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CHAPTER 1

INTRODUCTION
CHAPTER 1
INTRODUCTION
1.1 INTRODUCTION 

      Electricity is the fuel of future, and that is not only due to the run out of other types like (petroleum-natural oil-coal…..etc).but it is also due to the great advantages of electricity like:

-It is a clean source of energy.

-It is available when it needed.

-It can be cheap and reliable.

-It can be easily converted to other types of energy like (Mechanical energy-Thermal energy-……etc).

          As we can consider all that advantages to be appoints of strength for electric vehicle also can be considered to have the same points of strength that the electrical energy had. As the electric vehicle depends totally on electricity as a source of power and due to the additional advantages of the electric vehicle like:

-The electric vehicle doesn't produce any types of pollution.

-It is emission free.

-It can be easily manufactured due to its simple components.
-It can be easily repaired

-It is noiseless as it doesn't produce any sound during operation. 

       Due to all that great advantages the electric vehicle will be the vehicle of the future and from this point of view the importance of these type of vehicle appears and the requirement of Egypt to be able to enter this new age of designing, manufacturing, production and must be considered to take the priority in the Egyptian minds.
         As we know this reality we decide to start entering this type of production and manufacturing, so we tried to make a control box of an electric vehicle, where this control box considered as the brain of the electric vehicle as it controls the direction of motion of the vehicle, it protects the motor from high current and high temperature, it ensures the stability and long life time of the vehicle battery and finally it does all that functions with another important functions which is ensuring safety  and comfort ability of the driver in highly efficient way of operation .

In this book we will discuss the different stages of the project represented in a number of chapters and these chapters will be:

1- Chapter 1 (Electric vehicle)

  -In this chapter we will discuss the history of the electric vehicle & and then we will state the advantages and disadvantages of the electric   vehicles

2- Chapter 2 (literature review)
  -In this we will discuss the previous projects and designs which have been done on the same idea of controlling the electric vehicles    
3- Chapter 3 (Hardware configuration)
  - In this chapter we will discuss the hardware components with explanation to the advantages & disadvantages of them. 
4- Chapter 4 (software configuration)

    - In this chapter we will discuss the used program in the Micro controller with defining the used functions and registers that have been used

5- Chapter 5 (Results)
6- Chapter 6 (Conclusion)
CHAPTER 2

ELECTRIC VEHICLE

CHAPTER 2

ELECTRIC VEHICLE

2.1 INTRODUCTION
         An electric vehicle (EV) is a vehicle with one or more electric motors for propulsion. This is also referred to as an electric drive vehicle. The motion may be provided either by wheels or propellers driven by rotary motors, or in the case of tracked vehicles, by linear motors.

         Unlike an internal combustion engine (ICE) that is tuned to specifically operate with a particular fuel such as gasoline or diesel, an electric drive vehicle needs electricity, which comes from sources such as batteries or a generator. This flexibility allows the drive train of the vehicle to remain the same, while the fuel source can be changed.

         The electricity used to propel the vehicle may be provided in several ways, some of them more ecological than others:

On-board rechargeable electricity storage system (RESS), called Full Electric Vehicles (FEV). Power storage methods include: 

-chemical energy stored on the vehicle in on-board batteries: Battery electric vehicle (BEV). 

-static energy stored on the vehicle in on-board electric double-layer capacitors. 

-kinetic energy storage

-direct connection to generation plants as is common among electric trains, trolley buses, and trolley trucks (See also : overhead lines, third rail and conduit current collection). 

-renewable sources such as solar power for solar vehicle.

-generated on-board using a diesel engine diesel-electric locomotive. 

-generated on-board using a fuel cell  fuel cell vehicle .

-generated on-board using nuclear energy nuclear submarines and aircraft carriers. 

It is also possible to have a hybrid electric vehicle that derives electricity from multiple sources. Such as:

-on-board rechargeable electricity storage system (RESS) and a direct continuous connection to land-based generation plants for purposes of on-highway recharging with unrestricted highway range .

-on-board rechargeable electricity storage system and a fueled propulsion power source (internal combustion engine): plug-in hybrid 

Electric vehicles can include electric airplanes, electric boats, and electric motorcycles and scooters.

        The electric vehicles were made in the 1830s, and commercial electric 
Vehicles were available by the end of the 19th century. However, 
Electric vehicles have not enjoyed the enormous success of internal combustion engine ICE 
Vehicles that normally have much longer ranges and are very easy to refuel.  Todays 
Concerns about the environment particularly noise and exhaust emissions, coupled to new 
Developments in batteries and fuel cells may swing the balance back in favor of electric 
Vehicles. It is therefore important that the principles behind the design of electric vehicles, 
The relevant technological and environmental issues are thoroughly understood.

       The current chapter presents a brief demonstration on the electrical vehicles description besides a brief description of the different chapters for the whole these of the current project.          

2.2 ELECTRIC VEHICLES
          The concept of the electric vehicle is essentially simple the vehicle consists of some major parts:

Electric battery for energy storage

Electric motor for driving

Electric controller for controlling the vehicle motion and power.

MECHANICAL CHASSIS. 
      The battery is normally recharged from mains electricity via a plug and a battery charging unit that can either be carried onboard or fitted at the charging point.  The controller will normally control the power supplied to the motor and hence the vehicle speed in forward and reverse. This is normally known as a 2 quadrant controller forwards and backwards. 
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Fig. 2.1: Simple presentation of the main parts

It is usually desirable to use regenerative braking both to recoup energy and as a convenient form of frictionless braking. When in addition the controller allows regenerative braking in forward and reverse directions it is known as a 4 quadrant controller. There is a range of electric vehicles of this type currently available on the market. At the simplest there are small electric bicycles and tricycles and small commuter vehicles and there are electric golf buggies. There is a range of full sized electric vehicles which include electric cars, delivery trucks and buses. Among the most important are also aids to mobility and also delivery vehicles and electric bicycles.

2.3 HISTORY OF EV
          Electric motive power started with a small railway operated by a miniature electric motor, built by Thomas Davenport in 1835. In 1838, a Scotsman named Robert Davidson built an electric locomotive that attained a speed of four miles per hour (6 km/h). In England a patent was granted in 1840 for the use of rails as conductors of electric current, and similar American patents were issued to Lilley and Colten in 1847. 

Between 1832 and 1839 (the exact year is uncertain), Robert Anderson of Scotland invented the first crude electric carriage, powered by non-rechargeable Primary cells.
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Fig. 2.2: Some preliminary photos of E.V 

             By the 20th century, electric cars and rail transport were commonplace, with commercial electric automobiles having the majority of the market. Over time their general-purpose commercial use reduced to specialist roles, as platform trucks, forklift trucks, tow tractors and urban delivery vehicles, such as the iconic British milk float; for most of the 20th century, the UK was the world's largest user of electric road vehicles.                       
            Electrified trains were used for coal transport as the motors did not use precious oxygen in the mines. Switzerland's lack of natural fossil resources forced the rapid electrification of their rail network. One of the earliest rechargeable batteries - the Nickel-iron battery - was favored by Edison for use in electric cars.

           Electric vehicles were among the earliest automobiles, and before the preeminence of light, powerful internal combustion engines, electric automobiles held many vehicle land speed and distance records in the early 1900s. They were produced by Baker Electric, Columbia Electric, Detroit Electric, and others and at one point in history out-sold gasoline-powered vehicles.

           In the 1930s, National City Lines, which was a partnership of General Motors, Firestone, and Standard Oil of California purchased many electric tram networks across the country to dismantle them and replace them with GM buses.                                                                              The partnership convicted of conspiring to monopolize the sale of equipment and supplies to their subsidiary companies conspiracy, but were acquitted of conspiring to monopolize the provision of transportation services. Electric tram line technologies could be used to recharge BEVs and PHEVs on the highway while the user drives, providing virtually unrestricted driving range. The technology is old and well established (see: Conduit current collection, Nickel-iron battery). The infrastructure has not been built.

          In January 1990, General Motors' President introduced its EV concept two-seater, the "Impact," at the Los Angeles Auto Show. That September, the California Air Resources Board mandated major-automaker sales of EVs, in phases starting in 1998. From 1996 to 1998 GM produced 1117 EV1s, 800 of which were made available through three-year leases.

          Chrysler, Ford, GM, Honda, Nissan and Toyota also produced limited numbers of EVs for California drivers. In 2003, upon the expiration of EV1 leases, GM crushed them. The crushing has variously been attributed to 1) the auto industry's successful federal court challenge to California's zero-emissions vehicle mandate, 2) a federal regulation requiring GM to produce and maintain spare parts for the few thousands EV1s and 3) the success of the Oil and Auto industries' media campaign to reduce public acceptance of electric vehicles.

         A movie made on the subject in 2005-2006 was titled who killed the Electric Car? And released theatrically by Sony Pictures Classics in 2006. The film explores the roles of automobile manufacturers, oil industry, the U.S. government, batteries, hydrogen vehicles, and consumers, and each of their roles in limiting the deployment and adoption of this technology.

Honda, Nissan and Toyota also repossessed and crushed most of their EVs, which, like the GM EV1s, had been available only by closed-end lease. After public protests, Toyota sold 200 of its RAV EVs to eager buyers; they now sell, five years later, at over their original forty-thousand-dollar price.

The production of the Citroën Berlingo Electrique stopped in September 2005.

Nowadays, electric vehicles are hitting the mainstream .
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Fig. 2.3: Modern manufactured E.V

2.4 ELECTRICITY SOURCES
         Batteries, electric double-layer capacitors and flywheel energy storage are forms of rechargeable on-board electrical storage. By avoiding an intermediate mechanical step, the energy conversion efficiency can be improved over the hybrids already discussed, by avoiding unnecessary energy conversions. Furthermore, electro-chemical batteries conversions are easy to reverse, allowing electrical energy to be stored in chemical form.

Another form of chemical to electrical conversion is fuel cells, projected for future use.

        For especially large electric vehicles, such as submarines, the chemical energy of the diesel-electric can be replaced by a nuclear reactor. The nuclear reactor usually provides heat, which drives a steam turbine, which drives a generator, which is then fed to the propulsion. See Nuclear Power
2.5 ELECTRIC MOTORS
         The power of a vehicle electric motor, as in other vehicles, is measured in kilowatts (kW). 100 kW is roughly equivalent to 134 horsepower, although most electric motors deliver full torque over a wide RPM range, so the performance is not equivalent, and far exceeds a 134 horsepower (100 kW) fuel-powered motor, which has a limited torque curve.

        Usually, direct current (DC) electricity is fed into a DC/AC inverter where it is converted to alternating current (AC) electricity and this AC electricity is connected to a 3-phase AC motor. For electric trains, DC motors are often used.

2.6 VEHICLE TYPES
2.6.1 ELECTRIC CAR
        Most large electric transport systems are powered by stationary sources of electricity that are directly connected to the vehicles through wires. Electric traction allows the use of regenerative braking, in which the motors are used as brakes and become generators that transform the motion of, usually, a train into electrical power that is then fed back into the lines. This system is particularly advantageous in mountainous operations, as descending vehicles can produce a large portion of the power required for those ascending. This regenerative system is only viable if the system is large enough to utilize the power generated by descending vehicles. Due to the extra infrastructure and difficulty in handling arbitrary travel, most directly connected vehicles are owned publicly or by large companies. These forms of transportation are covered in more detail in electric buses, trams, metros and trolleybuses and electric locomotives.
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In the systems above motion is provided by a rotary electric motor. However, it is possible to "unroll" the motor to drive directly against a special matched track. These linear motors are used in maglev trains which float above the rails supported by magnetic levitation. This allows for almost no rolling resistance of the vehicle and no mechanical wear and tear of the train or track. Levitation and forward motion are two independent effects; the forward motive force normally requires external power, although some types, such as Induct rack, achieve levitation at low speeds without any. In addition to the high-performance control systems needed, switching and curving of the tracks becomes difficult with linear motors, which to date has restricted their operations to high-speed point to point 

Fig. 2.4: Electric Bus

Fig. 24: elcterical bus
2.6.2 SMALL SCALE ELECTRIC VEHICLES
          Some bicycles have been converted to electric power with a small battery and a small electric motor; some even have solar panels that are folded out when the vehicle is at rest. Small scale electric vehicles include electric cars, light trucks, neighborhood electric vehicles, motorcycles, motorized bicycles, electric scooters , golf carts, milk floats, forklifts and similar vehicles.
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Fig. 2.5:  Some EV's with strange design
2.7 ISSUES REGARDING E.V
2.7.1 ENERGY SOURCES
          Although electric vehicles have few direct emissions, all rely on energy created through electricity generation, emit pollution and generate waste, unless it is generated by renewable source power plants. Since electric vehicles use whatever electricity is delivered by their electrical utility/grid operator, electric vehicles can be made more efficient or less polluting by modify the electrical generating stations. This would be done by an electrical utility under a government energy policy, in a timescale negotiated between utilities and government.

      Fossil fuel vehicle efficiency and pollution standards take years to filter through a nation's fleet of vehicles. New efficiency and pollution standards rely on the purchase of new vehicles, often as the current vehicles already on the road reach their end-of-life. Only a few nations set a retirement age for old vehicles, such as Japan or Singapore, forcing periodic upgrading of all vehicles already on the road.

       Electric vehicles will take advantage of whatever environmental gains happen when a renewable energy generation station comes online; a fossil fuel station is decommissioned or upgraded. Conversely, if government policy or economic conditions shifts generators back to use more polluting fossil fuels and internal combustion engine vehicles (ICEVs), or more inefficient sources, the reverse can happen. Even in such a situation, electrical vehicles are still more efficient than a comparable amount of fossil fuel vehicles. In areas with a deregulated electrical energy market, an electrical vehicle owner can choose whether to run his electrical vehicle off conventional electrical energy sources, or strictly from renewable electrical energy sources (presumably at an additional cost), and switch at any time between the two.

