CHAPTER 1I
REVIEW OF RELATED LITERATURE AND STUDIES
Lighting System
Automatic lighting controls do exist in the market, like the Manual Dimming, Photosensors, Occupancy Sensors, Clock switches or timers, Centralized Controls. 
Manual Dimming controls allow occupants of a space to adjust the light output or illuminance. This can result in energy savings through reductions in input power, as well as reductions in peak power demand, and enhanced lighting flexibility. (Home Improvement, Renovation, Remodeling and House Repair
Real Estate Articles, Advice and Tips, retrieved JULY 16, 2005, from http://www.nemmar.com/rel-0006-home/article-home-improvement-0090.shtml)

The manual operation of lightings in different establishment, schools, roads and recreational areas in the Philippines, are being replaced by an automatic switching system. In some parts of Metro Manila, street lights have photo sensors attached to it, which automatically turns the light on and off. Other street lights are attached on a programmable timer which controls the switching of its light from dusk until dawn.
Other areas are still on the manual switching using a panel switch.

In Iloilo, street lights in the city are controlled by a timer, which is preset by an operator to its desired time. There are also places, which use the photo sensor as its switch, in Central Philippine University, each street lights situated in the campus have its own photo sensor attached to it.
Lighting control ranges from simple wall switches to complex dimming systems networked with other systems. In some industries, lighting accounts for more than 60% of a facility's electrical bill and 40% of the total energy bill. Add indirect costs, such as increased loads on cooling systems and increased luminaire maintenance, and the total can be even higher. 
Lighting control can range from simple wall switches to complex dimming systems networked with other building systems. Each lighting control system has a unique set of capabilities and price points. It's usually up to you to decide which system will perform best for the building owner.

Because lighting needs vary with the intended use (for example, lighting offices, corridors, cubicles, and training rooms) and characteristics of the area (such as room size and shape, ceiling height, and availability of natural light), most buildings contain more than one type of lighting control system. Mixing the available technologies often results in the most cost-effective approach
By combining control methods that include manual, scheduled, and occupancy with the on/off and dimming actions they perform, you can design an effective and economical lighting control system. Let's look at each method and action separately and then see how they can work together.

On/off operation, it may seem simple, but on/off operation is an area where many designers create an unworkable lighting scheme. Restrike time, which refers to the time it takes a lamp to begin giving off light after being turned on, is crucial for this type of system. Once metal-halides are shut off, they take several minutes to begin giving off light again after being turned back on. If all of your lamps are metal-halide and you shut them off at night, you'll wait 15 min for a reasonable level of light when you turn them on the next day. By adding other types of light, as well as dedicating certain fixtures to an “always on” configuration, you can reduce the effect of the restrike time. In planning the layout of your lighting controls, make it obvious which lights should not be shut off, and pay special attention to exit path lighting.

Dimming operation, When you plan dimming, consider how long it takes for a lamp to go from its floor dimming level to 80% output. The effective “floor” of dimming for fluorescent lamps is 20% — you won't see any energy savings below that level. The effective floor of dimming for metal-halide lights is about 50%, because you are effectively restriking the lamp below that level. Be careful where you place your sensors and how you aim them. You want the lights to come on whether a person or a lift truck enters the area, but you don't want adjacent traffic to cause the lights to dim up and down all day. When you dim lights based on ambient lighting, a time delay on the dim-down will eliminate nuisance dimming.

Manual lighting controls, range from a single switch to a bank of switches and dimmers, that are actuated by toggles, rotary knobs, push buttons, remote control, and other means. Manual controls are the most cost-effective options for small-scale situations. However, as the size of the lighting system grows, manual controls lose their cost-effectiveness. But they can still be an important part of a larger plan, as evidenced by the effectiveness of task lighting with manual controls.

Scheduled lighting controls, when you have a predictable occupancy pattern, scheduled lighting controls are often your best option. You can add special manual overrides to make this work when the area needs light outside the normal hours. Manual controls typically work in conjunction with the scheduled controls to override them for a preset time. You should always leave an exit path lit, regardless of the occupancy schedule. (Lighting Control 101 Advice and Tips, retrieved APRIL 24 2006, from http://www.ecmweb.com/mag/electric_lighting_control/index.html)


Kinds of Sensor
Slider switches allow the occupant to change the lighting over the complete output range. They're the simplest of the manual controls. Preset scene controls change the dimming settings for various lights all at once with the press of a button. You could also have different settings for the morning, afternoon, and evening. Remote control dimming is also available. This type of technology is well suited for retrofit projects, where it is useful to minimize the rewiring. 
Fluorescent lighting fixtures require special dimming ballasts and compatible control devices. Some dimming systems for high-intensity discharge lamps also require special dimming ballasts. (Home Improvement, Renovation, Remodeling and House Repair Real Estate Articles, Advice and Tips, retrieved JULY 16, 2005, from http://www.nemmar.com/rel-0006-home/article-home-improvement-0090.shtml)

