

    

        


        
        
                        
                
            
                    


        
            	
                    Ho Sy Ha
                
	
                    
                        Home
                    
                
	
                    
                        Comments
                    
                


        


        
    
    

    
        
            
                
                    
                                                    
    
        

        


        
            AVIONICS WORKSHOP PRACTICES For Training Purpose Only Page 1 AVIONICS & INSTRUMENTS WORKSHOP PRACTICES (06‐04‐2010) 
        

    





                                            

                

            

        


        
            
                
                
                
            

            
                

                

                
                    
                     Match case
                     Limit results 1 per page
                    

                    
                    

                

            

        
    


    
        
                            
                    


        

            
                
                    

                    
                    
                

                
                    
                    1

306
                    
                

                
                    
                    100%
Actual Size
Fit Width
Fit Height
Fit Page
Automatic


                    
                


                
                
                    
                    Embed
                
                
            


        

        

    




        

            

        
            
                
                    
                        
                            Home
                        

                        
                                            


                    
                        Avionics Workshop Trainingrev3

                        Apr 16, 2015

                        
                                                                                        Download
                                                        Report
                        


                        
                            Category:
                            
                                Documents
                            

                        


                                                    
                                Author:
                                Ho Sy Ha
                            

                        

                        

                        
                    



                    

                                    

            




            
                
                    
                                                    Welcome
                        
                                                    
                                Comments
                            
                        
                                            




                                            
                            Welcome message from author

                            This document is posted to help you gain knowledge. Please leave a comment to let me know what you think about it! Share it to your friends and learn new things together.
                        

                    

                                            
                                                            
                            
                            

                        

                    

                                    

            

        


                    
                
                    
                        Transcript

                        
                            Page 1
                        

AVIONICS WORKSHOP PRACTICES
 For Training Purpose Only Page 1
 AVIONICS & INSTRUMENTS WORKSHOP PRACTICES
 (06‐04‐2010)

Page 2
                        

AVIONICS WORKSHOP PRACTICES
 For Training Purpose Only Page 2
 This manual is for training purpose only. As this is not a controlled copy, it will not be revised. This does not supersede or amend any approved procedure or manual issued by manufacturer of components or regulatory or any concerned authorities.
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 Success of Montgolfier brothers in 1783 in putting a heavIer-than-air balloon in the air culminated in Wright brother’s first controlled, powered flight in 1903, for 12 seconds, at 120 feet.
 Piston-engine aircraft ruled the sky for a few years before man’s thirst for speed brought the jet-engine aircraft on the scene.
 As the aircraft became more and more sophisticated, the need for instruments to provide situation awareness to pilot was realized.
 In 1914, Lawrence Sperry demonstrated gyroscopically- based control system for a hands-off flight, followed by introduction of turn and slip indicator, gyro horizon and directional gyro-compass, for blind flying.
 After the First World War, airline industry recognized radio as essential for safe and efficient operation of aircraft.
 Introduction of radio communication and navigation systems paved way for use of electronics for displays and system controls.
 AVIONICS – the term came into being in the 1960s - or aviation electronics started growing after the second world war.
 Avionics development was spurred by the demands posed by the military aircraft and was coincident with the growth in industrial, entertainment, and business electronics.
 Analog technology, which was the state-of-the-art at the time of aircraft like Boeing 707, DC 8 served well initially.
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 Development of electronics:
 Early avionics components used power guzzling, hot and bulky vacuum tube circuits (first generation) – year 1911.
 Invention of semiconductor diodes and transistors in discrete circuits, with ostensibly an unlimited life, helped to overcome the shortcomings of tube circuits (second generation)‐ year 1951.
 Aviation’s cry for avionics with reliability at low cost, low weight, volume, and power consumption drove the aircraft and avionics equipment manufacturers to introduce Integrated Circuits (ICs) in aviation (third generation), ushering in digital era in year 1961.
 Microelectronics with some 30000 components – 2000 per sq.mm – on Very‐Large‐Scale Integration (VLSI) has made it possible to design microcomputers, a boon for aviation industry.
 Last figure compares the sizes of these three circuits.
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 Vacuum tube electronics