2.7.2 EFFICIENCY
         Because of the different methods of charging possible, the emissions produced have been quantified in different ways. Plug-in EV and hybrids also have different consumption characteristics.
       Electromagnetic radiation from high performance electrical motors has been claimed to be associated with some human ailments, but such claims are largely unsubstantiated except for extremely high exposures.[7] Electric motors can be shielded within a metallic Faraday's cage, but this reduces efficiency by adding weight to the vehicle, while it is not conclusive that all electromagnetic radiation can be contained.
2.7.3 CAPACITY
       If a large proportion of private vehicles were to convert to grid electricity it would increase the demand for generation and transmission, and consequent emissions. However, overall energy consumption and emissions would diminish because of the higher efficiency of electric vehicles over the entire cycle. In the USA it has been estimated there is already nearly sufficient existing power plant and transmission infrastructure, assuming that most charging would occur overnight, using the most efficient off-peak base load sources.

2.8 ISSUES REGARDING BATTERIES
       On an energy basis, the price of electricity to run an EV is a small fraction of the cost of liquid fuel needed to produce an equivalent amount of energy. Issues related to batteries, however, can add to the operating costs.

2.8.1 LEAD-ACID
      Traditionally, most EVs have used lead-acid batteries due to their mature technology, high availability, and low cost (exception: some early EVs, such as the Detroit Electric, used nickel-iron.) Like all batteries, they have an environmental impact through their construction, use, disposal or recycling. On the upside, vehicle battery recycling rates top 95% in the United States. Deep-cycle lead batteries are expensive and have a shorter life than the vehicle itself, typically needing replacement every 3 years.

      Lead-acid batteries in EV applications end up being a significant (25%-50%) portion of the final vehicle mass. Like all batteries, they have significantly lower energy density than petroleum fuels -- in this case, 30-40Wh/kg. While the difference isn't as extreme as it first appears due to the lighter drive-train in an EV, even the best batteries tend to lead to higher masses when applied to vehicles with a normal range. The efficiency (70-75%) and storage capacity of the current generation of common deep cycle lead acid batteries decreases with lower temperatures, and diverting power to run a heating coil reduces efficiency and range by up to 40%. Recent advances in battery efficiency, capacity, materials, safety, toxicity and durability are likely to allow these superior characteristics to be applied in car-sized EVs.

     Charging and operation of batteries typically results in the emission of hydrogen, oxygen and sulfur, which are naturally occurring and normally harmless if properly vented. Early car owners discovered that, if not vented properly, unpleasant sulfur smells would leak into the cabin immediately after charging.

Lead-acid batteries have been re-engineered by Firefly Energy, increasing longevity, slightly increasing energy density, and significantly increasing power density. Firefly is expected market lightweight vehicle batteries, either directly or through manufacturing partners in 2008.

Lead-acid batteries powered such early-modern EVs as the original versions of the EV1 and the RAV4EV.
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Fig. 2.6: different types of  batteries 
2.8.2 NICKEL METAL HYDRIDE
         Nickel-metal hydride batteries are now considered a relatively mature technology. While less efficient (60-70%) in charging and discharging than even lead-acid, they boast an energy density of 30-80Wh/kg, far higher than lead-acid. When used properly, nickel-metal hydride batteries can have exceptionally long lives, as has been demonstrated in their use in hybrid cars and surviving NiMH RAV4EVs that still operate well after 100,000 miles (160,000 km) and over a decade of service. Downsides include the poor efficiency, high self-discharge, very finicky charge cycles, and poor performance in cold weather. GM Ovonic produced the NiMH battery used in the second generation EV-1, and Cobasys makes a nearly identical battery (ten 1.2V 85Ah NiMH cells in series in contrast with eleven cells for Ovonic battery). This worked very well in the EV-1. Patent encumbrance has limited the use of these batteries in recent years.

2.8.3 ZEBRA
         The sodium or "zebra" battery uses molten chloroaluminate (NaAlCl4) sodium as the electrolyte. This chemistry is also occasionally referred to as "hot salt". A relatively mature technology, the Zebra battery boasts an energy density of 120Wh/kg and reasonable series resistance. Since the battery must be heated for use, cold weather doesn't strongly affect its operation except for in increasing heating costs. They have been used in several EVs. Zebras can last for a few thousand charge cycles and are nontoxic. The downsides to the Zebra battery include poor power density (<300 W/kg) and the requirement of having to heat the electrolyte to ~270*C, which wastes some energy and presents difficulties in long-term storage of charge.

       Zebra batteries have been used in the Modec vehicle commercial vehicle since it entered production in 2006.

2.8.4 LITHIUM ION
            Lithium-ion (and similar lithium polymer) batteries, widely known through their use in laptops and consumer electronics, dominate the most recent group of EVs in development. The traditional lithium-ion chemistry involves a lithium cobalt oxide cathode and a graphite anode. This yields cells with an impressive 200+Wh/kg energy density and good power density, and 80 to 90% charge/discharge efficiency. The downsides of traditional lithium-ion batteries include short cycle life's (hundreds to a few thousand charge cycles) and significant degradation with age. The cathode is also somewhat toxic. Also, traditional lithium-ion batteries can pose a fire safety risk if punctured or charged improperly. The maturity of this technology is moderate.The Tesla Roadster uses "blades" of traditional lithium-ion "laptop battery"    cells that can be replaced individually as needed.

         Most other EVs are utilizing new variations on lithium-ion chemistry that sacrifice energy density to provide extreme power density, fire resistance, environmental friendliness, very rapid charges (as low as a few minutes), and very long life spans. These variants (phosphates, titanates, spinels, etc) have been shown to have a much longer lifetime, with A123 expecting their lithium iron phosphate batteries to last for at least 10+ years and 7000+ charge cycles, and LG Chem expecting their lithium-manganese spine batteries to last up to 40 years. 

        Much work is being done on lithium ion batteries in the lab. Lithium vanadium oxide has already made its way into the Subaru prototype G4e, doubling energy density. Silicon Nano wires, silicon Nano particles, and tin Nan particles promise several times the energy density in the anode, while composite and superlattice cathodes also promise significant density improvements.

2.9 CHARING STATIONS AND BATTERY SWAPPING
        Electric vehicles typically charge from either outlets or dedicated charging stations, a process that typically takes hours. One proposed solution is "rapid charging", such as the Aerovironment PosiCharge line (up to 250kW) and the Norvik MinitCharge line (up to 300kW). Battery replacement is also proposed as an alternative. While it suffers from some problems (weight, standardization, etc), Project Better Place has already raised several hundred million dollars to build several electric vehicle networks of charging and battery replacement stations. One type of battery "replacement" proposed is much simpler: while the latest generation of vanadium redox battery only has an energy density similar to lead-acid, the charge is stored solely in a vanadium-based electrolyte, which can be pumped out and replaced with charged fluid.

      The vanadium battery system is also a potential candidate for intermediate energy storage in quick charging stations because of its high power density and extremely good endurance in daily use. System cost however, is still prohibitive. As vanadium battery systems are estimated to range between $350–$600 per kWh, a battery that can service one hundred customers in a 24 hour period at 50 kWh per charge would cost $1.8-$3 million.

2.10 OTHER IN- DEVELOPMENT TECHNOLOGIES
          Conventional electric double-layer capacitors are being worked to achieve the energy density of lithium ion batteries, offering almost unlimited life spans and no environmental issues. High-K electric double-layer capacitors, such as EEStor's EESU, promise to best lithium ion energy density several times over if they can be produced. Lithium-sulphur batteries offer 250Wh/kg. Sodium-ion batteries promise 400Wh/kg with only minimal expansion/contraction during charge/discharge and a very high surface area.

2.11 MECHANICALLY RECHARGEABLE BATTERIES 
         There is another way to "refuel" electrical vehicles. Instead of recharging them from electric socket, batteries could be mechanically replaced on special stations just in a couple of minutes.

The general rule here is the more energy density a battery has the more difficult it is to recharge electrically.

       There is a Vanadium and Titanium diboride battery which has great energy density, but can't be recharged electrically. Instead, thermal methods of recharging could be used. If coal, nuclear or geothermal energy used as a source, overall efficiency could be much better than in electrically rechargeable batteries, but can be environmental externalities. Although renewable energy sources also could be used to recharge such type of batteries with high efficiency.
2.12 DISADVANTAGES OF E.V
         Many electric designs have limited range, due to the low energy density of batteries compared to the fuel of internal combustion engined vehicles. Electric vehicles also often have long recharge times compared to the relatively fast process of refueling a tank. This is further complicated by the current scarcity of public charging stations.

        Contrary to widespread belief, according to Department of Energy research conducted at Pacific National Laboratory, 84% of existing vehicles could be switched over to plug-in hybrids without requiring any new grid infrastructure. In terms of transportation, the net result would be a 27% reduction in carbon dioxide emissions, a slight reduction in nitrous oxide emissions, an increase in particulate matter emissions, the same sulfur dioxide emissions, and the near elimination of carbon monoxide and volatile organic compound emissions. The emissions would be displaced away from street level and have correspondingly less effect on human health.

2.12.1 HEATING OF ELECTRIC VEHICLES
        In cold climates considerable energy is needed to heat the interior of the vehicle, and to defrost the windows. With IC engines this heat can come for free from the waste heat from the engine cooling circuit. If this is done with battery power cars, this will require extra energy from the battery, although some could be harvested from the motor and battery itself. There is not being as much waste heat available as from an ICE engine.

        However when plugged into the grid electric vehicles can be preheated, or cooled, and need little or no energy from the battery pack, especially for short trips.

        Newer designs are focused on using super-insulated cabins which can heat the car using the body heat of the passengers.

2.13 ADVANTAGES OF E.V
2.13.1 MECHANICAL
Electric motors are mechanically very simple.

Electric motors often achieve 90% energy conversion efficiency over the full range of speeds and power output and can be precisely controlled. They can also be combined with regenerative braking systems that have the ability to convert movement energy back into stored electricity. This can be used to reduce the wear on brake systems (and consequent brake pad dust) and reduce the total energy requirement of a trip. Regenerative braking is especially effective for start-and-stop city use.

        They can be finely controlled and provide high torque from rest, unlike internal combustion engines, and do not need multiple gears to match power curves. This removes the need for gearboxes and torque converters.

Electric vehicles have less vibration than internal combustion engines
2.13.2 ENVIRONMENTAL
         Electric vehicle release almost no air pollutants at the place where they are operated. In addition, it is generally easier to build pollution control systems into centralized power stations than retrofit enormous numbers of cars.

        Another advantage is that electric vehicles typically have less noise pollution than a vehicle powered by an internal combustion engine, whether it is at rest or in motion.

2.13.3 ENERGY RESILIENCE
        Electricity is a form of energy that remains within the continent where it was produced and can be multi-sourced. As a result it gives the greatest degree of energy resilience.
2.13.4 COST OF RECHARGE
        The GM Volt will cost "less than purchasing a cup of your favorite coffee" to recharge. The Volt should cost less than 2 cents per mile to drive on electricity, compared with 12 cents a mile on gasoline at a price of $3.60 a gallon. This means a trip from Los Angeles to New York would cost $56 on electricity, and $336 with gasoline. This would be the equivalent to paying 70 cents a gallon of gas.
2.13.5 STABILIZING THE GRID
       There is potential to allow electric vehicles to enhance electric grid response by feeding electricity into the grid during peak air conditioning times (mid-afternoon) while allowing sufficient charge for expected evening use as determined by the vehicle's predicted use profile. 

       Furthermore, our current electricity infrastructure will most likely have to cope with increasing shares of variable-output power sources such as windmills and PV solar panels. This variability could to some extent be compensated for by, in real time, adjusting the speed at which EV batteries are charged, or possibly even discharged in the future.

      Some concepts see battery exchange and hence battery charging station, much like petrol stations today. Clearly these will enormous storage and charging potentials, which can be manipulate to vary rate of charging, and to output power during shortage periods, much as diesel generators are used for short periods to stabilize the UK and other national Grids.

2.13.6 SAVINGS OF LIQUID FOSSIL FUEL
         Any shift from private to public transport (diesel bus, trolley bus or tram) makes a huge gain in efficiency in terms of individual miles per kWh, but research shows people don't want to give up cars for diesel buses - perceived as low class and low status.

        But research shows people do prefer trams, because they are quieter and more comfortable and perceived as having higher status.

People appreciate the way traffic has to part when a tram comes meaning they can move around cities much more swiftly than in diesel buses or trolley buses.

       Therefore the key to cutting liquid fossil fuel consumption in cities is the 

It turns out that trams are the most energy efficient form of public transport, with rubber wheeled vehicles using 2/3 more energy that the equivalent tram, and can run on electricity rather than imported fossil fuels. The electricity can come from renewable sources.

       In terms of NPV, they are also the cheapest - Black pool trams are still running after 100 years, but buses only last about 15.
2.14 ELECTRIC VEHICLES MANUFACTURING COUNTRIES 
2.14.1 UNITED STATES
      In 2003 the Energy Information Administration (EIA) estimated there would be 55,852 Full-electric vehicles (FEV) in 2004, with an annual growth rate of 39.1 % (excluding in this estimation electric hybrids). 

The EIA's 2007 Annual Energy Review (AER) estimates the actual number of FEV's on the road in 2004 as 49,536 and a preliminary estimated 2006 number of 53,526. 

        President Barrack Obama has announced $2.4 billion for electric vehicles. . $1.5 billion in grants to U.S. based manufacturers to produce these highly efficient batteries and their components; up to $500 million in grants to U.S. based manufacturers to produce other components needed for electric vehicles, such as electric motors and other components; and up to $400 million to demonstrate and evaluate Plug-In Hybrids and other electric infrastructure concepts -- like truck stop charging station, electric rail, and training for technicians to build and repair electric vehicles (green collar jobs. 