Photosensors automatically adjust the light output of a lighting system based on detected illuminance. The technology behind photosensors is the photocell. A photocell is a light-responding silicon chip that converts incident radiant energy into electrical current. While some photosensors just turn lights off and on, others can also dim lights. Automatic dimming can help with lumen maintenance. Lumen maintenance involves dimming luminaires when they are new, which minimizes the wasteful effects of over-design. The power supplied to them is gradually increased to compensate for light loss over the life of the lamp. 
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Nearly all photosensors (figure 2.1) are used to decrease the electric power demand for lighting. In addition to lowering the electric power demand, dimming the lights also reduces the thermal load on a building's cooling system. Any solar heat gain that occurs in a building during the day must be taken into account for a whole building energy usage analysis. 
An Occupancy sensor turns lights on and off based on their detection of motion within a space. Some sensors can be also be used in conjunction with dimming controls to keep the lights from turning completely off when a space is unoccupied. This control scheme may be appropriate when occupancy sensors control separate zones in a large space, such as in a laboratory or in an open office area. In these situations, the lights can be dimmed to a predetermined level when the space is unoccupied. Sensors can also be used to enhance the efficiency of centralized controls by switching off lights in unoccupied areas during normal working hours as well as after hours. 

There are three basic types of occupancy sensors, Passive infrared (PIR) sensors, Ultrasonic sensors, Dual-technology occupancy sensors, A Passive infrared (PIR) sensors react to the movement of a heat-emitting body through their field of view. Wall box-type PIR occupancy sensors are best suited for small, enclosed spaces such as private offices, where the sensor replaces the light switch on the wall and no extra wiring is required. They should not be used where walls, partitions, or other objects might block the sensors' ability to detect motion. An Ultrasonic sensors, emits an inaudible sound pattern and re-read the reflection. They react to changes in the reflected sound pattern. These sensors detect very minor motion better than most infrared sensors. Therefore, they're good to use in spaces such as restrooms with stalls, which can block the field of view, since the hard surfaces will reflect the sound pattern. A Dual-technology occupancy sensors use both passive infrared and ultrasonic technologies to minimize the risk of false triggering (lights coming on when the space is unoccupied). This is more  expensive. (Home Improvement, Renovation, Remodeling and House Repair Real Estate Articles, Advice and Tips, retrieved JULY 16, 2005, from http://www.nemmar.com/rel-0006-home/article-home-improvement-0090.shtml)
Clock switches or timers control lighting for a preset period of time. They come equipped with an internal mechanical or digital clock, which will automatically adjust for the time of year. The user determines when the lights should be turned on and when they should be turned off. Clock switches can be used in conjunction with photosensors.

Centralized building controls or building automation systems can be used to automatically turn on, turn off, or dim electric lights around a building. In the morning, the centralized control system can be used to turn on the lights before employees arrive. During the day, a central control system can be used to dim the lights during periods of high power demand. And, at the end of the day, the lights can be turned off automatically. A centralized lighting control system can significantly reduce energy use in buildings where lights are left on when not needed. (Home Improvement, Renovation, Remodeling and House Repair Real Estate Articles, Advice and Tips, retrieved JULY 16, 2005, from http://www.nemmar.com/rel-0006-home/article-home-improvement-0090.shtml)
Types of Lights

Incandescent lamps (fig 2.2) are the least energy efficient type of lighting. Almost all of the electrical energy is converted into heat rather than light. Standard incandescent bulbs only last about a thousand hours and must be regularly replaced. Incandescent lamps are most suitable for areas where lighting is used infrequently and for short periods, such as laundries and toilets. Incandescent spotlights have built-in reflectors that increase their effectiveness slightly as they reflect the light forward. Light output falls over time as 

some of the tungsten in the filament evaporates and coats the glass bulb.
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Halogen lights (fig2.3) are also a type of incandescent lamp. The halogens in the bulbs prevent evaporated tungsten from depositing on the glass bulb. They are more expensive to buy but last up to two thousand hours. They can be either 240V bulbs, which are usually tubular and often used in uplighters and outdoor floodlights, or low voltage bulbs typically used in downlighting. All halogen lamps require special light fittings. Low voltage halogen lamps are not low energy lamps. Low voltage halogen lamps are slightly more efficient than normal bulbs of the same wattage, but they use a transformer that can consume from 10 to 30 percent of the bulb energy, reducing the efficiency gain. More efficient electronic transformers are available which reduce transformer losses. Low voltage halogen lamps are most suitable for highlighting features such as paintings or for task lighting directly over a cooking area or study desk. If used, fit lower wattage and more efficient bulbs. Efficient 35W lamps are available that produce as much light as a standard 50W lamp.