Page 12
                        

AVIONICS WORKSHOP PRACTICES
 For Training Purpose Only Page 12
 Transistor discrete circuit
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 Comparison of PCB and IC
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 Comparison of sizes: Vacuum tube to IC
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 Main categories in Avionics
 Aircraft avionics: The cockpit of an aircraft is a major location for avionic equipment, including control, monitoring, communication, navigation, weather, and anti-collision systems. The majority of aircraft drive their avionics using 14 or 28 volt DC electrical systems; however, large, more sophisticated aircraft have AC systems operating at 115V, 400 Hz.
 Communications: Communications connect the flight deck to the ground, and the flight deck to the passengers. On-board communications are provided by public address systems and aircraft intercoms.
 The VHF aviation communication system works on the Airband of 118.000 MHz to 136.975 MHz. Each channel is spaced from the adjacent by 8.33 kHz. Amplitude Modulation (AM) is used. The conversation is performed by simplex mode. Aircraft communication can also take place using HF (especially for trans-oceanic flights) system or satellite communication (SATCOM) system.
 Navigation: Navigation is the determination of position and direction on or above the surface of the Earth. Older avionics required a pilot or navigator to plot the intersection of signals on a paper map to determine an aircraft's location; modern systems calculate the position automatically and display it to the flight crew on moving map displays.
 Avionics can use satellite-based systems (such as GPS and WAAS), ground-based systems (such as VOR or ADF or Loran).
 Flight Management System (FMS) has become a standard installation on modern aircraft with Lateral and Vertical navigation capability.
 Monitoring: Glass cockpits started to come into being with the Gulfstream G-IV private jet, A319, B757/767 in early 80s. Display systems display sensor data that allows the aircraft to fly safely. Much information that used to be displayed using mechanical gauges appears on electronic displays in newer aircraft. Almost all new aircraft include glass cockpits. ARINC 818, titled Avionics Digital Video Bus, is a protocol used by many new glass cockpit displays in both commercial and military aircraft.
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 Aircraft Centralized Monitoring System to store various aircraft and engine parameters for performance monitoring, Centralised Maintenance Computing System/Centralized Fault Data Information System for storing fault reports and EICAS and ECAM to alert pilot of failures are added features in modern aircraft.
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 Aircraft flight control systems: Airplanes and helicopters have means of automatically controlling flight. They reduce pilot workload at important times (like during landing, or in hover), and they make these actions safer by 'removing' pilot error. The first simple auto-pilots were used to control heading and altitude and had limited authority on things like thrust and flight control surfaces. In helicopters, auto stabilization was used in a similar way. The old systems were electromechanical in nature until very recently.
 The advent of fly-by-wire system, with electrically controlled hydraulic actuators for operating flight control surfaces, has increased flight safety. As with displays and instruments, critical devices which were electro-mechanical had a finite life. With safety critical systems, the software is very strictly tested.
 Collision-avoidance systems: To supplement air traffic control, most large transport aircraft and many smaller ones use a TCAS (Traffic Alert and Collision Avoidance System), which can detect the location of nearby aircraft, and provide instructions for avoiding a midair collision. Smaller aircraft may use simpler traffic alerting systems such as TPAS, which are passive (they do not actively interrogate the transponders of other aircraft) and do not provide advisories for conflict resolution.
 To help avoid collision with terrain, (CFIT) aircraft use systems such as Ground Proximity Warning Systems (GPWS), radar altimeter being the key element in GPWS. A major weakness of (GPWS) is the lack of predictive alerts to pilot and inhibiting of all alerts when the aircraft is in landing configuration. To overcome this weakness, Enhanced GPWS has Terrain Awareness (look-ahead) and Terrain Clearance Floor (alert if aircraft penetrates safe floor in any configuration).
 Weather systems: Weather systems such as weather radar (typically ARINC 708 on commercial aircraft) are important for aircraft flying at night or in Instrument meteorological conditions, where it is not possible for pilots to see the weather ahead. Heavy precipitation (as sensed by radar) or severe turbulence (as sensed by lightning activity) are both indications of strong convective activity and severe turbulence, and weather systems allow pilots to deviate around these areas.
 Addition of Predictive Wind-shear capability to radar enhances its utility to pilot.
 Aircraft management systems: There has been a progression towards centralized control of the multiple complex systems fitted to aircraft, including engine monitoring and management. Health and Usage Monitoring Systems are integrated with aircraft management computers to allow maintainers early warnings of parts that will need replacement.
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 Glass Cockpit in Digital Aircraft
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 A320 Glass Cockpit
 INSTALLATION OF AVIONICS UNITS ON AIRCRAFT
 Avionics units are mounted generally on instrument panels in the cockpit, on racks (Line Replaceable Units) inequipment centre(s) or on brackets.
 Rack- mounted unit have cooling arrangements to cool them when they are in operation. Racks for the LRUs may be provided at various locations by the manufacturer.
 The receptacles on the rack are floating type to allow alignment with the mating plugs in the units during installation. There are also polarizing posts on the rack receptacles and matching holes on the connectors on the units to ensure a wrong unit is not installed in a slot.
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 Cooling may be applied internally or externally to the case of the item of E/E equipment. There are also E/E equipment items which are cooled by natural convection, conduction, and radiation to the surrounding environment.
 Panel-mounted units can be Bezel-mounted or Clamp-mounted as shown.
 LOCATIONS OF AVIONICS COMPONENTS ON AIRCRAFT
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 LRU and LRU Rack
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 Avionics Box Sizes are given in ARINC 404 or ARINC 600 Specifications
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 Connector Polarization
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 Size & Metering Plate Configurations ARINC 600 Size Configurations : ARINC 600 avionics equipment is based on the installation concept designated Modular Concept Unit (MCU), which has a fixed height and length. Unlike ARINC 404 standards, ARINC 600 avionics equipment only comes in the short box size and is designated in multiples of 1 MCU (e.g. 2 MCU, 3 MCU, 4 MCU, etc.). MCU length is the approximate equivalent to an ATR short. To meet ARINC 600 standards, tray proportions comply with the same system. As a result, a 4 MCU equipment box would use a 4 MCU tray. To accomplish the successful installation of ARINC 600 avionics equipment on an ARINC 404 compatible rack, or where 404 ATR boxes are to be installed on aircraft that contains ARINC 600 equipment, ARINC 600 trays come in short/short and short/long size configurations (as illustrated below). When specifying ARINC 600 mounting trays, it is not only important to know the equipment size, but installation requirements as well.
 Metering Plates ARINC 600 trays that are mounted on forced air cooling shelves will require a special metering plate to regulate the movement of air. Metering plates are mounted in a deformation in the tray bottom, sealed with a special gasket, and equipped with metering plugs to regulate air flow as needed. Inlet holes for ECS metering plates run 0.38" in diameter for 2 MCU ARINC 600 trays and 0.81" in diameter for all other ARINC 600 tray sizes. Illustrated above are typical ARINC cutouts and metering plate sizes. Contact the ECS Customer Service department if you need additional size or cooling information for putting together a design analysis