        Qualifying electric vehicles purchased new are eligible for a one-time federal tax credit that equals 10% of the cost of the vehicle up to $4,000, provided under Section 179A of the Energy Policy Act of 1992; it was extended through 2007 by the Working Families Tax Relief Act of 2004. A tax deduction of up to $100,000 per location is available for qualified electric vehicle recharging property used in a trade or business.

          In 2008, Mayor Gavin Newsom, San Jose Mayor Chuck Reed and Oakland Mayor Ron Dellums announced a nine-step policy plan for transforming the Bay Area into the "Electric Vehicle (EV) Capital of the U.S.". Other local and state governments have also expressed interest in electric cars. 

        In March 2009, as part of the American Recovery and Reinvestment Act, the U.S. Department of Energy announced the release of two competitive solicitations for up to $2 billion in federal funding for competitively awarded cost-shared agreements for manufacturing of advanced batteries and related drive components as well as up to $400 million for transportation electrification demonstration and deployment projects. This announcement will also help meet President Osama's goal of putting one million plug-in hybrid vehicles on the road by 2015. 

       The America Clean Energy and Security Act (ACES), which passed the Energy and Commerce Committee on May 21st, 2009, have extensive provisions for electric cars. The bill calls for all electric utilities to, “develop a plan to support the use of plug-in electric drive vehicles, including heavy-duty hybrid electric vehicles”. The bill also provides for “smart grid integration,” allowing for more efficient, effective delivery of electricity to accommodate the additional demands of plug-in electric vehicles. Finally, the bill allows for the Department of Energy to fund projects that support the development of electric vehicle and smart grid technology and infrastructure. The bill is slated to go before the full congress this summer.

       The House of Representatives passed legislation in late 2008, enumerating tax credits ranging from $2500 to $7500 for electric vehicle buyers. The actual credit varies depending on the specified vehicle’s battery capacity. The Chevrolet Volt and the Tesla vehicles are both eligible for the full $7500 credit. The bill called for the credit to be applicable for the first 250,000 vehicles sold per manufacturer. The credits were passed in 2008 but went into effect on January 1st, 2009, and can be currently used on the Tesla all-electric models. The Volt, plug-in Prius, and other PHEV's and BEV's will also be eligible for the credit when they are released in the coming years. The new credits update incentives introduced in 2006, that offered credits for gas-electric hybrids, "Based on a formula determined by vehicle weight, technology, and fuel economy compared to base year models," which expired after 60,000 units per manufacturer. The new credits will only apply to plug-in EVs and all-electric vehicles.
2.14.2 EUROPEAN UNION
        Directive 2006/32/EC of the European Parliament and of the Council of 5 April 2006 on energy end-use efficiency and energy services includes measures to promote efficient vehicles.

        AVERE has a table summarizing the taxation and incentives for these vehicles in the different European countries, related to state subsidies, reduction of VAT and other taxes, insurance facilities, parking and charging facilities (including free recharging on street or in the parking ares), EV imposed by law and banned circulation for petroleum cars, permission to use bus lanes, free road tax, toll free on highways and exempt from congestion charging free or reduced parking, free charging at charge points, between others. In Denmark petrol cars is taxed 180%+25% however EV cars (max. 2000 kg total weight) is only taxed 25%, free parking in Copenhagen and other cities, free recharging at some parking spaces
2.14.3 EU MEMBER STATES
       In Portugal, the government has linked up with car-makers to further the use of electric cars by investing in setting up electric charging stations across the country and in raising awareness of the vehicle's benefits.

       In October 2008 UK Prime Minister Gordon Brown pledged £100 million in government money to support electric, hybrid and other more environmentally friendly car projects over a five-year period to help make Britain "the European capital for electric cars".

      Denmark is planning to introduce a greater number of battery driven electric cars on the streets - charged on renewable energy from the country's many windmills - ahead of the UN Climate Summit that is to descend on Copenhagen in December 2009. A great deal of the electricity is generated by windmills.
	“
	Electric vehicles are the future and the driver of the industrial revolution
	”


Spain's government aims to have 1 million electric cars on the roads by 2014 as part of a plan to cut energy consumption and dependence on expensive imports, Industry Minister Miguel Sebastian said

2.14.4 CHINA
         Many electric car companies are looking to China as the leader of future electric car implementation around the world. In April of this year, Chinese officials announced their plan to make China the world’s largest producer of electric cars. The Renault-Nissan Alliance will work with China’s Ministry of Industry and Information Technology (MITI) to help set up battery recharging networks throughout the city of Wuhan, the pilot city in the country’s electrical vehicle pilot program. The corporation plans to have electric vehicles on the market by 2011. According to an April 10th New York Times Article entitled “China Outlines Plans for Making Cars,” auto manufacturers will possess the opportunity to successfully market their cars to Chinese consumers due to the short and slow commutes that characterize Chinese transportation, and Chinese consumers generally diminished experience with high powered gasoline-powered cars, subsequently diminishing the hindering nature of lower powered electric vehicles. Furthermore, in an attempt to design a program with incentives for buyers, MITI intends to give large subsidies to buyers of electric cars; the country has 10 billion Yuan, almost 1.5 billion U.S. dollars, to boost the automotive industry’s efforts towards modernization.

2.15 BUYING AND LEASING
         Ferdinand Dudenhoeffer, head of the Centre of Automotive Research at the Gelsenkirchen University of Applied Sciences in Germany, said that "by 2025, all passenger cars sold in Europe will be electric or hybrid" electric.

Several start-up companies like Tesla Motors, Ronaele Incorporated, Commuter Cars, Phoenix Motorcars, Miles Electric Vehicles, and Aptera Motors will have powerful battery-electric vehicles available to the public in 2008. Battery and energy storage technology is advancing rapidly. The average distance driven by 80% of citizens per day in a car in the US is about 50 miles (US dept of transport, 1991), which fits easily within the current range of the electric car. This range can be improved by technologies such as Plug-in hybrid electric vehicles which are capable of using traditional fuels for unlimited range, rapid charging stations for BEVs, improved energy density batteries, flow batteries, or battery swapping.

       In 2006 GM began the development of a plug-in hybrid that will use a lithium-ion battery. The vehicle, initially known as the iCar, is now called the Chevrolet Volt. The basic design was first exhibited January 2007 at the North American International Auto Show. GM is planning to have this EV ready for sale to the public in the latter half of 2010. The car is to have a 50-mile (80 km) range. If the battery capacity falls below 30 percent a small internal combustion engine will kick in to charge the battery on the go. This in effect increases the range of the vehicle, allowing it to be driven until it can be fully charged by plugging it into a standard household AC electrical source.

On October 29, 2007, Shai Agassi launched Project Better Place, a company focused on building massive scale Electric Recharge Grids as infrastructure supporting the deployment of electric vehicles (including plug-in hybrids) in countries around the world. On January 21, BPP and the Nissan-Renault group signed a MOU - PBP will provide the battery recharging and swapping infrastructure and Renault-Nissan will mass-produce the vehicles.

2.16 IMPROVING LONG TERM ENERGEY STORAGE AND NANO BATTERIES 
        There have been several developments which could bring electric vehicles outside their current fields of application, as scooters, golf cars, neighborhood vehicles, in industrial operational yards and indoor operation. First, advances in lithium-based battery technology, in large part driven by the consumer electronics industry, allow full-sized, highway-capable electric vehicles to be propelled as far on a single charge as conventional cars go on a single tank of gasoline. Lithium batteries have been made safe, can be recharged in minutes instead of hours, and now last longer than the typical vehicle. The production cost of these lighter, higher-capacity lithium batteries is gradually decreasing as the technology matures and production volumes increase.

2.17 INTRODUCTION TO BATTERY MANAGEMENTS 
       Another improvement is to decouple the electric motor from the battery through electronic control, employing ultra-capacitors to buffer large but short power demands and regenerative braking energy. The development of new cell types combined with intelligent cell management improved both weak points mentioned above. The cell management involves not only monitoring the health of the cells but also a redundant cell configuration (one more cell than needed). With sophisticated switched wiring it is possible to condition one cell while the rest are on duty.
2.18 100X FASTER BATTERY RECHARGERING 
      By soaking the matter found in conventional lithium ion batteries in a special solution, lithium ion batteries can be recharged 100x faster. The research was conducted by Gerbrand ceder of the MIT. The researchers believe the solution may appear on the market in 2011
CHAPTER 3
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CHAPTER 3
LITERATURE REVIEW OF THE CONTROLLING SYSTEMS AND COMPARING WITH OUR PROJECT
3.1 INTRODUCTION
       In the previous project it was a technique that was used to control the dc motor of the electric vehicle and in turn controlling the vehicle at all. If supply of direct current at appropriate potential difference is available, it may be controlled by dc-to dc converter and used to supply dc motor
The objectives of this chapter is to get an overview of control circuit and drive circuit used in the previous project and to know the problems that they faced and how the control and drive circuit was developed in this project to be used in electric vehicles without problem.
3.2 MOTOR CONTROLLING TECHNIQUES

         They used the pulse-width modulation (PWM) technique for varying the voltage applied to the dc- motor armature terminal.
The PWM voltage waveforms for the motor can be obtained using a special power electronic circuit called a dc chopper. 
 In their project they used one type of DC chopper configuration called bridge power converter also known as H-bridge converter.
The schematic diagram of this converter is shown in figure. It takes a DC supply voltage and provides 4-quadrant control to a load connected between two pairs of power switching transistors. Because the switches allow current to flow bidirectional, the voltage across the load and the direction of current through the load can be of either polarity. H-Bridges are often used to control the speed, position or torque of DC and stepper motors. Traditionally implemented with either discrete or monolithic bipolar transistors, fully integrated solutions are becoming increasingly popular in printer, plotter, robotics and process control applications .that require 0.5A to 3.0A and operate from 12V to 55 V. Also this circuit can be applied with in ranges more than 100 Amperes.
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Fig. 3.1 BASIC H-BRIDGES CIRCUIT

 They used the transistor (IGBTs) technology as a switch in the H-bridge with the two modules which each one of them contains two series IGBTs with its free wheeling diodes and its heat sinks.
 During the first experiment using one module with the wheels lifted off the ground, no problems occurred. But as the wheels touch the ground, the wheel stopped. Then, after testing the module, they found that the module damaged.

So, they decided to change the design from four quadrants by H-bridge to two quadrants by one module only.
3.3 CONTROL CIRCUIT OF THE PREVIOUS PROJECT
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Fig. 3.2 control circuit of PWM with pic

In this circuit PIC 16f876 is used to obtain pulse width modulation (PWM) used for speed control of the dc motor of the electric vehicle. 

The control voltage is changed from 0v to +5v by variable resistor. The voltage is inputted to the analog port ANO (pin 2) of PIC which is used for the analog input port. 

Because the operating voltage of PIC is + 5v, a transistor is used to

Step up the output voltage to 12 volt variable.

They used assembly language as programming language. 

3.4 PIC16F876A MICROCONTROLLER FEATURES
-Operating speed: 20 MHz, 200 ns instruction cycle 

-Operating voltage: 4.0-5.5V 

-Industrial temperature range (-40° to +85°C) 

-14 Interrupt Sources 

-35 single-word instructions 

-All single-cycle instructions except for program branches (two-cycle) 
3.4.1 SPECIAL MICROCONTROLLER FEATURES
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Flash Memory: 14.3 Kbytes (8192 words

Data SRAM: 368 bytes 

Data EEPROM: 256 bytes 

Self-reprogrammable under software control 

In-Circuit Serial Programming via two pins (5V) 

Watchdog Timer with on-chip RC oscillator                 Fig. 2.3 PIC 16F876

 Programmable code protection 


Power-saving Sleep mode 

Selectable oscillator options 

In-Circuit Debug via two pins    

3.4.2 PERIPHERAL FEATURES 
22 I/O pins; 3 I/O ports 
Timer: 8-bit timer/counter with 8-bit presales 

Timer: 16-bit timer/counter with presales 

Can be incremented during Sleep via external crystal/clock 

Timer: 8-bit timer/counter with 8-bit period registers

Two Capture, Compare, PWM modules 

16-bit Capture input; max resolution 12.5 ns 

16-bit Compare; max resolution 200 ns 

10-bit PWM 

Synchronous Serial Port with two modes: 

SPI Master 

I2C Master and Slave 

USART/SCI with 9-bit address detection 

Brown-out detection circuitry for Brown-Out Reset 

3.4.3 ANALOG FEATURES
10-bit, 5-channel A/D Converter 
Brown-Out Reset 

Analog Comparator module 

2 analog comparators 

Programmable on-chip voltage reference module 

Programmable input multiplexing from device inputs and internal VREF 

Comparator outputs are externally accessible 

3.5 MOTOR CONTROLLING TECHNIQUE USED IN THE PRESENT PROJECT
        In the present project separately excited dc motor with 3.5 hp power rating is used with pulse width modulation PWM technique to regulate the current sent to the motor. Unlike SCR controls which switch at line frequency, PWM controls produce smoother current at higher switching frequencies, typically between 1 and 20 kHz.  Advantage of high switching frequency is inaudible to humans, thereby eliminating the hum which switching at lower frequency produces. However, some motor controllers for radio controlled models make use of the motor to produce audible sound, most commonly simple beeps.
3.6 SPEED CONTROL TECHNIQUE OF SEPARATELY EXCITED DC MOTOR
          The speed of a separately excited dc motor could be varied from. Zero to rated speed mainly by varying armature voltage in the constant torque region. Whereas in the constant power region, field flux should be reduced to achieve speed above the rated speed so H-bridge is used in the field circuit to operate in the four –quadrant, however the speed control of motor is achieved by control the voltage across the armature circuit using step down converter circuit. As shown in Fig. 3.4
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Fig. 3.4 drive circuit for separately excited dc motor

        The operation of the step-down converter can be divided into two modes .During mode 1, the converter is switched on and the current flows from the supply to the load .During mode 2, the converter is switched off and the load current continues to flow through freewheeling diode D1.
       If the freewheeling diode is not present, the inductive energy (presented by the armature circuit of DC motor) induces a very high voltage and this energy is dissipated as heat across the switch as sparks and the switch may be damage .So if the switch is opened (Q1) a path must be provided for the current to flow. This is normally done by connecting a diode D1 across the armature circuit of the motor. Also in the H-bridge converter, the switches have internal integral reverse diodes, which provide a path for preserving the continuity of the current flow when one, or more switches are turned off.

