particular aversion to placing their trust in machines, preferring to rely on the human being, be it ground operator or astronaut, to oversee, and often even manually control space activities such as rendezvous and docking. This emplacement of control on the human being can be dangerous – human performance is limited by strength, vigilance, fatigue and reaction speed. Indeed, human error has been the root cause of 65-70% of civil airline accidents. The general lesson is that if a procedure can be automated safely, then it should be. Automation is commonly adopted for fault diagnosis, power management and scheduling, and active thermal control of spacecraft.

http://www.ars-journal.com/ars/Free_Articles/Alex_Ellery.htm
13)      ROBOTICS APPLICATIONS IN MAINTENANCE AND REPAIR


LYNNE E. PARKER - Center for Engineering Systems Advanced Research, Oak Ridge National Laboratory


JOHN V. DRAPER - Robotics and Process Systems Division, Oak Ridge National Laboratory

“Robots, whether teleoperated, under supervisory control, or autonomous, have been used in a variety of applications in maintenance and repair. The following subsections describe many of these systems, focusing primarily on applications for which working robot prototypes have been developed.”

a) Nuclear Industry

b) Highways

c) Railways

d) Power Line Maintenance

e) Aircraft Servicing

f) Underwater Facilities

g) Coke Ovens

http://www.cs.utk.edu/~parker/publications/Handbook99.pdf

14) Auto Mechatronics' ultimate goal: Driverless cars

Professor William Hamel at the University of Tennessee cited by R. Colin Johnson

Williams noted, "The autonomous vehicle will deploy several sensors and many electronic sub-systems that will start, drive, steer, navigate, brake and stop the vehicle. In the mainstream passenger car markets, we expect to see this technology being exploited as a safety feature, for driver assistance and driver support, rather than completely taking over the driver function yet."


http://www.eetindia.co.in/ART_8800471516_1800007_NT_42e9e807.HTM
15)  Airbag control unit
The central airbag control unit is mounted on the tunnel under the centre console and contains sensors for triggering the airbag. Up to six satellite airbag sensors are located at points where signal flows intersect and work in conjunction with the central control unit to ensure that the occupant restraint system are activated appropriately and in time. The airbag are triggered when the system measures a rate of vehicle acceleration or deceleration higher than the rate programmed in the control unit. If the acceleration or deceleration does not exceed the system’s programmed rate, the system will not deploy.

http://www.audi.com/audi/com/en2/tools/glossary/safety/airbag_control_unit.html
16) Anti-lock Braking Systems (ABS)
ABS uses wheel speed sensors to determine if one or more wheels are trying to lock up during braking. If a wheel tries to lock up, a series of hydraulic valves limit or reduce the braking on that wheel. This prevents skidding and allows you to maintains steering control.
http://www.tc.gc.ca/roadsafety/tp/tp13082/abs1_e.htm#How
17) Stability of Networked Control Systems 
By Wei Zhang, Michael S. Branicky, and Stephen M. Phillips
Feedback control systems wherein the control loops are closed through a real-time network are called networked control systems F(NCSs) [1]-[4]. The defining feature of an NCS is that information (reference input, plant output, control input, etc.) is exchanged using a network among control system components (sensors, controller, actuators, etc.). Fig. 1 illustrates a typical setup and the information flows of an NCS. The primary advantages of an NCS are reduced systemwiring, ease of system diagnosis and maintenance, and increased system agility.
http://dora.cwru.edu/msb/pubs/ZBP2001.pdf 
18) Feedback Control Theory 

By John Doyle, Bruce Francis, Allen Tannenbaum c Macmillan Publishing Co., 1990
Issues in Control System Design                                                                                             
The process of designing a control system generally involves many steps. A typical scenario is as follows: 

1. Study the system to be controlled and decide what types of sensors and actuators will be used and where they will be placed.

2. Model the resulting system to be controlled.

3. Simplify the model if necessary so that it is tractable.

4. Analyze the resulting model; determine its properties.

5. Decide on performance speci?cations.

6. Decide on the type of controller to be used.

7. Design a controller to meet the specs, if possible; if not, modify the specs or generalize the

type of controller sought.

8. Simulate the resulting controlled system, either on a computer or in a pilot plant.

9. Repeat from step 1 if necessary.

10. Choose hardware and software and implement the controller.

11. Tune the controller on-line if necessary.
http://www.control.utoronto.ca/people/profs/francis/dft.pdf 

19) Modern Control Technology.
By Thompson Delmar ,Christopher Kilian (2005).
To avoid the problems of the open-loop controller, control theory introduces feedback. A closed-loop controller uses feedback to control states or outputs of a dynamical system. Its name comes from the information path in the system: process inputs (e.g. voltage applied to an electric motor) have an effect on the process outputs (e.g. velocity or torque of the motor), which is measured with sensors and processed by the controller; the result (the control signal) is used as input to the process, closing the loop.

Closed-loop controllers have the following advantages over open-loop controllers:

disturbance rejection (such as unmeasured friction in a motor)

guaranteed performance even with model uncertainties, when the model structure does not match perfectly the real process and the model parameters are not exact

unstable processes can be stabilized

reduced sensitivity to parameter variations

improved reference tracking performance

In some systems, closed-loop and open-loop control are used simultaneously. In such systems, the open-loop control is termed feedforward and serves to further improve reference tracking performance.

A common closed-loop controller architecture is the PID controller.
http://www.amazon.com/Modern-Control-Technology-Christopher-Kilian/dp/1401858066/ref=pd_bbs_sr_1?ie=UTF8&s=books&qid=1222773550&sr=8-1
20) Optically Coupled Sensing And Control System
United State Patent 3,816,745   JUNE 11, 1974

In an optically coupled sensing and control system, a train of light wave pulses are generated and directed along a first pathway in a first direction with the light wave pulses in said pathway diverging by a predetermined amount. Reflector apparatus receives the light wanw pulses in said first pathway and directs the received pulses in a second direction opposite the first direction along a second pathway spatially displaced from the first pathway. Detection apparatus is positioned in the second pathway to detect whether the light waves in either the firs or second pathway are interrupted. When light wave pulses are detected by the detection apparatus, an enabling signal is generated andthen applied via gatingcircuitry to memory circuitry. The gating circuitry opens for a predetermined period of time after each light wave pulse is generated to allw any enabling signal to pass to the memory circuit. The memory circuit is reset in response to the generation of each light wave pulse and is set upon receipt of an enabling signal via the gating circuitry from the detecting apparatus.the memory circuit generates an output signal whenever the circuit is in the set condition. Thus, when the light wave pulses in either the first or second pathway are interrupted, the memory circuit is placed in a reset condition and when the light wave pulses are uninterrupted, the memory circuit is alternately placed in the set and reset conditions. 
http://www.google.com.tr/patents/pdf/OPTICALLY_COUPLED_SENSING_AND_CONTROL.pdf?id=mgI1AAAAEBAJ&output=pdf&sig=ACfU3U1aSHP2BZ_Z2W_oLf4cXbj7erhxsw