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 Why Use Hermetic Products on Aircraft?
 Unlike plastic, hermetic products protect against various environmental conditions, including changes in atmospheric pressure, humidity/moisture, soil/grime, and other natural hazards that would otherwise disrupt electrical connections or damage delicate electronics within a hermetic product. Hermetics are constructed from materials that offer continuity of use over a long period of time so you can be rest assured that your electronics are secure and safe.
 Who Uses Hermetics (air-tight closure) and Why?
 Product applications that are susceptible to harsh environmental conditions and whose disrupted functionality could cause catastrophic outcome require the use of hermetics. For example:
 • The Petrochemical industry uses hermetics to protect sensors and electronics in down-hole drilling exploration equipment. Exposed to dirt, oil, grime and extreme pressure, hermetic connectors, terminals and headers, as well as microelectronic packages are able to meet these stringent requirements
 • The Aerospace industry uses hermetic connectors, hermetically sealed terminals and hermetically sealed
 headers in many systems within an airplane. Hermetic connectors are used to ensure that the integrity of delicate electronics within a black box is maintained in case the contents of the box are ever needed.
 • Additionally, hermetic connectors are used in sensor systems within fuel systems – fuel tanks – to help
 notify and prevent the seepage of fuel • The Optical Networking industry uses hermetics to protect delicate circuitry in the infrastructure currently
 being installed underground
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 • The Medical industry uses hermetics within the human body to protect ensure electronic functionality in pacemakers and hearing devices
 • The Automotive industry uses hermetics to ensure sensor functionality in rollover devices and airbag equipment
 TESTING • Sealing: This performance test shall apply to any hermetically sealed components. The component shall be
 immersed in a suitable liquid, such as water. The absolute pressure of the air above the liquid shall then be reduced to approximately 1 inch of mercury (Hg) and maintained for 1 minute, or until air bubbles cease to be given off by the liquid, whichever is longer. The absolute pressure shall then be increased by 2 ½ inches Hg. Any bubbles coming from within the component case shall be considered as leakage and shall be cause of rejection. Bubbles which are the result of entrapped air in the various exterior parts of the case shall not be considered as leakage. Other test methods which provide evidence equal to the immersion test of the integrity of the instrument’s seals may be used. If the component incorporates non-hermetically sealed appurtenances such as a case extension, these appurtenances may be removed prior to the Sealing test.
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 AVIONICS WORKSHOP REQUIREMENTS
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 AVIONICS WORKSHOP REQUIREMENTS (Instruments Shop is included) GENERAL. Repaired and overhauled equipment (including parts) should equal or exceed the original condition set forth in the manufacturers’ maintenance or overhaul manuals (Reference FAR 43.13. and FAR 145.57). Particular attention should be given to good shop practices such as proper use of tools, equipment, and test apparatus necessary to assure completion of the work in accordance with accepted industry practices. All manufacturers’ service manuals, instructions and service bulletins that relate to articles being repaired or overhauled should be maintained, in current condition, in accordance with FAR. The Component Maintenance Manuals or Overhaul Manuals must be to the latest revision status. ENVIRONMENTAL CONDITIONS a) General : Repair and overhaul facilities should maintain a clean , well-lighted, well-ventilated work area, and control cleanliness, temperature humidity and lighting, when necessary. b) Environmental Factors for all Instruments Shops: (1) Temperature - The temperature should be between 70’ and 80’ F (21.1’ and 26.7’ C). (2) Humidity - Relative humidity should not exceed a maximum of 50 percent. This can normally be achieved by the use of air conditioning and/or humidifiers. (3) Lighting - It is recommended that a minimum of 500 foot-candles be maintained in the work area for fine bench work and 1,000 foot-candles for extra fine bench work. (4) Cleaning - Should be done periodically by vacuum or other dust suppression type cleaning methods. (5) Smoking and Eating - Smoking and eating should not be permitted at work benches. c) Environmental Factors for Overhaul and Repair of Gyroscopic Instruments and Altitude Encoders. (1) Overhaul and Repair: For overhaul and repair of gyroscopic instruments and altitude encoders, the air in the work area should contain no more than 20,000 particles per cubic foot with maximum average particle size not exceeding 5 microns. (= MILLIONTH OF A METER)(2) Positive Pressure: It is recommended that a positive pressure be maintained in the contamination-controlled areas. (3) Personnel: It is recommended that personnel entering or working in the contamination-controlled areas wear lint-free clothes. (4) Smoking and Eating: Smoking and eating should not be permitted in the contamination-controlled areas.
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 CALIBRATION OF TEST EOUIPMENT a. Barometers: Calibration of barometers should be accomplished in accordance with AC 43-2A and manufacturers’ instructions. However, it is recommended that a secondary standard be used to verify initial calibration of the working barometer and to verify its accuracy every six months. b Electronic and Mechanical Test Equipment: Electronic and mechanical test equipment should be calibrated with the use of a standard each six months. However, this interval may be extended to a one-year period if the operating history of the unit warrants the extension.
 Electrical / Electronic Test Equipment in Avionics Workshop (Typical)
 Analyzers
 Any type of analyzer such as signal or function analyzers.
 Automated Test Equipment (ATE)
 Automated Test Equipment (ATE) is computer controlled test and
 measurement equipment that is arranged in such a way as to be able to test a unit with minimal human interaction. The advantage of this kind of test is that each test is repeatable and cost efficient in high volume. The chief disadvantage is the high cost of programming and setup.
 Data Acquisition / Signal Conditioning
 Data acquisition is the digitizing and processing of multiple sensor or signal inputs for the purpose of monitoring, analyzing and/or controlling systems and processes. Signal conditioning includes the amplification, filtering, converting, and other processes required to make sensor output suitable for rereading by computer boards. Data acquisition systems and instruments collect, digitize and process multiple sensor or signal inputs for the purpose of monitoring, analyzing and/or controlling systems and processes. They are configured in a wide variety of instrumentation and modular systems.
 Data / Chart Recorders
 Data loggers and data recorders acquire digital data from sensors and other signals. They are primarily used to store data (for subsequent
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 download to a host PC), but may also include real-time features including monitors and alarms. Chart recorders and strip charts are data acquisition tools used to generate a plot, graph or other visualization of data versus time. Common applications include temperature and humidity measurements, chromatography, spectroscopy graphs, and plots of the output of a wide range of other lab and test equipment.
 Multimeter / Electrical Meters
 Any electrical quantity measuring meter or multimeter, either analog or digital.
 RF / Microwave Instruments
 Any instrument involved in RF, microwave or wireless communication including transmitters, receivers, antennas, etc.
 Generators (Function, Pulse, etc.)
 Any digital or analog type generator such as function generators, signal generators, pulse generators etc.
 Oscilloscopes / Scopes
 Any digital scope including oscilloscopes or PC based scopes for capturing and analyzing electronic signals.
 Power Supplies / Amplifiers
 Any AC or DC power supply, power amplifier.
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 CLEAN ROOM