3.7 POWER SEMICONDUCTOR DEVICES

       Presently available power semiconductor devices can be classified into three groups according to their degree of controllability:

-Diodes. On and off states are controlled by the power circuit.

-Thyristors. Latched on by a control signal but must be turned off by the power circuit.

-Controllable switches. Turned on and off by control signals.

    The controllable switch category includes several device type include bipolar junction transistors (BJTs),metal-oxide-semiconductor field effect transistors (MOSFETs),gate turn off (GTO)thyristors, and insulated gate bipolar transistors (IGBTs).

    Transistors and Mosfets are invariably employed in the switching mode either in the fully on or fully off states to reduce losses .A continuous base current drive is required in the conducting state.

    The main advantage of a MOSFET is that as a voltage-controlled device it has a high gate input impedance permitting a direct drive from low –power logic circuitry and this give very low gate power loss. In addition to it’s switching times is very short and can operate in high-speed switching frequencies.So we decide to use the MOSFET technology as a switch in the power electronic converter.

3.8 PROTECTION OF SEMICONDUCTOR 
      If a power electronic converter stresses a power semiconductor device beyond its rating, there are two basic ways of relieving the problem. Either the device can be replaced with one whose ratings exceed the stresses or snubber circuit can be added to the basic converter to reduce the stresses to safe levels. The function of a snubber circuit is to reduce the electrical stresses placed on a device during switching by a power electronics converter to level that are within the electrical ratings of the device. So snubber circuit is used in this project, which connected across each power semiconductor switch to limit the rate of rise (dv/dt) of voltage across devices during turn-off in addition to reduce turning off switching power loss.
3.9 PROTECTION OF ALL CIRCUIT AND CURRENT PROTECTION

          The power converters may develop short circuit or faults and the resultant fault current must be cleared quickly. Fast-acting fuses are normally used to protect the semiconductor devices .As the fault current increases, the fuse open and clear the fault current in the few millisecond.
3.10 CONTROL CIRCUIT TECHNIQUES USED IN PRESENT PROJECT 
Our aim is development and processing very accuracy control circuit using microcontroller
3.10.1 CHOICE OF MICROCONTROLLER
          In the control circuit pic18f452 is used which has the following advantage over pic16 series family.

The pic18 series family is an extremely powerful family of microcontrollers. 

The CPU of this family is designed to be comparable to other powerful 8-bit CPUs in addition to the rich set of peripherals the pic microcontrollers are famous for. In the same price category. It is never found a microcontroller with such amount of integrated peripherals like the pic microcontrollers especially the pic18. Some members of this family include USB ports and Ethernet ports. Also some members have large amounts of flash program memory up to 128KB.Morover it has some features that is not available in pic16 family such that 36 I/O pin with 25 mA source/sink capability, Three programmable external interrupts, and two CCP (capture compare PWM) modules. The instruction set has increased again, now to 75 instructions, and is designed to facilitate use of the C programming language. That is why we decided to work with this family.

[image: image8.emf]
Fig. 3.5 pic18 series family
In our project, the two ccp modules are used to generate two PWM signal that control the field and the armature power circuit and in turn controlling the separately excited dc-motor at all.

3.10.2 ISOLATION AND GATE DRIVE CIRCUIT
           Opto coupler is used to insulate and isolate two circuit supplies (HV power circuit & LV control circuit), and to protect sensitive circuits from spikes, surges & noise that comes from an inductive loads (as we consider the motor is high inductive load).

Isulation physical mean, separation of HV circuit from LV one. In our application is motor control, where DC Bus for power mosfets are several volts 72 V whereas controller is on 3V/15V levels. It is for safety of LV side and (if existing) end user. Let us imagine what happens if there is no isolation barrier and any person touch to the system. Opto couplers are approved, therefore, for safe/reinforced insulation. Even if the IC inside is broken down; input and output sides will be still insulated. 

          Isolation: Here the improvement of signal quality is achieved. During switching of power, Mosfet there will be high amount of (dv/dt) transients. Such transients can be also due to inductance in the system. Such transient will not only in stabilize LV signal shaping, but also can really strike LV components and make them damaged. Opto coupler prevents that with separation of two sides. In the other mean, without isolation between LV&HV circuits, any fault occurs in the HV power circuit will damage the LV control circuit.

Simply opto coupler is used to provide protection and to give high-speed switching possibility.  In this project, opto coupler (4N35) is preferred, which has the following advantage:

_ High Direct-Current Transfer Ratio


_ High-Voltage Electrical Isolation

    1.5-kV, 2.5-kV, or 3.55-kV Rating

-   High-Speed Switching
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Fig. 3.6 4N35 Opto coupler

3.10.3 GATE DRIVE REQUIREMENTS FOR SEMICONDUCTOR DEVICES
Power MOSFETs and IGBT transistors are widely used in electronic systems as switches and need to be effectively driven with a gate driver circuit.

The gate-drive voltage and current are important parameters to turn-on and-off a device. The gate-drive power and the energy requirement are very important parts of the losses and total equipment cost. With large and long current pulse requirements for turn-on and turn-off, the gate drive losses can be significant in relation to the total losses and the cost of the driver circuit can be higher than the device itself.

3.10.4 CHOICE OF GATE DRIVER ICS
          There are numerous IC gate drives that are commercially available for gating power converters.
          These ICs can be used for applications such as buck converters for battery chargers, dual forward converter for switched reluctance motor drives, full-bridge inverter with current-mode control, three-phase inverter for brushless and induction motor drives, push-pull bridge converter for power supplies, and synchronous PWM control of switched-mode power supplies.
Therefore, choice of gate driver IC was depended on our application in addition to the rating of the power semiconductor switch.

In this project IGBT driver, IC (IR2110) is used. As shown in figure 
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Fig. 3.6 IR2110 driver 
3.10.5 CURRENT LIMITER
      In our application the possibility that the electric vehicle can be heavily loaded may have highly valued, In this case the dc-motor that drive the electric vehicle will be overloaded.  
If the motor is loaded up, it will draw more current that will exceed its rated current specified in its nameplate and the motor will run hotter. The temperature will continuous rise as the current drawn from the motor is not reduced to the rated value therefore the temperature of the motor windings will highly rise and eventually short-circuit and the motor will physically burn up. The time until a short-circuit condition appears differs per motor type.
Moreover, when the motor movement is impeded the current flow would increase rapidly until the heat generated from the current is enough to burn the motor and the motor will not be able to generate torque and it will stall. 
It is recommended that the motor be protected against such an overload. 
Load torque can be determined by measuring the current drawn
Motor current must be less then it is rated current.

      There must be a way to measure the current flow to the motor. In this project, current limiter technique is used to limit the current drawn from the motor to safety value. Also, mechanical protection can be used to protect the motor from overloaded torque. 
     The main idea of current limiter is that the current sense resistor generating a voltage that corresponds to the current being used to drive the dc- motor.
3.10.6 MOTOR PROTECTION – DIRECT TEMPERATURE SENSING
       Temperature has a direct impact on the operating life of a motor. The motor winding and bearing lubrication provide the longest service when their temperature rating is not exceeded. The life of the components in the control electronics is also improved when temperatures are kept below their maximum rating. Separate temperature sensors could be placed at many locations in the motor to indicate the temperature of the motor.
Temperature can be sensed by temperature sensors, such as a thermostat or thermocouple, or by semiconductor techniques.

     A temperature sensor mounted in the motor capable of measuring a local temperature and generating a temperature related signal, and a processor configured to calculate an actual temperature of the motor from the temperature related signal, and then display it on the LCD screen. 
In our project we decided to use thermocouple as a temperature sensor which has the following advantage:
Self Powered, Simple, Wide, Temperature Range, Inexpensive, Rugged and Wide Variety.
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Fig. 3.7 thermocouple used

3.10.7 TEMPERATURE AND SPEED DISPLAY
       The temperature, the speed of the motor and some instruction message must be displayed on the screen .This facility allow the user to deal with the electric vehicle more easily and know the actual speed of the electric car. Moreover, know the reasons of failure that may occur. For example if the temperature of the motor increased above the safety limit or the motor current highly increased above it’s rated value , the error message will appeared on the screen before the system shutdown .

     For this reasons we decide to use liquid crystal display screen (LCD) as shown in figure 3.8

[image: image12.jpg]



Fig. 3.8 liquid crystal display (LCD)

A liquid crystal display (LCD) is an electronically-modulated optical device shaped into a thin, flat panel made up of any number of color or monochrome pixels filled with liquid crystals and arrayed in front of a light source (backlight) or reflector .
3.10.8 FINAL CONTROL CIRCUIT USED IN THIS PROJECT 
       The schematic diagram of the final control circuit is shown in figure 2.8 that include 

- Microcontroller pic18f452                      
- Optocoupler 4N35

- Operational amplifier LM35N  

- IGPT driver IR2110  

-  Liquid crystal display (LCD)

- Thermocouple

 - Current limiter circuit

Briefely, this control circuit has the following features:

· Control both field and armature circuit of the separetly excited dc-motor using PWM   technique.

· Provide isolation between HV & LV circuit.

· Effectively drive the semiconductor-switching device through gate drive circuit.
· Increase switching speed capability of the semiconductor-switching device.
· Reduce the losses and increase the efficiency of the power converter. 
· Measuring the motor current and shutdown the system if the drawn current exceeds the rated value.

· Sensing the temperature of motor and shutdown the motor if the temperature exceeds the safety limit.

· Display the actual speed of the electric vehicle on the LCD screen.

· Display the motor temperature on the LCD screen.

· Display error message in the up normal condition.

Also it has the following advantages:
·  provide safety operation 

· Using pic18 series family, which has the facility of using the C programming language, the software program become more facile and simple.  

· Provide protection to the motor and switching semiconductor devices.
· Make the overall efficiency of the circuit is high (due to reduce switching power loss and gate power loss).
· Increase the lifetime of the motor and switching semiconductor devices.
· Easy to use, simple in it’s operation  
·  Reliable and rugged. 
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Fig. 2.9 Tested control circuit
CHAPTER 4

HARDWARE CONFIGURATION

                                     CHAPTER 4

HARDWARE CONFIGURATION

4.1 INTRODUCTION
The components used in the project could be classified into these categories:

       1. DC Motor 

 2. Controlling device 

       a. Micro controller

 3. Protection devices

        a. Opto coupler (Insulation)

        b. Current limiter (current protection)

        c. Thermo couple (temperature protection)

        d. Snubber circuit (switches protection)

4. Gate Driving Methods

         a. Gate driver IC

5. Switches

          a. Mosfet

6. Amplifiers

7. Final circuits

4.2 DC MOTOR 
      Direct current (dc) motors have variable characteristics and are used extensively in variable-speed drives. Dc motors can provide a high starting torque and it is also possible to obtain speed control over a wide range. The methods of speed control are normally simpler and less expensive than those of ac drives. Dc motors play a significant role in modern industrial drives. Both series and separately excited dc mo​tors are normally used in variable-speed drives, but series motors are traditionally employed for traction applications. Due to commutators, dc motors are not suitable for very high speed applications and require more maintenance than do ac motors. With the recent advancements in power conversions, control techniques, and micro​computers, the ac motor drives are becoming increasingly competitive with dc motor drives. Although the future trend is toward ac drives, dc drives are currently used in many industries. It might be a few decades before the dc drives are com​pletely replaced by ac drives.
Controlled rectifiers provide a variable dc output voltage from a fixed ac voltage, whereas a dc-dc converter can provide a variable dc voltage from a fixed dc voltage. Due to their ability to supply a continuously variable dc voltage, controlled rectifiers and dc-dc converters made a revolution in modern industrial control equipment and variable-speed drives, with power levels ranging from fractional horsepower to several megawatts.