Fluorescent lamps are the most energy efficient form of lighting for households. They work by causing a phosphor coating in the inside of a glass tube to glow. Different types of phosphor give different colour light. Although more expensive to buy they are much cheaper to run and can last up to ten thousand hours. With careful design they can replace incandescent and halogen lights in most situations. Fluorescent lamps are ideal for areas where lighting is required for long periods of time, such as the living room and kitchen, and for security lighting. They also produce less heat, helping keep your home cooler in summer. Fluorescent lamps use only about one quarter of the energy used by incandescent bulbs to provide the same light level.
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Many people associate fluorescent lamps with cold, hard lighting, but in fact they come in different colour temperatures for different purposes. Warm white or daylight lamps have a colour temperature of about 3000 K, which is close to an incandescent bulb, and are suitable for kitchens and living rooms. Cool white tubes have a higher colour temperature, around 5000 K, and are more suited to garages and workshops. When mixing different types of lighting in a room try to use similar colour temperatures. (Home technical manual design for lifestyle, retrieved APRIL 24 2006, from http://www.greenhouse.gov.au/yourhome/technical/fs45.htm)

Relay
Relay is an electrical switch that opens and closes under control of another electrical circuit. In the original form, the switch is operated by an electromagnet to open or close one or many sets of contacts. It was invented by Joseph Henry in 1835. Because a relay is able to control an output circuit of higher power than the input circuit, it can be considered, in a broad sense, to be a form of electrical amplifier. Contacts can be either Normally Open (NO), Normally Closed (NC), or change-over contacts. 

Normally-open contacts connect the circuit when the relay is activated; the circuit is disconnected when the relay is inactive. It is also called Form A contact or "make" contact. Form A contact is ideal for applications that require to switch a high-current power source from a remote device. 
Normally-closed contacts disconnect the circuit when the relay is activated; the circuit is connected when the relay is inactive. It is also called Form B contact or "break" contact. Form B contact is ideal for applications that require the circuit to remain closed until the relay is activated.
Change-over contacts control two circuits: one normally-open contact and one normally-closed contact with a common terminal. It is also called Form C contact. (www.wikipedia.com, retrieved April 23 2006, http://en.wikipedia.org/wiki/Relay)


Relay Operation 

When a current flows through the coil, the resulting magnetic field attracts an armature that is mechanically linked to a moving contact. The movement either makes or breaks a connection with a fixed contact. When the current to the coil is switched off, the armature is returned by a force that is half as strong as the magnetic force to its relaxed position. Usually this is a spring, but gravity is also used commonly in industrial motor starters. The magnetic flux in the armature induces a current in opposition to the current provided to the coil called 'back emf'. There is a rush of current to operate the coil and move the contacts, but once the armature is closed, the current required to hold the armature closed is a small fraction of that, typically a tenth. Relays are manufactured to operate quickly. In a low voltage application, this is to reduce noise. In a high voltage or high current application, this is to reduce arcing. If the coil is energized with DC current, regardless of the current through the contacts, a diode is generally installed across the coil. 
When the coil is energized, a magnetic field is established. When the coil is de-energized, the collapsing magnetic field will generate a spike of current that could damage the rest of the circuit. If the coil is energized with AC current, a small copper ring is crimped to the end of the solenoid. Alternating current is at zero volts 120 times a second. At zero volts, there's no magnetic force holding the contacts closed. The small copper ring provides a small out of phase current called a shadow pole. The sum of the AC current and the shadow pole keeps the armature engaged at all times. By analogy with the functions of the original electromagnetic device, a solid-state relay is made with a thyristor or other solid-state switching device. To achieve electrical isolation, a light emitting diode LED is used with a photo transitor. (www.wikipedia.com, retrieved April 23 2006, http://en.wikipedia.org/wiki/Relay)
Types of Relay
Latching relays are available that have two relaxed states (bistable). These are also called 'keep' relays. When the current is switched off, the relay remains in its last state. This is achieved either with a solenoid operating a ratchet and cam mechanism or by having two opposing coils with an over-center spring or permanent magnet to hold the armature and contacts in position while the coil is relaxed. In the ratchet and cam example, the first pulse to the coil turns the relay on and the second pulse turns it off. In the two coil example, a pulse to one coil turns the relay on and a pulse to the opposite coil turns the relay off. This type of relay has the advantage that it consumes power only for an instant, while it is being switched, and it retains its last setting across a power outage. 