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 WHAT IS A CLEAN ROOM? Introduction The higher reliability requirements specified for aircraft system components and in particular, those associated with complex electronic, instrumentation and mechanical systems, necessitated the development of techniques for controlling contamination which in various forms is a common cause of component failure. It also became necessary to apply these techniques to selected areas of manufacturing and aircraft operating organisations in which the various processes of manufacture, overhaul and testing can be carried out under controlled environmental conditions. Such selected areas are referred to as Clean Rooms, the design and manufacture of which form part of an independent and highly specialised field of work to British Standard BS 5295 Parts 1, 2 and 3. Sources of Contamination Any substance that causes failure or malfunctioning of a component is a contaminant, the particles of which may take a variety of forms and stem from many sources.
 Air The air which continually surrounds the components may be considered as a contamination storehouse containing dirt and dust particles, organic and inorganic vapours.
 Manufacture
 Contaminants are produced during all manufacturing processes. Particles, such as swarf resulting from a machining operation, or particles
 forced into the surface of a component during a pressing or heating process, can be of such a nature that their effect can be immediate or delayed. Depending on the composition of the particle and component materials, the alloys or compounds formed by interaction can result in serious loss of a component's structural strength over a period governed by the rate of diffusion.
 Assembly
 During the assembly process the possibility of introducing contaminants is probably greatest because of exposure to the highest levels of contaminant sources. In the soldering process for example, the vapourisation of flux causes particles to escape into the surrounding air which, on cooling, condense as droplets on a nearby cold surface of the component. Depending on the location of the particles and the forces applied to them, they can act as a contaminant with an immediate or delayed effect.
 The use of jointing adhesives can also produce
 contamination similar to that of a soldering process. In addition, vapours can be given off which can migrate to other parts of an assembly and act as a delayed-action contaminant.
 Assembly of components using threaded joints
 can produce fibre-shaped fragments or flakes as a result of an effect similar to wire drawing. For extremely close fit or for balancing purposes, it
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 may be necessary to fit individual parts of a component together by grinding, lapping or honing operations. In any such operation, contaminant particles can be dispersed in the atmosphere, suspended in fluids, adhere to the surfaces of component parts, or become embedded into the surfaces.
 Assembly of components in jigs, or while being
 handled or supported by tools, may result in deformation of surfaces and production of contaminant particles. For example, if during tightening of a bolt, slippage of the spanner jaws occurs, particles are produced from the bolt head. Particles are also produced from the heads of bolts or screws and component surfaces during final tightening.
 Storage and Transit
 During the second period of assembled components and of associated independent parts, contamination can occur in several ways notwithstanding the use of protective coverings or containers. Particles from the air may be deposited as a result of gravitational settling and also as a result of electrostatic effects. Improperly cleaned containers or covers may transfer particles to components, in particular, where padded containers and plastics containers are used. In the first case, the contours of the container may trap particles which are not released until the component causes deformation
 of the padding. In the second case, plastics containers may pick up particles from the air due to electrostatic charging and hold them until transferred to the packed component.
 Containers which are not hermetically sealed are subject to a 'breathing' cycle as the temperature of the container varies. During the intake portion of the cycle, particles in the air surrounding the container may be drawn into a position where they can contaminate the component.
 Component Cleaning Processes
 A cleaning process is actually a process of transforming contamination from a high level of concentration to a lower one; therefore, tolerance levels must be considered relative to the component's function and required operational accuracy. The transfer of contaminant particles is dependent on the methods used in the cleaning process, i.e. whether wiping or polishing with an absorbent or collecting material (dry cleaning transfer) or cleaning by means of a liquid (wet cleaning transfer). Problems exist in each of these processes. The ways in which dry cleaning can contaminate include the following: a) Removal of fibrous particles from the cleaning material.
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 b) The material, after use, may have a particle concentration sufficiently high so that as much contamination is left on the component as is removed.
 c) Wiping or polishing action can cause particle adhesion as a result of electrostatic charges.
 d) Particles can be moved about on a component surface without necessarily being lifted from the surfaces.
 In the wet cleaning process, the contaminated surfaces are exposed to clean fluid which will wet the particles and the surfaces. The fluid or the component is then agitated so as to pull particles from the surfaces. After a specified period the component is withdrawn and the surfaces are dried. The ways in which wet cleaning can contaminate include the following: a) It is often difficult to obtain clean fluid and to
 keep it clean when handling it. b) Agitation of the fluid is normally done by
 ultrasonic means, but there is a possibility of re-contamination if the amplitude of agitation is not large enough to remove particles an appreciable distance from the surface of the component.
 c) Often a wet surface may have particles in the liquid layer that can easily be moved laterally over the surface but are removed from the liquid layer only with great difficulty.
 d) Until the component is dried, any airborne particles will collect on the wet surface and remain. .
 Personnel Activity
 The activity of personnel is probably the greatest single cause of contamination which arises from several sources. The act of walking, or other movements required at a work bench, produces transient air currents which re-distribute airborne particles and the brushing off of particles from many surfaces. Another contaminant source is the shedding of skin and hair particles. The outer layers of skin flake off almost continuously, the flake rate and size depending on the amount of abrasion to which the skin is exposed and its condition. Exhaled air is another source of contamination since it contains moisture-retaining solid particles and is usually acidic in nature. Perspiration from the skin is a similar hazard.
 Control of Contamination The manufacture of a clean room and its air handling system must be designed to control airborne particles over a range of sizes and suited to the nature of the work performed in the room. Control is accomplished by filtration of the air entering the room, changing the air to remove generated particles, designing walls, floors and furnishings to be resistant to particle generation and retention, protecting components from impact and settling
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 of particles and providing additional areas for cleaning of parts and personnel. Size of Contaminants The degree to which contaminants are effectively controlled is determined by measurements of the size of particles and the number in a given volume. The conventional unit of measurement is the micrometre (µm), In general, the filtration systems of clean areas are designed to control particles of 0·5 µm and larger in size. Classification of Air Cleanliness In addition to all principles of air-conditioning, certain specialised cleanliness requirements are defined by standards which establish classes of contamination level to be achieved in the design of a clean room for a specific task. Classifications relate to the number of contaminant particles 0·5 urn and larger in size, present in one cubic metre of air. Four classes of contamination level are generally adopted and these are shown in descending order of cleanliness in Table 1. Special classifications may be used for particle count levels where special conditions dictate their use. A summary of the cleanliness requirements for some typical products is given in Table 2.