4.2.1 DC MOTOR CONSTRUCTION
       In any electric motor, operation is based on simple electromagnetism. A current-carrying conductor generates a magnetic field; when this is then placed in an external magnetic field, it will experience a force proportional to the current in the conductor, and to the strength of the external magnetic field. As you are well aware of from playing with magnets as a kid, opposite (North and South) polarities attract, while like polarities (North and North, South and South) repel. The internal configuration of a DC motor is designed to harness the magnetic interaction between a current-carrying conductor and an external magnetic field to generate rotational motion Let's start by looking at a simple 2-pole DC electric motor shown in figure 3.1 (here red represents a magnet or winding with a "North" polarization, while green represents a magnet or winding with a "South" polarization)
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Fig. 4.1: two pole Dc Motor


Every DC motor has six basic parts -- axle, rotor (a.k.a., armature), stator, commentator, field magnet(s), and brushes. In most common DC motors (and all that Beamers will see), the external magnetic field is produced by high-strength permanent magnets1. The stator is the stationary part of the motor -- this includes the motor casing, as well as two or more permanent magnet pole pieces. The rotor (together with the axle and attached commutator) rotates with respect to the stator. The rotor consists of windings (generally on a core), the windings being electrically connected to the commutator. The above diagram shows a common motor layout -- with the rotor inside the stator (field) magnets

The geometry of the brushes, commutator contacts, and rotor windings are such that when power is applied, the polarities of the energized winding and the stator magnet(s) are misaligned, and the rotor will rotate until it is almost aligned with the stator's field magnets. As the rotor reaches alignment, the brushes move to the next commutator contacts, and energize the next winding. Given our example two-pole motor, the rotation reverses the direction of current through the rotor winding, leading to a "flip" of the rotor's magnetic field, driving it to continue rotating
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Fig. 4.2: two pole Dc Motor during rotating

In real life, though, DC motors will always have more than two poles (three is a very common number). In particular, this avoids "dead spots" in the commutator. You can imagine how with our example two-pole motor, if the rotor is exactly at the middle of its rotation (perfectly aligned with the field magnets), it will get "stuck" there. Meanwhile, with a two-pole motor, there is a moment where the commutator shorts out the power supply (i.e., both brushes touch both commutator contacts simultaneously). This would be bad for the power supply, waste energy, and damage motor components as well. Yet another disadvantage of such a simple motor is that it would exhibit a high amount of torque "ripple" (the amount of torque it could produce is cyclic with the position of the rotor)
Basic characteristics of Dc Motors:

The equivalent circuit for separately excited dc motor as shown in the figure 4.3
When a separately excited motor is excited by a field current of if and an armature cur​rent of ia flows in the armature circuit, the motor develops a back electromotive force (emf) and a torque to balance the load torque at a particular speed. The field current if
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Fig. 4.3: equivalent circuit of separately excited Dc Motor

of a separately excited motor is independent of the armature current ia and any change in the armature current has no effect on the field current. The field current is normally much less than the armature current.

The equations describing the characteristics of a separately excited motor can be determined from Figure the instantaneous field current if is described as
Vf= (if*Rf) + (Lf*dif/dt)                                                                    (4.1)

The instantaneous armature current can be found from
Va = (ia*Ra) + (La*dia/dt) +eg                                                         (4.2)
The motor back emf, which is also known as speed voltage, is as  

  eg = kv (if = kv (                                                                                             (4.3)
The torque developed by the motor is
Td = k, if ia = k ( ia                                                                                             (4.4)

The developed torque must be equal to the load torque:
Td= J (d(/dt) +B(+Tl                                                                        (4.5)

Where

w = motor angular speed, or rotor angular frequency, rad/s;
B = viscous friction constant, N • m/rad/s; 

Kv = voltage constant, V/A-rad/s; 

Kt  = torque constant, which equals voltage constant,

La = armature circuit inductance, H; 

Lf = field circuit inductance, H; 
Ra = armature circuit resistance ( ;

rf= field circuit resistance, (;

TL = load torque, N • m.

Under steady-state conditions, the time derivatives in these equations are zero and the steady-state average quantities are
Vf = R f If                                                                       (4.6)     

Eg = Kv ( If                                                                    (4.7)
Va = Ra Ia + E g                                                                                                 (4.8)
       = Ra Ia + Kv ( If                                                                                       (4.9)
Td = kt If Ia                                                                                                            (4.10)
         = B( + TL                                                                (4.11)


The developed power is 

Pd = t d(
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Fig. 4.4: Magnetizing characteristics of Dc Motor 

The relationship between the field current If and the back emf Eg, is nonlinear due to magnetic saturation. The relationship, which is shown in Figure 3.4, is known as magnetization characteristic of the motor. The speed of a separately ex​cited motor can be found from
(=( Va - RaIa )/( keIf)=( Va - RaIa)/( Kv vf /Rf)                    (4.12)
We can notice from Eq. that the motor speed can be varied by 
(1) Control​ling the armature voltage Va, known as voltage control;

 (2) Controlling the field current If, known as field control which corresponds to an armature current Ia, for a fixed field current If. The speed, which corresponds to the rated arma​ture voltage, rated field current and rated armature current, is known as The rated (or base) speed.

4.3 CONTROLLING DEVICE
4.3.1 MICROCONTROLLER (PIC18F452)
          A microcontroller is a single-chip computer. Micro suggests that the device is small, and controller suggests that it is used in control applications. Another term for microcontroller is embedded controller, since most of the microcontrollers are built into (or embedded in) the devices they control.

         The term microcomputer is used to describe a system that includes at minimum a Microprocessor, program memory, data memory, and an input-output (I/O) device.

Some microcomputer systems include additional components such as timers, counters, and analog-to-digital converters. Thus, a microcomputer system can be anything from a large computer having hard disks, floppy disks, and printers to a single-chip embedded controller

       A microprocessor differs from a microcontroller in a number of ways. The main distinction is that a microprocessor requires several other components for its operation such as program memory and data memory, input-output devices, and an external clock circuit. A microcontroller, on the other hand, has all the support chips incorporated inside its single chip. All microcontrollers operate on a set of instructions (or the user program) stored in their memory. A microcontroller fetches the instructions from its program memory one by one, decodes these instructions, and then carries out the required operation.
4.3.2 THE BASIC FEATURES OF PIC18F-SERIES MICROCONTROLLERS
_ 77 instructions

_ PIC16 source code compatible

_ Program memory addressing up to 2Mbytes

_ Data memory addressing up to 4Kbytes

_ DC to 40MHz operation

_ 8 _ 8 hardware multiplier

_ Interrupt priority levels

_ 16-bit-wide instructions, 8-bit-wide data path

_ Up to two 8-bit timers/counters

_ Up to three 16-bit timers/counters

_ Up to four external interrupts

_ High current (25mA) sink/source capability

_ Up to five capture/compare/PWM modules

_ Master synchronous serial port module (SPI and I2C modes)

_ Up to two USART modules

_ Parallel slave port (PSP)

_ Fast 10-bit analog-to-digital converter

_ Programmable low-voltage detection (LVD) module

_ Power-on reset (POR), power-up timer (PWRT), and oscillator start-up timer (OST)

_ Watchdog timer (WDT) with on-chip RC oscillator

_ In-circuit programming
4.3.3 MICRO CONTROLLER IC SHIP
[image: image18.emf]
Fig. 4.5: pic18F452

4.3.4 PORTS CONFIGURATION
4.3.4.1 PORT A

     In the PIC18F452 microcontroller PORTA is 7 bits wide and port pins are shared with other functions. 
 THERE ARE THREE REGISTERS ASSOCIATED WITH PORTA:
_ Port data register—PORTA

_ Port direction register—TRISA

_ Port latch register—LATA
Table 4.1: port A configuration
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4.3.4.2 PORT B

       In PIC18F452 microcontroller PORTB is an 8-bit bidirectional port shared with interrupt pins and serial device programming pins. Table 3.2 gives the PORTB bit functions.

PORTB is controlled by three registers:

_ Port data register—PORTB

_ Port direction register—TRISB

_ Port latch register—LATB       

    Table 4.2: port B configuration
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PORTC, PORTD, PORTE, and Beyond

       In addition to PORTA and PORTB, the PIC18F452 has 8-bit bidirectional ports PORTC and PORTD, and 3-bit PORTE. Each port has its own data register (e.g., PORTC), data direction register (e.g., TRISC), and data latch register (e.g., LATC). The general operation of these ports is similar to that of PORTA.2.1.

In the PIC18F452 microcontroller PORTC is multiplexed with several peripheral

functions as shown in Table 4.3, 4.4, 4.5. On a power-on reset, PORTC pins are configured as digital inputs

4.3.4.3 PORT C

Table 4.3: port c configuration
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4.3.4.4 PORT D
Table 4.4: port D configuration
[image: image22.png]Pin Description
RDO/PSPO

RDO Digital /0

PsP0 Paralll slave pore bit 0
RD1/PSP1

RD Digital /0

Psp Paralll slave pore bit
RD2/PSP2

RD2 Digital /0

Pse2 Paralll slave pore bit 2
RD3/PSP3

RD3 Digital /0

Pse3 Paralll slave pore bit 3
RD4/PSP4

RD4 Digital /0

= Paralll slave pore bit 4
RDS/PSPS

RDS Digital /0

PsPs Paralll slave pore bit 5
RDG/PSP6

RD6 Digital /0

PsP6 Paralll slave pore bit 6

RD7/PSP7





4.3.4.5 PORT E
  Table 4.5: port E configuration
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4.4 PROTECTION DEVICES
There are some devices that used in the project to do some protecting functions 

like insulation or sensing which may help in increasing the reliability of the control box
4.4.1 OPTO COUPLER (2N35)
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Fig. 4.6: opto coupler configuration 

4.4.1.1 DESCRIPTION

      The general purpose opto couplers consist of a gallium arsenide infrared emitting diode driving a silicon phototransistor in a 6-pin dual in-line package.

4.4.1.2 APPLICATIONS

• Power supply regulators

• Digital logic inputs

• Microprocessor inputs
• General Purpose Switching Circuits

• Interfacing and coupling systems of different potentials and impedances

• I/O Interfacing

• Solid State Relays
4.4.1.3 DISCUSSION
      There are many situations where signals and data need to be transferred from one subsystem to another within a piece of electronics equipment, or from one piece of equipment to another, without making a direct (ohmic) electrical connection. Often this is because the source and destination are (or may be at times) at very different voltage levels, like a microprocessor which is operating

From 5V DC but being used to control a triac which is switching 240V AC.

      In such situations the link between the two must be an isolated one, to protect the microprocessor from over voltage damage. Relays can of course provide this kind of isolation, but even small relays tend to be fairly bulky compared with ICs and many of today's other miniature circuit components. Because they're electro-mechanical, relays are also not as reliable. And only capable of relatively low speed operation, where small size, higher speed and greater reliability are important, a much better alternative is to use an opto coupler. These use a beam of light to transmit the signals or data across an electrical barrier, and achieve excellent isolation.

      Opto couplers typically come in a small 6-pin or 8-pin IC package, but are essentially a combination of two distinct devices: an optical transmitter, typically a gallium arsenide LED (light- emitting diode) and an optical receiver such as a phototransistor or light-triggered diac. The two are separated by a transparent barrier which blocks any electrical current flow between the two, but does allow the passage of light. The basic idea is shown in Fig.1, along with the usual circuit symbol for an opto coupler. Usually the electrical connections to the LED section are brought out to the pins on one side of the package and those for the phototransistor or diac to the other side, to physically separate them as much as possible. This usually allows opto couplers to withstand voltages of anywhere between 500V and 7500V between input and output.

     Opto couplers are essentially digital or switching devices, so they're best for transferring either on-off control signals or digital data. Analog signals can be transferred by means of frequency or pulse-width modulation.

How they're used?

     Basically the simplest way to visualize an opto coupler is in terms of its two main components: the input LED and the output transistor or diac. As the two are electrical isolated, this gives a fair amount of flexibility when it comes to connect them into circuit. All we really have to do is work out a convenient way of turning the input LED on and off, and using the resulting Switching of the phototransistor diac to generate an output waveform or logic signal that is compatible with our output circuitry.
      For example just like a discrete LED, you can drive an optocoupler.s input LED from a transistor or logic gate/buffer. All that's needed is a series resistor to set the current level when the LED is turned on. And regardless of whether you use a transistor or logic buffer to drive the LED, you still have the option of driving it in pull down or pull up mode. This means you can arrange for the LED, and hence the opto coupler, to be either (on) or (off) for a logic high (or low) in the driving circuitry. In some circuits, there may be a chance that at times the driving voltage fed to the input LED could have reversed polarity (due to a swapped cable connection, for example). This can cause damage to the device, because opto coupler LED's tend to have quite a low reverse voltage rating: typically only 3 - 5V. So if this is a possibility, a reversed polarity diode should be connected directly across the LED.
ELECTRICAL CONNECTION:
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Fig. 4.7: opto coupler connection
Diode (D1):

-It used to protect the led against reverse voltage
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Fig. 4.8: protection the LED against reverse voltage

Resistance (R1):

-It used to limit current flow through the led.

Resistance (R2):

-It works as a pull up resistance.

Resistance (R3):

-To increase the opto coupler operating speed if the frequency used is of very high value.

The absolute maximum rating of the opto coupler is shown in the table below

Table 4.6: absolute Max rating of opto coupler 4N35
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Table 4.7: Electric characteristics of opt coupler 4N35 
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Table 4.8: Transfer characteristics of opt coupler 4N35 
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4.4.2 CURRENT LIMITER
     Current limiting is the practice in electrical or electronic circuits of imposing an upper limit on the current that may be delivered to a load with the purpose of protecting the circuit generating or transmitting the current from harmful effects due to a short-circuit or similar problem in the load
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Fig. 4.9: Armature power circuit with the current limiter resistor

      Current limiter could be a very small resistor of order of mille ohms connected in the path of the load to be protected or as in our project it connected in the path of the armature coil of the motor.

     When the current flow through the small resistor it will cause a very small voltage drop this voltage drop could be taken as feed back signal connected to the Micro controller and if this feed back voltage increase more than a predefined value the micro controller is programmed to stop the output PWM signals and hence prevent the flow of the excessive current through the coils of the motor.

      A problem faced the current limiter is the output voltage equal to mille volts so   the voltage require firstly to be raised to an order of 5 volts and then applied to the Micro controller 

4.4.3 THERMOCOUPLE
     A thermocouple is a junction between two different metals that produces a voltage related to a temperature difference. Thermocouples are a widely used type of temperature sensor and can also be used to convert heat into electric power. They are cheap and interchangeable, have standard connectors, and can measure a wide range of temperatures. The main limitation is accuracy; System errors of less than one Kelvin (K) can be difficult to achieve
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Fig.4.10: Thermo couple

Any circuit made of dissimilar metals will produce a temperature-related difference of voltage. Thermocouples for practical measurement of temperature are made of specific alloys, which in combination have a predictable and repeatable relationship between temperature and voltage. Different alloys are used for different temperature ranges, and to resist corrosion. Where the measurement point is far from the measuring instrument, the intermediate connection can be made by extension wires, which are less costly than the materials used to make the sensor. Thermocouples are standardized against a reference temperature of 0 degrees Celsius; practical instruments use electronic methods of cold-junction compensation to adjust for varying temperature at the instrument terminals. Electronic instruments can also compensate for the varying characteristics of the thermocouple, and so improve the precision and accuracy of measurements.