Reed relay has a set of, usually normally open, contacts inside a vacuum or inert gas filled glass tube. This protects the contacts against atmospheric corrosion. The two contacts are closed by magnetism from a coil around the glass tube.

 
Mercury wetted relay is a form of reed relay in which the contacts are wetted with mercury. Such relays are used to switch low-voltage signals (one volt or less) because of its low contact resistance, or for high-speed counting and timing applications where the mercury eliminated contact bounce. Mercury wetted relays are position-sensitive and must be mounted vertically to work properly. Because of the toxicity and expense of liquid mercury, these relays are rarely specified for new equipment. A machine tool relay is a type standardized for industrial control of machine tools, transfer machines, and other sequential control. They are characterized by a large number of contacts (sometimes extendable in the field) which are easily converted from normally-open to normally-closed status, easily replaceable coils, and a form factor that allows compactly installing many relays in a control panel. Although such relays once were the backbone of automation in such industries as automobile assembly, the programmable logic controller mostly displaced the machine tool relay from sequential control applications. 

A contactor is a very heavy-duty relay used for switching electric motors and lighting loads. With high current, the contacts are made with pure silver. The unavoidable arcing causes the contacts to oxidize and silver oxide is still a good conductor. Such devices are often used for motor starters. A motor starter is a contactor with an overload protection devices attached. The overload sensing devices are a form of heat operated relay where a coil heats a bi-metal strip, or where a solder pot melts, releasing a spring to operate auxiliary contacts. These auxiliary contacts are in series with the coil. If the overload senses excess current in the load, the coil is de-energized. 

Buchholz relay is a safety device sensing the accumulation of gas in large oil-filled transformers, which will alarm on slow accumulation of gas or shut down the transformer if gas is produced rapidly in the transformer oil. 

Solid State Relay (SSR) is a solid state electronic component that provides a similar function to an electromechanical relay but does not have any moving components, increasing long-term reliability. 
One type of motor overload protection relay is operated by a heating element in series with the motor. The heat generated by the motor current operates a bi-metal strip or melts solder, releasing a spring to operate contacts. Where the overload relay is exposed to the same environment as the motor, a useful though crude compensation for motor ambient temperature is provided. . (www.wikipedia.com, retrieved April 23 2006, http://en.wikipedia.org/wiki/Relay)
Classification of Relay
SPST - Single Pole Single Throw. These have two terminals which can be switched on/off. 

SPDT - Single Pole Double Throw. These have one row of three terminals. One terminal (common) switches between the other two poles. It is the same as a single change-over switch. 

DPST - Double Pole Single Throw. These have two pairs of terminals. Equivalent to two SPST switches or relays actuated by a single coil.. This configuration may also be referred to as DPNO. 

DPDT - Double Pole Double Throw. These have two rows of change-over terminals. Equivalent to two SPDT switches or relays actuated by a single coil. 
Relay Application
Relays are used:
to control a high-voltage circuit with a low-voltage signal, as in some types of modems, 

to control a high-current circuit with a low-current signal, as in the starter solenoid of an automobile, 

to detect and isolate faults on transmission and distribution lines by opening and closing circuit breakers (protection relays), 

to isolate the controlling circuit from the controlled circuit when the two are at different potentials, for example when controlling a mains-powered device from a low-voltage switch. The latter is often applied to control office lighting as the low voltage wires are easily installed in partitions, which may be often moved as needs change. They may also be controlled by room occupancy detectors in an effort to conserve energy, 

to perform logic functions. Due to the failure modes of a relay compared with a semiconductor, they are widely used in safety critical logic, such as the control panels of radioactive waste handling machinery. 

to perform time delay functions. Relays can be modified to delay opening or delay closing a set of contacts. A very short (a fraction of a second) delay would use a copper disk between the armature and moving blade assembly. Current flowing in the disk maintains magnetic field for a short time, lengthening release time. For a slightly longer (up to a minute) delay, a dashpot is used. A dashpot is a piston filled with fluid that is allowed to escape slowly. The time period can be varied by increasing or decreasing the flow rate. For longer time periods, a mechanical clockwork timer is installed. . (www.wikipedia.com, retrieved April 23 2006, http://en.wikipedia.org/wiki/Relay)
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FIGURE 2.1 OUTDOOR  LIGHTS WITH PHOTOSENSOR
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FIGURE 2.2 incandescent bulbs





FIGURE 2.3 halogen lamp





FIGURE 2.4 incandescent bulbs
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