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 Classification of Clean Rooms The cleanliness achieved by a clean room is dependent on the air-handling system's capacity to purge the room of contaminant particles. This includes not only effectiveness of the filters and the number of air changes per hour but also the distribution of the air within the room. There are two main methods of distributing air into clean rooms namely, conventional clean rooms and unidirectional-flow clean rooms, and these also serve as the basis of clean room classification.
 Conventional Clean Rooms Conventional clean rooms are based on recognised air-conditioning techniques. The conditioned air is highly filtered and distributed through ceiling-mounted diffuser outlets and then exhausted from return airducts located near the floor around the periphery of the room.In addition to direct emission from the diffuser outlets, spreading of conditioned air throughout the room is obtained by secondary mixing of the air caused by thermal effects of warm and cool air currents. This is an advantage from the point of view of maintaining conformity of room temperature, conditions, but the turbulence created gives rise to the problem of contaminant particles being re-introduced into the airstream.
 Unidirectional-flow Clean Rooms
 These rooms have been developed from the conventional type of clean room and are designed
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 to overcome three primary deficiencies associated with it; lack of self cleanup capabilities to effect contamination brought in by personnel and equipment, non-uniformity of airflow patterns and the requirement for rigid control of personnel. The major differences between the layout and operation of the two types of clean room result from the method of air distribution adopted. In a unidirectional-flow room air is introduced through a large filtered diffuser area, moves through the room and is exhausted through an outlet opposite to the diffuser and of equally large area. Such an arrangement ensures that the air moves in a straight or unidirectional-flow. The outlet is connected to return air ducts thus permitting re-cycling of the air. Two alternative airflow systems exist and are illustrated diagrammatically in Figure. In the vertical unidirectional-flow (down-flow room) system, the diffuser forms the complete ceiling of the room and the floor is grated to provide the outlet to return ducts. The diffuser of a horizontal flow (cross-flow room) system forms one of the end walls of the room. After passing through the room and then through an exhaust grill the air is deflected upwards into the return ducts.
 In some designs the use of separate return ducting may be eliminated by adopting the twin cross-flow technique of air distribution as shown in Figure. The total clean room area required is divided in half by a wall, with flow in one direction on one side of the wall and flow in the opposite direction on the other side. The end walls are made up of filtered diffusers and exhaust grills and are disposed so that the clean room itself acts as a return duct.
 Unidirectional Flow System
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 Twin unidirectional Flow System Environment and Comfort Control The temperature, humidity and pressure characteristics of the air passing through the air handling system should be controlled to establish an environment suitable for work processes to be carried out in a clean room and for the comfort of clean room personnel.
 Temperature and Humidity The selection of temperature and humidity ranges to be controlled are dependent on the design of the component or system and the effects on their functional accuracy under varying environmental conditions. Normally a suitable temperature for working conditions is 20 ± 2°C (68 ± 36°F). Humidity should be controlled and maintained at a relative humidity of 35 to 50% for all classes of clean rooms, contained work stations and clean boxes.
 Pressure Clean rooms are always slightly pressurised in order to maintain the required outward flow of air under closed
 working conditions and to prevent the entry of contaminant airborne particles when entryways or doors are opened. Unidirectional-flow rooms should normally have an air velocity of 0-45 ± 0·1 m/s for horizontal flow rooms and 0·30 ± 0·05 m/s for vertical flow rooms. Air pressure for conventional flow rooms should be such that the number of air changes, including recirculated air, should not normally be less than 20 per hour except for Class 4 rooms where not less than 10 changes per hour may be acceptable.
 Arrangements should also be made to ensure that excessive turbulence is not produced, and every precaution should be taken to obviate the possibility of contaminated air being carried back to the work stations. Contained work stations and portable work boxes should normally conform to the requirements of the type of air flow selected. Air pressure and graduations between successive pressure areas should not normally be less than 15 Pa (1·5 mm water gauge).
 NOTE: 25 Pa (2.5 mm water gauge) is normally regarded as adequate but, when selecting the actual pressure, care should be taken to ensure that in-leakage is prevented.
 Air Handling Systems The primary function of an air handling system for any type of clean room is to control the level of airborne contaminant particles by constantly filtering and re-circulating the air. The arrangement of a system depends on whether it is to be a conventional clean room, unidirectional vertical or horizontal flow clean room. In the basic form, however, it consists of a fan, ducting for inlet and exhaust air and an air filtration
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 system. In some instances, the use of ducting may be minimised by adopting a false ceiling arrangement and by blowing air through the plenum chamber formed between two ceilings, and also by adopting a twin cross-flow system. The air is conditioned to the required temperature and humidity values by adopting recognised air-conditioning principles and by the integration of an appropriate air-conditioning plant.
 Fans Fans are usually of the electrically-operated type designed to deliver a constant airflow rate through the clean room as the filter pressure drop increases. They should be mounted external to the ducting, where possible, to avoid heat loading of the air and introduction of further contamination. Care should also be taken to avoid contamination of the atmosphere by gaseous effluents.
 Ducting Ducting is manufactured from materials which are non-flaking and corrosion-resistant, stainless-steel and aluminium being commonly used, or should normally be treated to prevent the introduction of contaminants from the duct.
 Filtration System Filtration of airborne contaminant particles is selected on the basis of cleanliness level required and, generally, a system is made up of two principal stages: pre-filter stage and final filter stage. Pre-filtering is carried out at the inlet to the air handling system and at one or more points upstream of the clean room, and final filtering directly at the inlet to the clean room. The filters are specifically designed for clean room systems and are graded at each stage, thus providing control of diminishing size particles. Filtering action depends on the particles contacting and adhering to the fibres or collecting surface of the filter medium which is made
 from such materials as glass-fibre and asbestos. The filters utilised for final filtering are variously known as super-inception, absolute or high-efficiency particulate air (HEPA) filters and may be used as individual units or assembled to form a filter bank or module. In the latter case, each unit is connected to a common plenum chamber incorporating its own fan. The number of individual units in a bank is governed by design requirements for the air handling system.
 Layout of Clean Rooms The layout of a clean room is governed by many factors arising principally from the manufacturing processes and test procedures to be carried out on specific types of equipment. As a result there are a variety of design and layout specifications to meet the requirements of individual manufacturers and operators of equipment. In their basic form, however, layouts are directly related to the accepted methods of air distribution, i.e. unidirectional-flow and conventional.