     Thermocouples are widely used in science and industry; a few applications would include temperature measurement for kilns, measurement of exhaust temperature of gas turbines or diesel engines, and many other industrial processes.
4.4.4 SNUBBER CIRCUITS
FUNCTION OF SNUBBER CIRCUITS:
1).it limits the rate of rise of voltage across the power device during the turn off

2).it limits the rate of rise of current through the power device during the turn on 3). Modify the switching trajectory. (I-V waveforms)

4). It decreases the switching power losses

5).It increases the reliability of the power device

Construction of snubber circuit for inductive circuits is connected as shown in fig.4.11
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Fig.4.11: Armature connection

For the highly inductive circuits it is not required to connect turn on snubber circuit -

As the inductive load would make the current flows has the exponential wave form &

This will protect the switch against the high di/dt during the turn on condition

-But the need for turn off snubber circuit still remaining as the problem of the high dv/dt still not solved.- 
Calculation the value of turn off snubber circuit:
The criteria that to be followed during the calculation of snubber circuit is:

(Vc=Vs    at t=tf)

                      I - (I / tf) t      ,              0 < t < tf
Iq                           
                      0                                      tf < t

Where,

(Iq): switch current

(I): load current

(tf): switching turn off time

                      (I / tf) t             0 < t < tf
Ic                              
                       0                     tf< t

Where,
(Ic): is the capacitor current

                         Vq = (I/2*tf*Cs) t^2        , 0< t < tf
Vc                      
                          Vs                          , tf< t

Where,

(Vc): capacitor voltage

(Vq): switch voltage

(Cc): snubber capacitance

(Vs): supply voltage

At   t= tf   =>     Vq =Vs

Vs = (I *tf^2)/ (2*tf*Cc)

Cc= (I*tf)/ (2Vs)

As a result the turn off switching power losses (Ps off) will be: 

Ps-off = (I^2*t^2)/ (24 Cs)

To get value of snubber resistor (Rs) we may follow these criteria

Ton> = 5*Rs*Cc
Where (ton): turn on time

Rs < = (ton/5Cs)

And the power losses in the resistor will be calculated as follows:

P= 0.5*F*Cs*Vs^2 
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4.5 GATE DRIVER (IR2110)
1. GATE DRIVE REQUIREMENTS OF HIGH-SIDE DEVICES
The gate drive requirements for a power MOSFET or IGBT utilized as a high-side switch (the drain is connected to the high voltage rail, as shown in Figure 1) driven in full enhancement (i.e., lowest voltage drop across its terminals) can be summarized as follows:

1. Gate voltage must be 10 V to 15 V higher than the source voltage. Being a high-side switch, such gate voltage would have to be higher than the rail voltage, which is frequently the highest voltage available in the system.

2. The gate voltage must be controllable from the logic, which is normally referenced to ground. Thus, the control signals have to be level-shifted to the source of the high side power device, which, in most applications, swings between the two rails.

3. The power absorbed by the gate drive circuitry should not significantly affect the overall efficiency.
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Fig. 4.12: power MOSFET in the High-Side Configuration

     With these constraints in mind, several techniques are presently used to perform this function, as shown in principle in Table I (see pg. 29). Each basic circuit can be implemented in a wide variety of configurations.

    International Rectifier’s family of MOS-gate drivers (MGDs) integrate most of the functions required to drive one high-side and one low-side power MOSFET or IGBT in a compact, high performance package. With the addition of few components, they provide very fast switching speeds, as shown in Table II (see pg. 30) for the IRS2110, and low power dissipation. They can operate on the bootstrap principle or with a floating power supply. Used in the bootstrap mode, they can operate in most applications from frequencies in the tens of Hz up to hundreds of kHz.

• Floating channel designed for bootstrap operation fully operational to +500V or +600VTolerant to negative transient voltage dV/dt immune

• Gate drive supply range from 10 to 20V

• Under voltage lockout for both channels

• 3.3V logic compatible Separate logic supply range from 3.3V to 20V Logic and power ground ±5V offset

• CMOS Schmitt-triggered inputs with pull-down

• Cycle by cycle edge-triggered shutdown logic

• Matched propagation delay for both channels

• Outputs in phase with inputs
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Fig. 4.13: IGBT Driver connection

 Table 4.9: Absolute maximum rating of the IR2110
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Input Logic

Both channels are controlled by TTL/CMOS compatible inputs. The transition thresholds are different from device to device. Some MGDs, (e.g., IRS211x) have the transition threshold proportional to the logic supply VDD (3 to 20 V) and Schmitt trigger buffers with hysteresis equal to 10% of VDD to accept inputs with long rise time. Other MGDs (e.g., IRS210x, IRS212x, and IRS213x devices) have a fixed transition from logic 0 to logic 1 between 1.5 V to 2 V. Some MGDs can drive only one high-side power device (e.g., IRS2117, IRS2127, and IRS21851).

Others can drive one high-side and one low-side power device. Others can drive a full three phase bridge (e.g., the IRS213x and IRS263x families). It goes without saying that any high-side driver can also drive a low-side device. Those MGDs with two gate drive channel can have dual, hence independent, input commands or a single input command with complementary drive and predetermined dead time.

Those applications that require a minimum dead time should use MGDs with integrated dead time (half-bridge driver) or a high- and low-side driver in combination with passive components to provide the needed dead time, as shown in Section 12. Typically, the propagation delay between input command and gate drive output is approximately the same for both channels at turn-on as well as turn-off (with temperature dependence as characterized in the datasheet). For MGDs with a positive high shutdown function (e.g., IRS2110), the outputs are shutdown internally, for the remainder of the cycle, by a logic 1 signal at the shut down input.

The first input command after the removal of the shutdown signal clears the latch and activates its channel. This latched shutdown lends itself to a simple implementation of a cycle-by-cycle current control, as exemplified in Section 12. The signals from the input logic are coupled to the individual channels through high noise immunity level translators. This allows the ground reference of the logic supply (VSS) to swing by ±5 V with respect to the power ground (COM).

This feature is of great help in coping with the less than ideal ground layout of a typical power conditioning circuit. As a further measure of noise immunity, a pulse-width discriminator screens out pulses that are shorter than 50 ns or so.
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Fig. 4.13: IGBT Driver configuration

     If an isolated supply is connected between VB and VS, the high-side channel will switch the output (HO) between the positive of this supply and its ground in accordance with the input command.

    One significant feature of MOS-gated transistors is their capacitive input characteristic (i.e., the fact that they are turned on by supplying a charge to the gate rather than a continuous current). If the high-side channel is driving one such device, the isolated supply can be replaced by a bootstrap capacitor (CBOOT),

     The gate charge for the high-side MOSFET is provided by the bootstrap capacitor which is charged by the 15 V supply through the bootstrap diode during the time when the device is off (assuming that VS swings to ground during that time, as it does in most applications). Since the capacitor is charged from a low voltage source the power consumed to drive the gate is small.

    The input commands for the high-side channel have to be level-shifted from the level of COM to whatever potential the tub is floating at which can be as high as 1200 V.
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Fig. 4.14 schematic connection of the IR2110

GATE POWER LOSSES:
1. Whenever a capacitor is charged or discharged through a resistor, half of the energy that goes into charging the capacitance is dissipated in the resistor. Thus, the losses in the gate drive resistance (internal and external to the MGD) for one complete cycle is the following:

PG = V • QG • f

2. High voltage static losses (PD, Q (HV)) are mainly due to the leakage currents in the level shifting stage. They are dependent on the voltage applied to the VS pin and they are proportional to the duty cycle, since they only occur when the high-side power device is on. If VS is kept continuously at 400 V they would typically be 0.06 mW at 25 °C and increase to approximately 2.25 mW at 125 °C. These losses would be virtually zero if VS is grounded, as in a push-pull or similar topology.

3. High voltage switching losses (PD, SW (HV)) comprise two terms, one due to the level shifting circuit and one due to the charging and discharging of the capacitance of the high-side p-well.

4.6 POWER ELECTRONIC SWITCHES
4.6.1 POWER MOSFETS
Mosfet (IRF540N)
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Fig 4.15: IR540N

TABLE 4.10: Absolute Maximum Ratings of the IR540N
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    A BJT is a current-controlled device and requires base current for current flow in the collector. Because the collector current is dependent on the input (or base) current, the current gain is highly dependent on the junction temperature.
    A power MOSFET is a voltage-controlled device and requires only a small input current. The switching speed is very high and the switching times are of the order of nanoseconds. Power MOSFETs find increasing applications in low-power high-frequency converters. MOSFETs do not have the problems of second breakdown phe​nomena as do BJTs. However, MOSFETs have the problems of electrostatic discharge and require special care in handling. In addition, it is relatively difficult to protect them under short-circuited fault conditions

Fig. 4.16: N&P channel depletion –type Mosfet
Enhancement MOSFETs. An n-channel depletion-type MOSFET is formed on a p-type silicon substrate as shown in Figure 4.15a. With two heavily doped  n+silicon for low-resistance connections. The gate is isolated from the channel by a thin oxide layer the three ter​minals are called gate, drain, and source. The substrate is normally connected to the source. The gate-to-source voltage VGS could be either positive or negative. If VGS is negative, some of the electrons in the n-channel area are repelled and a depletion re​gion is created below the oxide layer, resulting in a narrower effective channel and a high resistance from the drain to source RDS. If VGS is made negative enough, the chan​nel becomes completely depleted, offering a high value of RDS, and no current flows from the drain to source, 1DS = 0. The value of VGS when this happens is called pinch-off voltage VP. On the other hand, VGS is made positive, the channel becomes wider, and 1DS increases due to reduction in RDS.With a p-channel depletion-type MOSFET, the polarities of VDS,1DS, and VGS are reversed as shown in Figure 4.15b.

An n -channel enhancement-type MOSFET has no physical channel, as shown in Figure 4.16a. VGC positive, an induced voltage attracts the electrons from the

P - Substrate and accumulate them at the surface beneath the oxide layer. If VGS is greater than or. Equal to a value known as threshold voltage VT, a sufficient number of electrons are accumulated to form a virtual n-channel and the current flows from the drain to source. The polarities of VDS, IDS, and VGS are reversed for a p-channel enhancement-type MOSFET as shown in Figure 4.16b. Power MOSFETs of various sizes are shown in Figure

Fig. 4.17: N&P Channel enhancement type Mosfet
enhancement type MOSFET remains off at zero gate voltage, the enhancement type MOSFETS are generally used as switching devices in power electronics. The cross sec​tion of a power MOSFET known as a vertical (V) MOSFET shown in figure 
      When the gate has a sufficiently positive voltage with respect to the source, the effect of its electric field pulls electrons from the n + layer into the player. This opens a channel closest to the gate, which in turn allows the current to flow from the drain to the source. There is a silicon oxide (SiO) dielectric layer between the gate metal and the n+ and p junction. MOSFET is heavily doped on the drain side to create an n + buffer below the n-drift layer. This buffer prevents the depletion layer from reaching  
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Fig 4.18: HEXFET
the metal, evens  out the voltage stress across the n layer, and also reduces the forward voltage drop during conduction. The buffer layer afso makes it an asymmetric device with rather low reverse voltage capability.)
MOSFETs require low gate energy, and have a very fast switching speed and low switching losses. The input resistance is very high, 109 to 1011 (. MOSFETs, however, suffer from the disadvantage of high forward on-state resistance as shown in Figure 4.18b, and hence high on-state losses, which makes them less attractive as power devices, but they are excellent as gate amplifying devices for thyristors.

4.6.2 STEADY-STATE CHARACTERISTICS
     The MOSFETs are voltage-controlled devices and have a very high input impedance. The gate draws a very small leakage current, on the order of nano amperes. The current gain, which is the ratio of drain current ID, to input gate current ID is typically on the order of 109. However, the current gain is not an important parameter. The transconductance, which is the ratio of drain current to gate voltage, defines the trans​fer characteristics and is a very important parameter.
The transfer characteristics of n-channel and p-channel MOSFETs are shown in Figure 4.19. Figure 4.20 shows the output characteristics of an n-channel enhancement MOSFET. There are three regions of operation: (1) cut off region, where VGS ≤ VT; (2) pinch-off or saturation region, where VDS ≥ VGS - VT; and (3) linear region, where vDS - VGS - VT .The pinch-off occurs at VDS = VGS - VT. In the linear region, the drain current ID varies in proportion to the drain-source voltage VDS. Due to high drain current and low drain voltage, the power MOSFETs are operated in the linear region for switching actions. In the saturation region, the drain current remains almost constant for any increase in the value of VDS and the transistors are used in this region for voltage amplification. It should be noted that saturation has the opposite meaning to that for bipolar transistors.
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Fig4.19: characteristic of Mosfet

is normally very high in the pinch-off region, typically on the order of mega ohms and is very small in the linear region, typically on the order of milliohms.

For the depletion-type MOSFETs, the gate (or input) voltage could be either positive or negative. However, the enhancement-type MOSFETs respond to a positive gate voltage only. The power MOSFETs are generally of the enhancement type. How​ever, depletion-type MOSFETs would be advantageous and simplify the logic design in some applications that require some form of logic-compatible dc or ac switch that would remain on when the logic supply falls and Vcs becomes zero
4.7 OPERATIONAL AMPLIFIER (LM741)
        The LM741 series are general purpose operational amplifiers which feature improved performance over industry standards like the LM709. They are direct, plug-in replacements for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their application nearly foolproof overload protection on the input and output, no latch-up when the common mode range is exceeded, as well as freedom from oscillations.