 Unidirectional Clean Rooms The layout of a typical clean room facility is illustrated in Figure. The area devoted to the facility is arranged in accordance with the operating practices common to all clean rooms, i.e. components and personnel flow progressively from an uncontrolled or 'dirty' environment to one in which the desired level of cleanliness is maintained.
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Figure 401 (Sheet 2)
 Forward Upper Recirculation Air Filters Installation
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 Layout of a Unidirectional Clean Room
 Personnel Cleaning
 Entrance to the clean room is via a change room the purpose of which is to decontaminate personnel without introducing removed contaminant particles into the clean room. A change room is divided into three distinct areas; an uncontrolled or 'dirty' area, a wash-up (semi-contaminated) area and a change (uncontaminated) area. These areas are arranged so that personnel must follow a definite path for entry into the clean room. a) In the uncontrolled area lockers are provided for housing outdoor clothing such as overcoats and raincoats, and also shoe cleaning machines. From the uncontrolled area, entry to the wash-up area is made
 via an air shower compartment, the purpose of which is to remove gross contaminant particles from personnel. The size of the compartment may be large enough to accommodate only one person or a group of persons depending on the number that must enter the clean room in a given length of time. The design of the air shower may vary but, in general, it consists of an air inlet system and an exhaust system operated by independent fans. Air flows through the compartment from air inlet nozzles or louvres mounted in the ceiling or in one wall of the compartment. The entrance and exit doors of the compartment are interlocked so that only one of them can be opened at a time. The closing of the entrance door starts. the fan and, until the cleaning cycle is completed, the exit door remains locked. The cycle may, in some cases, be interrupted by a safety override system in the event of an emergency. Air velocities are sufficiently high to cause 'flapping' of clothing but without discomfort to personnel. b) On leaving the air shower, personnel proceed to the change area via the semi-contaminated area in which washing and toilet facilities are located. These facilities include foot-controlled washstands, liquid-soap dispensing units and heated air hand-drying machines to prevent contamination from towelling. A section of the change area is provided for changing into special clean room garments stored in racks or lockers. The entrance to this section is guarded with a tacky or sticky mat designed to remove residual contaminant particles from the undersurfaces of shoes. Entrance to the clean room after changing is made via another air shower compartment.
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 Parts Cleaning Prior to entry into a clean room, all parts, tools, equipment, and material must also be decontaminated and it is therefore necessary to provide an additional area adjacent to the clean room. The layout of a parts cleaning room depends largely on the types of component and the number of work processes involved. Similarly, the cleaning methods adopted depend on the type of contaminant, the materials used in the manufacture of components, and the level of cleanliness required. In general, the room is equipped with the required number of work tables, specialised equipment, cleaning machines and washing facilities for personnel. a) The transfer of cleaned components to the clean room is effected by means of a 'pass-through' box forming an air lock in the wall dividing the appropriate areas. Boxes are provided with double windows and doors; an interlock system ensures that only one door can be opened at a time. In some clean room facilities a 'pass-through' box may be of the circular type with a single pane so that the box must be rotated through 180 DEG to insert or remove a component. Since the boxes are designed to prevent a direct opening between rooms, a means of verbal communication between relevant personnel must be provided adjacent to the box. This can be an intercommunication system, a voice diaphragm, or a speaking tube.
 Additional Support Rooms Since unidirectional clean rooms require more rigid control to prevent contamination entering, it is usual to make provision for additional support rooms such as offices, lunch rooms, rest rooms, etc. The manufacture of these rooms follows a similar pattern to that of a
 clean room although the air handling system is usually not so elaborate.
 Conventional· Clean Rooms The use of conventional flow clean rooms eliminates the necessity for support areas such as air showers and special changing rooms and, as may be seen from the typical conventional layout illustrated in Figure, increased working area is available and entry procedures are much simpler. The main entrance is situated at the air outlet or 'dirty' end of the room and personnel can pass through this directly from a locker room and change area. Work benches and equipment are disposed so that the cleanest operations are carried out closest to the filter bank forming the end wall, while dirty operations such as soldering, cleaning, etc., are performed toward the outlet end of the room. Parts cleaning and preparation may be performed in a manner similar to that adopted for a unidirectional clean room or carried out in a parts cleaning room situated within the clean room itself.
 Layout of a Typical Conventional Clean Room
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 Manufacture of Clean Rooms The manufacture of clean rooms involves the application of specifically developed building techniques, air-conditioning installation practices and careful selection of manufacture materials. This is normally undertaken by a specialist organization working to the detailed BS 5295 Parts 1, 2 and 3 and the specification of a user organisation. The details given in the following paragraphs are therefore intended as a guide to the factors related to general constructional features.
 Noise and Vibration
 Careful consideration must be given to clean room location in relation to other work areas and the effects of noise and localised ground vibrations. Noise and vibration generated by equipment, machinery, support and administrative areas must also be considered. If vibration insulation devices are to be employed these must not generate or collect dust. Special attention must be given to the framing system of super-structures in order to prevent vibration transmission through ceilings, walls and floors into the main structure. The maximum noise level of the room, work station or clean air device, in an operational but unmanned state should not normally exceed 65 dB
 Floors
 Floors should have long life and be highly resistant to breakdown under the shear forces created when personnel walk across them. Vinyl is particularly suitable for floors since it is tough and resilient. Floors should have a smooth surface which is easy to clean and will not collect dust. The junction between floors and walls should be radiused to facilitate cleaning operations. Joints between floor sections should be tight and sealed.
 Walls Walls should be covered with materials which will produce a smooth, durable surface which does not chip or flake. Stainless steel, vinyl coating, high-gloss paint, melamine decorative laminate, painted hardboard and tiles are some of the materials which are suitable. Window frames, doors and door frames may be manufactured of steel, aluminium or other highly durable material, and should be set flush with the interior of the walls. The use of timber in structural elements is discouraged because it is unstable in areas where there is a change in humidity. The introduction of large volumes of console type equipment can increase the heat load of a clean room and provide possible collection and sources of contamination, Such equipment may be built into a wall thus placing the heat load outside the room and also permitting maintenance of the equipment without the necessity of entering the clean room, Gaskets should be fitted around the equipment to prevent excess loss of room air.
 Ceilings Since ceilings are not subjected to potential impact, they may be surfaced with any material that is easily cleaned and does not produce or collect dust. Ceiling panels should be provided with gaskets and clamped to ensure adequate sealing, allowance being made for subsequent removal and replacement.
 Lighting
 Lighting fixtures of the fluorescent type should be used and of ratings which will provide adequate light intensity at bench level of not less than 3,000 lux. Fixtures may be installed to permit servicing from