The LM741C is identical to the LM741/LM741A except that the LM741C has their performance guaranteed over a 0°C to +70°C temperature range, instead of −55°C to +125°C.                                                                                                                

[image: image44.png]OFFSET NULL (T

INVERTING INPUT!

@ (&) outPut

FFS[V NULL

NON-INVERTING INPUT!




Fig. 4.20: Operational amplifier 
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Fig. 4.21

also the maximum rating of amplifier can be shown in the following table

Table 4.12: Absolute Maximum Rating
[image: image46.png]Absolute Maximum Ratings (ot 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 7)
LM741A Lm7a1 Lm741C
Supply Voltage 222V 220V 18V
Power Dissipation (Note 3) 500 mW 500 mW 500 mW
Differential Input Voltage 30V +30V +30V
Input Voltage (Note 4) 15V #15V 215V
Output Short Circuit Duration Continuous Continuous Continuous
Operating Temperature Range -55Cto+125C  -55C10+125C  0'C10+70C
Storage Temperature Range -65Cto+150°C  —65'C1o +150°C  ~65C to +150°C
Junction Temperature 150°C 150°C 100C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C
J- or H-Package (10 seconds) 200C 300°C 200C
M-Package
Vapor Phase (60 seconds) 215C 215C 215C
Infrared (15 seconds) 215C 215C 215C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliabilty” for other methods of
soldering

surface mount devices.
ESD Tolerance (Note 8) 400V 400V 400V




Table 4.13: Electrical Characteristics
[image: image47.png]Electrical Characteristics (Note 5)
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Amplifier connection:
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Fig. 4.21: Amplifier connection
The output gain = (R1+R2) / R2

EX:

We want a n output gain of = 1000

We set value of

 R1= R2 = 1000 ohm

R3= 1M ohm

4.8 LCD

      One thing all microcontrollers lack is some kind of video display. A video display would make a microcontroller much more user-friendly, enabling text messages, graphics, and numeric values to be output in a more versatile manner than with 7-segment displays, Led's, or alphanumeric displays. 

     Standard video displays require complex interfaces and their cost is relatively high. LCDs are alphanumeric (or graphic) displays which are frequently used in microcontroller-based applications. These display devices come in different shapes and sizes. Some LCDs have forty or more character lengths with the capability to display several lines. Others can be programmed to display graphic images. Some modules offer color displays, while others incorporate backlighting so they can be viewed in dimly lit conditions.

     There are basically two types of LCDs as far as the interfacing technique is concerned: parallel and serial. Parallel LCDs (e.g., the Hitachi HD44780 series) are connected to the microcontroller circuitry such that data is transferred to the LCD using more than one line, usually four or eight data lines. Serial LCDs are connected to a microcontroller using one data line only, and data is transferred using the RS232 asynchronous data communications protocol. 

     Serial LCDs are generally much easier to work with but more costly than parallel ones. In this book only parallel LCDs are discussed, as they are used

more often in microcontroller-based projects.

     Low-level programming of a parallel LCD is usually a complex task and requires a good understanding of the internal operation of the LCD, including the timing diagrams. Fortunately, Micro C language provides functions for both text-based and graphic LCDs, simplifying the use of LCDs in PIC-microcontroller-based projects.

      The HD44780 controller is a common choice in LCD-based microcontroller

Applications. A brief description of this controller and information on some

Commercially available LCD modules follow.

The HD44780 is one of the most popular LCD controllers, being used both in industrial and commercial applications and also by hobbyists. The module is monochrome and comes in different shapes and sizes. Modules with 8, 16, 20, 24, 32, and 40 characters are available. Depending on the model, the display provides a 14-pin or 16-pin connector for interfacing. Table 4.3 shows the pin configuration and pin functions of a typical 14-pin LCD.

     VSS is the 0V supply or ground. The VDD pin should be connected to the positive supply. Although the manufacturers specify a 5V DC supply, the modules usually work with as low as 3V or as high as 6V.

     Pin 3 is named as VEE and is the contrast control pin. It is used to adjust the contrast of the display and should be connected to a DC supply.

      A potentiometer is usually connected to the power supply with its wiper arm connected to this pin and the other leg of the potentiometer connected to the ground. This way the voltages at the VEE pin, and hence the contrast of the display, can be adjusted as desired.

     Pin 4 is the register select (RS) and when this pin is LOW, data transferred to the LCD is treated as commands. When RS is HIGH, character data can be transferred to and from the module.

    Pin 5 is the read/write (R/W) pin. This pin is pulled LOW in order to write commands or character data to the LCD module. When this pin is HIGH, character data or status information can be read from the module.

Table4.14: Lcd connection
[image: image49.png]Pinno. | Name | Funaion

Ve | Ground

2 Voo | +ve supply

3 Vee | Contrast

4 RS | Register slect

5 | Rw | Readjwrice

s EN | Enable

7 D0 | Darabiro

s D1 | Damabic

5 D2 | Darabir2

o D3 | Darabir3
Ds | Darabira

2 D5 | Darabics

B D6 | Darabirs

4 07 | Darabic7





     Pin 6 is the enable (EN) pin, which is used to initiate the transfer of commands or data between the module and the microcontroller. When writing to the display, data is transferred only on the HIGH to LOW transition of this pin.      When reading from the display, data becomes available after the LOW to HIGH transition of the enable pin, and this data remains valid as long as the enable pin is at logic HIGH.

      Pins 7 to 14 are the eight data bus lines (D0 to D7). Data can be transferred between the microcontroller and the LCD module using either a single 8-bit byte or two 4-bit nibbles. In the latter case, only the upper four data lines (D4 to D7) are used. The 4-bit mode has the advantage of requiring fewer I/O lines to communicate with the LCD.
     The mikroC LCD library provides a large number of functions to control text-based LCDs with 4-bit and 8-bit data interfaces, and for graphics LCDs. The most common are the 4-bit-interface text-based LCDs. This section describes the available mikroC functions for these LCDs. Further information on other text- or graphics-based LCD functions is available in the mikroC manual.
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Fig.4.22: Lcd actual connection
 It can be done by controlling the direction of current flow through the field winding.

-as said before the current flow through the field winding will produce a magnetic flux has a define polarity, this flux interact with the flux produces from the armature winding cause the armature to rotate.

- So we build an H bridge on the field coil, and the switches of the bride is turned on and off according to the required direction.

-let us consider that the switches 1 & 2 are turned on where the switches 3 &4 turned off ,the current will flow only through switches 1 & 2 and will flow in  the motor (say) from left to right causing the motor to rotate in a specific direction 

- if we reverse the previous condition and we switched the switches 3&4 only and the switches 1&2 kept turn off the current will flow through the field coil in the reverse direction and as a result the motor will 
                                    CHAPTER 5  

                                     SOFTWARE

CHAPTER 5
SOFTWARE
5.1 INTRODUCTION
       There are several C compilers on the market for the PIC18 series of microcontrollers.

     These compilers have many similar features, and they can all be used to develop C-based high-level programs for PIC18 microcontrollers.

Some of the C compilers used most often in commercial, industrial, and educational PIC18 microcontroller applications are:

_ MikroC

_ PICC18

_ C18

_ CCS

 The popular and powerful mikroC, developed by MikroElektronika (web site: www.microe.com), is easy to learn and comes with rich resources, such as a large number of library functions and an integrated development environment with a built-in simulator and an in-circuit debugger (e.g., mikroICD). A demo version of the compiler with a 2K program limit is available from Micro Electronica. PICC18, another popular C compiler, was developed by Hi-Tech Software (web site: www.htsoft.com) and is available in two versions: standard and professional.

MikroC is a powerful, feature rich development tool for PICmicros. It is designed to provide the programmer with the easiest possible solution for developing applications for embedded systems, without compromising performance or control.

 PIC and C fit together well: PIC is the most popular 8-bit chip in the world, used in a wide variety of applications, and C, prized for its efficiency, is the natural choice for developing embedded systems. mikroC provides a successful match featuring highly advanced IDE, ANSI compliant compiler, broad set of hardware libraries, comprehensive documentation, and plenty of ready-to-run examples

5.2 FEATURES
          Micro C allows you to quickly develop and deploy complex applications:

· Write your C source code using the built-in Code Editor (Code and Parameter Assistants, Syntax Highlighting, Auto Correct, Code Templates, and more…) 

· Use the included micro libraries to dramatically speed up the development: data acquisition, memory, displays, conversions, communications… Practically all P12, P16, and P18 chips are supported. 

· Monitor your program structure, variables, and functions in the Code Explorer. 

· Generate commented, human-readable assembly, and standard HEX compatible with all programmers. 

· Inspect program flow and debug executable logic with the integrated Debugger. 

· Get detailed reports and graphs: RAM and ROM map, code statistics, assembly listing, calling tree, and more… 

· We have provided plenty of examples for you to expand, develop, and use as building bricks in your projects. Copy them entirely if you deem fit – that’s why we included them with the compiler.

5.3 THE PROGRAM                  
Void main ( ) 

{

                           unsigned char   ch1,ch2,ch3,ch4,a,c,d,j,percent,current_duty,current_duty_f;
 Unsigned long    vin, vout, vin_limiter, vout_limiter, i_limiter, x, y, t, g;

 ADCON1= 0x00;

  TRISB = 0;

PORTB = 0;

  TRISC = 0XF0;
PORTC = 0;

Lcd_Init (&PORTB);

Lcd_Cmd (Lcd_CLEAR);

  Lcd_Cmd (Lcd_CURSOR_OFF);
Lcd_Out (1, 5,"welcome);

 delay_ms (2000);

Lcd_Cmd (Lcd_CLEAR);

PWM1_Init (2000);

PWM2_Init (2000);

  (while(1
{

vin_limiter=ADC_Read (3);

vout_limiter= (vin_limiter*5000)/ (1024);

 i_limiter= (vout_limiter)/ (100);

If (vin_limiter<1000);

{

 goto j;

}                                         
                           Else

{

 Lcd_Cmd (Lcd_CLEAR);

                              Lcd_Out (1, 5,"Failure");

                              Lcd_Out (2, 1,"High Current");

delay_ms (1000);

                              Lcd_Cmd (Lcd_CLEAR);
 goto c;

}

J:

vin=ADC_Read (1);

              vout= (vin*5000)/ (1024);
t= (vout)/ (50);

If (t<=25)

{

                                      Lcd_Out (2, 14,"O.K");
 Lcd_Out (2, 1,"THE TEMP");

ch3=t/10;

                                      ch4=t%10;
Lcd_Chr (2, 9, 58);

                                      Lcd_Chr (2, 10, ch3+48);
Lcd_Chr (2, 11, ch4+48);

}

                          ( else if(t>25 && t<=40

{

                                      Lcd_Out (2, 14,"NRM");
                                        Lcd_Out (2, 1,"THE TEMP");

                                      ch3=t/10;

                                      ch4=t%10;

                                      Lcd_Chr (2, 9, 58);

                                      Lcd_Chr (2, 10, ch3+48);

                                      Lcd_Chr (2, 11, ch4+48);

}

                           else if(t>40 && t<=55)

{

                                      Lcd_Out (2, 14,"DNG");

                                       Lcd_Out (2, 1,"THE TEMP");

                                      ch3=t/10;

                                      ch4=t%10;

                                      Lcd_Chr (2, 9, 58);

                                      Lcd_Chr (2, 10, ch3+48);

                                      Lcd_Chr (2, 11, ch4+48);

}

                           else
{

                              Lcd_Cmd (Lcd_CLEAR);

                              Lcd_Out (1, 5,"failure");

                              Lcd_Out (2, 1,"High Temperature");

                              delay_ms (1000);

                              Lcd_Cmd (Lcd_CLEAR);

                              goto c;

}

                          if (portc.f6==1|| portc.f7==1)

{

                              x = ADC_Read (0);
                              current_duty = (x*256)/ (1024);

                               Percent= (current_duty*100)/(255);

                                  if (percent!=100)
{

                                      Lcd_Out (1, 1,"THE SPEED");
                                      ch1=percent/10;

                                      ch2=percent%10;

                                      Lcd_Chr (1, 13, ch1+48);

                                      Lcd_Chr (1, 14, ch2+48);

                                      Lcd_Chr (1, 15, 160);

                                      lcd_chr (1, 16, 37);
}                                     
                                   else
{                                     
                                       Lcd_Out (1, 1,"THE SPEED");
                                       Lcd_Chr (1, 13, 1+48);

                                       lcd_chr (1, 14, 48);

                                       lcd_chr (1, 15, 48);

                                       lcd_chr (1, 16, 37);

}                                     
        If (portc.f7==1 && portc.f6==0)

{

              PWM1_Start ();       // Armature optocoupler
               PWM2_Start ();      // Field high side optocoupler => forward

               y=ADC_Read (2);        // field PMW

               PWM2_Change_Duty (current_duty_f);

               x = ADC_Read (0);       // armature PWM

               current_duty = (x*256)/ (1024);

               PWM1_Change_Duty (current_duty);

               portc.f0=1;       // Field low side optocoupler => forward

               portc.f3=0;       // Field low side optocoupler => backward

}

       else if (portc.f6==1 && portc.f7==0)

{

              PWM1_Start ();       // Armature optocoupler
               PWM2_Start ();      // Field high side optocoupler => forward

               y=ADC_Read (2);        // field PMW

               PWM2_Change_Duty (current_duty_f);

               x = ADC_Read (0);       // armature PWM

               Current_duty = (x*256)/ (1024);

               PWM1_Change_Duty (current_duty);

               portc.f0=0;       // Field low side optocoupler => forward

               portc.f3=1;       // Field low side optocoupler => backward

}

        else if (portc.f6==1 && portc.f7==1)