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 within the clean room, or supported in tracks above the ceiling so that they can be slid out for servicing without entering the clean room.
 Utilities
 The distribution of utilities such as water, electrical power, vacuum and compressed air supplies must be properly planned to ensure that all required work locations are served without interference with room air distribution and work flow.
 Clean Room Furnishings Furnishings such as work benches, chairs and containers for component parts require careful selection, design and choice of materials for their manufacture. The main structure of work benches and chairs should be of metal and designed in such a way that contaminant particles cannot accumulate. Items that can expect to be bumped, knocked, abraded, etc., by personnel should possess a tough, resilient, low-particle generating surface such as stainless steel, melamine decorative laminate type material, or material of equivalent surface qualities. Clean Room Garments Clean room products can be readily contaminated by particles from clothing and it is therefore necessary to make provision for the wearing of protective garments. These take the form of smocks, overalls, caps and hoods. In addition, 'boottee ' type shoe covers, separate clean room shoes and gloves must also be provided. The extent to which all the garments are used depends on the type of clean room, class of cleanliness to be achieved and the work processes carried out.
 Design The garments are of special design to prevent the transfer of contaminant particles from personnel and at
 the same time to provide the maximum of comfort. The materials from which they are fabricated are usually selected from the range of available man-made fibres which exhibit such properties as non-flammability, limited linting, and negligible electrostatic generation. These materials are available under a variety of trade names. Typical design requirements for clean room garments are given in the following paragraphs.
 Smocks
 Smocks should be of simple design, with no pockets and with as few seams as possible. Seams should leave no open end of material which might become frayed and give off lint or loose strands. In addition, seams should be double-stitched with thread of the same fibre as the garment. Adjustable neck bands and cuffs should be provided in preference to collars and loose sleeves and must provide a snug fit when worn.
 Overalls Overalls should have a full-length zip fastener with flap front and be provided with adjustable neck bands and cuffs. If overalls are to be used with shoe covers, the overalls should fit inside the covers. Overalls to be used with clean room shoes
 Caps These should be of the style worn in hospital operating rooms. They should fit snugly around the head, covering the hair to prevent hair particles and dandruff falling into the clean room area.
 Hoods Hoods should be designed to confine all hair under them to eliminate contamination by hair particles and dandruff, and to fit snugly inside overalls to provide complete coverage of personnel; if beards are permitted, masks must also be provided.
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 NOTE: Garments are usually white although in somecases a sea green colour may be chosen to minimiseglare. As a means of identifying selected personnel,e.g. supervisors or personnel in charge of certain Workprocesses, smocks and overalls may be provided withdistinctively coloured neckbands. Coloured caps mayalso be used as a means of identification.
 • Shoe Covers and ShoesCovers should be worn over normal shoes and shouldbe high enough to hold the legs of overalls. Coversshould have a reinforced sole and be of a type Whichwill prevent personnel from slipping and falling onsmooth floors and, for reasons of durability andeconomy, nylon is recommended as the material. Toprovide proper fit and comfort, and to achieve optimumcleanliness, covers should be provided with snapfasteners, and laces which can be tied around the legsand above the ankles. As an alternative to shoecovers, shoes can be issued to personnel for exclusivewear in the clean room. They should be simplydesigned, comfortable, washable and fabricated frommaterials which will not shed particles due to abrasionand wear.
 Ii: GlovesWhere there is a risk of contamination from contactwith the hands or fingers, gloves or finger stalls mustbe used. Such coverings should be comfortable andshould enable the user to maintain a delicate fingertouch. If the use of plastics is necessary for thetouch Ion of gloves the remainder should be made of amaterial that will allow 'breathing' thus preventingoverheating of the hands.
 • Garment Storage and CleaningWhen not in Use, clean room garments should not beallowed to come into contact with any possible
 For Training Purpose Only
 contaminant. They should alWays be stored onindividual hangers in the lockers provided in changingrooms. Three sets of garments per person shouldnormally be provided: one set in use, one set beingcleaned, and one set in reserve.
 Cleaning of garments is a specialised technique basedon conventional launderinq and dry-cleaningprocesses. Ideally, a laundry should be established asa specialised Unit sUpporting clean room operationsand functioning Under similar conditions ofdecontamination as a clean room. A typical unit isdivided into three distinct areas: soiled garmentreceiving area, washing and dry-cleaning area, and aninspection arid packaging area. Soiled garments areplaced in polythehe bags and transferred to thereceivinq area through an air lock. The garments arethen emptied into specially built tubs and transported tothe Washing and dry-cleaninq area equipped With theappropriate machines. After cleaning and drying, thegarments are transferred to the third area forinspection, sampling of contamination level, andpackaging and sealing in polythene bags.
 Clean WorkStationsThese stations are work benches specifically designed to incorporate theirown filtered air supply system. They may be utilised in a clean room, inaddition to benches or tables based on conventional patterns, or in anuncontrolled environment.
 .. The design of work stations has been developed from benchmounted 'dust-free' cabinets, typical examples of which areillustrated in Figure. Although these cabinets provide lowcontamination levels, depending on the type of filter, the problem ofcontamination while operations are performed inside arises.Contaminants move about in turbulent air and find their way out ofthe cabinet only at random intervals. Another design, commonlyreferred to as a 'qlove box' is also illustrated in Figure. It utilises a
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 recirculating air system and although it produces lowercontamination levels than other forms of cabinet, it has thedisadvantage of requiring an operator to work through arm portsand the attached gloves.Work stations overcome the deficiencies of 'dust-free' cabinets byincorporating an air distribution system which operates on 'principles similar to those employed in a undirectional-f1ow cleanroom. The air distribution system consists of a fan and a pre-filtermounted below the work surface, and an outlet with a superinterception filter, mounted so as to produce either a horizontal flowor a vertical flow over the work surface. Figure illustrates bothairflow techniques as they are applied to a typical console type ofwork station. Glass panels form the sides of the work area which,on account of the undirectional-f1ow technique, is open at the' frontthus permitting unrestricted movement at the work surface.Illumination of the work area is provided by lighting units enclosedin the canopy above the work surface. Individual switches forlighting units and fans are located at convenient points as also arethe controls for the various services required for relevant workprocesses.
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 For Training Purpose Only
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 The selection of a work station best suited to aspecific application involves such factors as typeof airflow, size of work area, space available, anddesign and performance of the air distributionsystem. Units employing horizontal flow aregenerally less costly than vertical flow units forequal size of work area and can usually beprovided with iower overall heights thus makingthem more suitable when vertical space is acritical factor. When work processes require theexhausting of fumes from the work area, or whenrecirculation of the air is required, vertical flowunits provide for these functions more easily thanhorizontal flow units. Horizontal flow units, on theother hand, provide better 'clean-up' of a workarea than vertical flow units of equal size.