{

                PWM1_Start ();
                PWM1_Change_Duty (0);

                PWM2_Start ();

                PWM2_Change_Duty (0);

              portc.f0=0;

               portc.f3=0;
}

         else
{

                :c
                PWM1_Start ();

                PWM1_Change_Duty (0);

                PWM2_Start ();

                PWM2_Change_Duty (0);

                 portc.f0=0;

               portc.f3=0;
}}

}                                                           
5.4 EXPLANATION OF THE PROGRAM:
5.4.1 VOID MAIN ( ) 
In C language, a program begins with the keywords:

Void main ()

After this, a curly opening bracket is used to indicate the beginning of the program body. The program is terminated with a closing curly bracket. Thus, as shown in the program has the following structure:

Void main ()

{

Program body

}
For any other function required to be add in the program its name must be different from the (void main) as the compiler always consider that name is an indication to the original main function of the program.
5.4.2 UNSIGNED CHAR & UNSIGNED LONG                                                 
- The mikroC language supports the variable types, the variables (unsigned) char, or unsigned short (int), are 8-bit unsigned variables with

a range from  0 to 255. Variables called (unsigned) long (int) are 32-bit unsigned variables having the range 0 to 4294967295.
-the difference between the number of bit s that every variable may take, affects only on the memory that the variable takes in the storage memory of micro controller.
5.4.3 ADCON 1
-Register ADCON1 is used for selecting the conversion format,

Configuring the A/D channels for analog input, selecting the reference voltage
-It is one of the registers that controlled the direction and values of pins in the PORT A

-controlling the PORT A by the register ADCON1 may be as follows:

Table 5.1: Port A& Adcon 1 register configurations 
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As we can see the order ADCON1 is used to configure required channels as analog and configure the reference voltage for those analog pins
In our program the order was as (ADCON1=0x00) which written in the hexadecimal form so if we convert it to binary form it will be (0000 0000) and as seen from the upper table this register will make all pins in PORT A analog pins with reference voltage equal to VDD &VSS 
5.4.4 TRIS 
-The TRIS register defines the direction of PORT pins, where logic 1 in a bit position defines the pin as an input pin, and a 0 in a bit position defines it as output pin.
In our project we took port B & first 4 pins of Port C as an out put where -
the second 4 pins of Port C was taken as an input pins.
5.4.5 PORT
The PORT  register defines the initial value  of PORT pins, where logic 1 in a bit position defines the initial value of this pin in the port is high equal to VDD, and a 0 in a bit position defines that the initial value of this pin in port is low and equal to VCC.
In our project the initial value of all pins is taken as low value equal 0 volts.-
5.4.6 DELAY_MS
-Functions Delay_us and Delay_ms are frequently used in programs where delays are required (e.g., when flashing an LED).
-In our project the register delay_ms used in delaying the welcome message on the LCD 

5.4.7 GOTO LABEL IDENTIFIER 
This will transfer control to the location of a local label specified by label identifier. The label identifier has to be a name of the label within the same function in which the goto statement is. The goto line can come before or after the label.

You can use goto to break out from any level of nested control structures. But, goto cannot be used to jump into block while skipping that block’s initializations – for example, jumping into loop’s body, etc.

-Use of goto statement is generally discouraged as practically every algorithm can be realized without it, resulting in legible structured programs. One possible application of goto statement is breaking out from deeply nested control like in our project. 
5.4.8 LCD REGISTERS
MikroC provides a library for communication with LCD (with HD44780  compliant controllers) through the 4-bit interface
5.4.8.1 LCD_INIT(&PORTB)
 The (Lcd_Init) function is called to configure the interface between the microcontroller and the LCD when the default connections are made as just illustrated.
The port name specified by passing its address

Initializes LCD at port with default pin setting connection with micro controller & in our project the output chosen pin is PORT B               
D7 → port.7

D6 → port.6

D5 → port.5

D4 → port.4

E → port.3

RS → port.2

RW → port.0

5.4.8.2 LCD_OUT (1, 5,"WELCOME")
     (Lcd_Out) the (Lcd_Out) function displays text at the specified row and column position of the LCD. The function should be called with the parameters in the following order:

Row, column, text

     In our project this register is used to write the welcoming, warning &error messages.

     We try to give continues indications to the driver of the vehicle or to the user about the temperature of the motor of the vehicle or about the speed that the car run on

    Also we used different error messages which describe the reason that make the error happens.

5.4.8.3 (LCD_CHR)
      Lcd_Chr the Lcd_Chr function displays a character at the specified row and column position of the cursor.

The function should be called with the parameters in the following order:

Row, column, character

-in our project this register was used to display the speed and the temperature

Of the motor
5.4.8.4 (LCD_CMD)
    The Lcd_Cmd function is used to send a command to the LCD. With the commands we can move the cursor to any required row, clear the LCD, blink the cursor, shift display, etc.

Table 3.3: Lcd commands
[image: image52.png]LCD command

Description

LcD_CLEAR Clear display
LCD_RETURN_HOME Return cursor to home poskion
LCD_FIRST_ROW Move cursor to frst row
LCD_SECOND_ROW Move cursor to second row
LCD_THRD_ROW Move cursor to third row
LCD_FOURTH_ROW Move cursor o fourth row
LCD_BLINK_CURSOR_ON Blnk cursor

LCD_TURN ON Turn display on
LCD_TURN_OFF Turn display off
LCD_MOVE_CURSOR_LEFT Nove cursor e
LCD_MOVE_CURSOR RIGHT __| Move cursor right
LCD_SHIFT_LerT Shitt display Iefc
LCD_SHIFT_RIGHT Shife display right





5.4.9 PULSE WIDTH MODULATION REGISTERS:
5.4.9.1 PWM_INT(2000)
-Initializes the PWM module with duty ratio 0. Parameter frequency is a desired PWM frequency in Hz (refer to device data sheet for correct values in respect with Fosc). This routine needs to be called before using other functions from PWM Library. 

-In our project the PWM1 & PWM2 is initialized with frequency 2KHZ.

Void Pwm_Init (unsigned long freq);

5.4.9.2 PULSE_CHANGE_DUTY 
Changes PWM duty ratio. Parameter duty takes values from 0 to 255, where 0 is 0%, 127 is 50%, and 255 is 100% duty ratio. Other specific values for duty ratio can be calculated as (Percent*255)/100.

5.4.9.3 PWM_START
This used for starting the pulses output from the ccp module in the micro controller 

 in our project the microcontroller will emits the pulses from both ccp1 & ccp2 to made the required chopper technique to control the speed of rotation of motor

5.4.9.4 PWM_STOP(  )
This used for stopping the pulses output from the ccp module in the micro controller 

5.4.10 ADC_READ ( )
This register is used to make the micro controller reads the input analog signal comes from the port A. the chosen pin is defined between brackets.

5.4.11 IF STATEMENT
   Statements are normally executed sequentially from the beginning to the end of a program. We can use control statements to modify this normal sequential flow in a C program. The following control statements are available in mikroC programs:

_ Selection statements

_ Unconditional modifications of flow

_ Iteration statements

The general format of the (if statement) is:

If (expression) 

Statement1;

-in our project the if statement used for controlling the sequence of operation for the micro controller, it is also used for making condition to stop pulse width modulation in case of the thermo couple gives an indication that the temperature increase more than a predefine value or when the current limiter gives a voltage indicates that it is a very high current flow through the coils of the motor

CHAPTER 6

THE RESULTS

                                                    CHAPTER 6

THE RESULTS

6.1 INTRODUCTION
In this chapter we will discuss the final circuits of the project where the final circuit of the project divided to 2 main circuits:

- control circuit 

- Power circuit

Also we will state the components used in the project and their numbers.  

6.2 FINAL CIRCUITS
6.2.1 CONTROL CIRCUIT
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Fig 6.1: Schematic diagram of control circuit
-The dc chopper is the chosen technique to change the speed of the dc motor and the technique that would be used to make the dc chopper on the armature coil of the motor is PWM

-  There are several analog circuits are able to produce the PWM with a large range of variation in both frequency and magnitude of the pulse signals

-but the disadvantage of the analog circuits is the need for several components and stages to produce the require signal, and it is also require an additional circuits to improve the wave shapes of the output signals

-so we chose the Micro controller to produce the required signal due to its great advantages like high efficiency , easily controlled, has very low cost, it can easily change the frequency of the pulse by changing the program in the Micro controller only without the need to change any hardware components in the circuit.

-the micro controller produce 2 PWM signals and each of them changes independently so we chose one of them to be supplied to the gate of the armature Mosfets

-and the other PWM signal would be remain constant at 100% duty ratio  to produce the required maximum torque  and then supplied to the switches of the field  in the appropriate direction required of switching.

-we used 3 Gate driver ICs one for the armature and the other 2 driver connected to the switches of  field and each driver ICs drive a direction of switches not a limp 

-each ICs driver of the field had 2 input pins Li & Hi and they had also 2 output pins Lo & Ho where Li & Hi drive Lo& H0 respectively and independently .

-The gate driver IC requires to operate efficiently a dc input signal to low input Li and simultaneously PWM inputs to the high input of the same IC Then the out put would be taken from the Low output and the high output witch will drive the gates of the switches which made a direction for the current to be flow through and in turn it makes the motor rotates in specific direction

-where for the armature of the motor the connected switches will be at the low side of motor so it is only require to be driven by the low output Lo but in this case the input signal to the low input must be of PWM type to be able to change the duty ratio of the signal inputs to the gate of the armature switches and hence be able to change the voltage applied to the armature of the motor and then changing the speed of the motor

- the switches used in the power circuit require 15 volt gate signal to be turned on but the output signal from the Micro controller is 5 volts only so we need to raise the level of pulses from that low level 

-To the higher level so we use the opto coupler to raise the 5 volt signal of the Micro controller to 15 volt signal required to operates the Mosfets 

- Also the opto couplers provide insulation between the control circuit and power circuit & it is also protect the micro controller against the any over voltages may transmitted to the control circuit from the power circuit.

- As we explained each Gate driver IC of the field switches would require 2 opto couplers  

-One of them would raise the value of the PWM and applied it to the Hi of the driver and the other opto coupler would raise the dc signal to the required value and applied it to the Li of the driver    

- Where the armature driver would require only one opto coupler that raise the value of the PWM to the required value.

6.2.2 POWER CIRCUIT:
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Fig. 6.2: field power circuit schematic diagram

-Controlling the direction of rotation of the dc separately excited motor can be done by controlling the direction of current flow through the field winding.

-as said before the current flow through the field winding will produce a magnetic flux has a define polarity, this flux interact with the flux produces from the armature winding cause the armature to rotate.

- So we build an H bridge on the field coil, and the switches of the bride is turned on and off according to the required direction.

-let us consider that the switches 1 & 2 are turned on where the switches 3 &4 turned off ,the current will flow only through switches 1 & 2 and will flow in  the motor (say) from left to right causing the motor to rotate in a specific direction 

- if we reverse the previous condition and we switched the switches 3&4 only and the switches 1&2 kept turn off the current will flow through the field coil in the reverse direction and as a result the motor will rotate in the reverse direction
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Fig. 6.3: Armature power circuit

The armature requires only asset of switches connected at the low side of the motor and as the rate of switching of this switches changes as the applied voltage to the armature coil changes also

6.3 THE USED COMPONENTS
- Micro-controller (PIC18F452)

- Opto-coupler (4N35)
- Gate driver IC (IR2110)

- Mosfet (IR540n)
- Thermocouple

- Current limiter resistor

-  Regulaters (7805) & (78015) & (LM317t)
- Lcd
- Multimeter

- Oscilloscope
- DC Motor
- Capacitors
- Resistors

- Diodes

FINAL OUTPUT CIRCUITS:
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Fig.6.4: Power circuit simulation
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Fig.6.5: Power circuit layout
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Fig6.6: DC Motor
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Fig 6.7: Control circuit on the test board
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 Fig.6.8: Final control circuit 1
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Fig.6.9: Final control circuit 2
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Fig.6.10: power circuit tracks from the backward direction
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Fig6.11: power circuit from above view
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Fig 6.12: control circuit layout
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Fig 6.13: power circuit and lcd circuit layout

CHAPTER 7
CONCLUSION
CHAPTER 7
CONCLUSION
-Through our work we faced a lot of troubles and we solved some and adopted the others, starting from the stage of building a mechanical chassis to build a full control kit stage. We introduce here our conclusion to be as a pioneer for other future team works or any other corporation wants to build this type or controller and vehicles. From the previous study it can be concluded.

- A full data of the mechanical chassis should be fulfilled as the first step such as its curb, pay and gross vehicle weight it's driving to avoid any overload or in correct evaluation of the power rating for the driving motor. 

-Micro controller (pic18f452) is a highly efficient controller as it has multi input functions and modules and it also has many input and output

Ports pin which increase its ability of making multi functions.

-Opto coupler (4N35) IGBT driver (IR2110) is efficient IC's correct datasheet and less experience it was very hard to use and operate them as required.
 -The high power application of our project required high current power electronic switches so we can use IGBT's with high current or number of mosfets enough for the high current and the required power dissipation.

-High voltage required for the operation of the dc-motor is not easy to found and it required a number of deep cycle dc batteries which   have high cost and requires continuous charging.

- Micro C programming language is much easier than the asymple 

language as it is a compensation of orders and clear order

-Software pulse width modulation with PIC micro controller is better than analog pulse width modulation as it is very easy for re-programming.

-The previous reasons make the testing of work and motor drive as the all previous reasons increase the difficulty of testing and increase the possibility of errors.

-The money cause many problems in many situations especially when the required component would be used in specific purpose and for only one time and in situations such that the component required very high cost.
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