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 The most important consideration in selecting a particular size of work station is to ensure that it will provide undirectional-flow over a work area of sufficient width, depth and height to accommodate the component being assembled or tested, and the necessary associated equipment. If several items of equipment must be sited around a component, a vertical flow unit tends to produce less turbulence and moves clean air in the most direct fashion from the filter to the component. The filters are of a type similar to those used in unidirectional clean rooms.
 Clean Room Operation In addition to the air handling system, the contamination level in a clean room is kept at an acceptable level by two other methods, namely limiting the contamination entering the room and limiting the contamination generated within the room. Both these methods are controlled to a large extent by the personnel selected for clean room operations. The contamination entering the room is limited by the wearing of proper garments, personnel cleaning, parts and equipment cleaning, etc. The contamination generated is limited by restricting movement, proper work techniques, etc. It is therefore necessary to establish routines and disciplines related to personnel selection, personal hygiene, entry procedures, and control of working activities. The extent to which certain of these routines and disciplines are applicable depends on the type of clean room; for example, a undirectional-flow clean room requires more rigid control
 of entry and clothing procedures than a conventional clean room due to the air handling system used.
 Personnel Selection The selection of personnel for clean room duties involves consideration of both physical and human factors, including manual dexterity, visual acuity, patience, concern for detail, attitude toward repetitive operations and reaction to the rigid disciplines that accompany confinement in a controlled environment. Certain physiological problems must also be considered and some examples which are detrimental to clean room operations are: allergies to synthetic fabrics; allergies to solvents used in cleaning processes; profuse nasal discharge; skin conditions that result in above normal skin shedding or flaking and dandruff; high amounts of acid found in the hands; severe nervous conditions such as itching, scratching or claustrophobia.
 Personal Hygiene The development of personal hygiene is of great importance in clean room operations, not only to limit contamination of vital components but also to maintain a healthy working environment. Personnel with colds, temporary coughing and sneezing, should be assigned to temporary jobs outside the clean room until they are sufficiently recovered. This also applies to personnel having received severe sunburn, to prevent peeling skin from contaminating a component or the surrounding area.
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 Entry Procedures Clean rooms are necessarily restricted areas and entry must only be allowed to personnel assigned to them. The procedure to be adopted is governed by the type of clean room. Typical activities associated with entry procedures are as follows: a) Removal of outdoor clothing such as overcoats and raincoats and stowage in the lockers provided in the 'dirty' or uncontrolled area. b) Checking clothes and shoes for visible contamination such as mud, dirt, sand, etc. Removal of such ontamination. c) Washing of face and hands using foot-controlled washstands, liquid soap dispensers and air driers. d) Passing through air showers and air locks to ensure adequate air scrubbing. e) Walking over sticky or tacky mats f) Changing into the requisite clean room garments. In connection with unidirectional flow clean room operations, changing is done in the uncontaminated section of the change room adjacent to the clean room. In conventional clean rooms changing is done in an area located at the 'dirty' end of the clean room.
 General Rules for Operation
 The following are general rules which should be enforced to assist in the successful operation of clean rooms.
 Personal Activities
 a) Hands should be washed often and fingernails kept clean. b) The specified clothing should always be worn in the approved manner. c) Personal items such as keys, coins, cigarettes, matches, pencils, handkerchiefs and combs should be deposited in lockers prior to changing into clean room garments. Valuable items such as wallets may be carried into a clean room in jacket or trouser pockets provided they are not removed inside the clean room. d) Foodstuff should not be taken into a clean room. e) Smoking is strictly forbidden. f) The wearing of jewellery such as large rings, bracelets, watches, necklaces, earrings, lockets, etc., should be avoided. g) Nervous mannerisms such as scratching the head, rubbing of hands or similar actions should be avoided. h) Movement of personnel should be restricted as much as possible to prevent stirring settled particles on the clean room floor. This applies particularly to conventional clean rooms. i) Solvent contact with hands should be avoided as many solvents remove natural skin oils causing excessive skin peeling' or flaking. j Female personnel should not wear or apply fingernail polish or cosmetics in a clean room. k) Visitors or clean room maintenance personnel must be authorised to enter a clean
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 room and must follow the specified entry procedures. Work Activities
 a All tools including personal tool kits should be kept clean and in good condition and should undergo cleaning processes in accordance with a periodic cleaning schedule. Tools not essential to specific work processes should be excluded from tool kits. b) Paper materials should not be allowed in a clean room unless the paper is plastic-coated or covered, sprayed to prevent linting or is a special Iimited-linting paper. Papers should not be subjected to excessive shuffling, handling, rolling or bending as they can generate excessive amounts of small particles under these conditions.
 c) Pencils and erasers are not allowed. All writing should be with ball-point pens. d) Parts of components should be kept in their individual containers until ready for assembly. They should not be left exposed on a work bench or station. e) Containers and any component parts surplus to requirements should always be returned to a parts cleaning area for cleaning and re-issue. f Metal objects such as wire clippings and solder splashes should be deposited in waste boxes at the end of each process. g) Where cleaning of parts is to be carried out inside a clean room, the type of cleaning equipment and its location within the room should be carefully selected.
 Maintenance of Clean Rooms In order to maintain clean rooms to the necessary standards, good housekeeping practices and monitoring of the air handling system are of prime importance. The frequency of cleaning is usually determined by taking into account the change in contamination level that can occur due to the cleaning operation, and the number of air changes per hour. Monitoring of the air handling system should be carried out at the time a clean room is put into initial operation and at regular periods thereafter, when filters have been changed, and when it is evident that down-grading of its operating level is taking place (see Table 3).
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 Cleaning
 Rooms should be cleaned when no work processes are being performed. Minor dry floor and bench vacuuming can be done, if necessary, during normal room operation if the equipment and procedures used ensure a minimum of disturbance to settled particles.
 Cellulose mops and sponges can be used with water which meets specific particle-count requirements. High-grade plastics buckets which are not subject to flaking should be used. If ladders are required, they should preferably be of the anodized aluminium type. The use of detergents should be restricted to those which produce the minimum amount of residue after drying. For vacuum cleaning, a central vacuum cleaning system or a specially designed portable vacuum cleaner should be employed.
 Cleaning apparatus and utensils are prevalent sources of contamination and their movement in and out of clean rooms should be carefully scheduled. They should be thoroughly cleaned and vacuumed prior to their entry.
 The responsibility for cleaning work benches or stations should be delegated to personnel assigned to the benches to prevent improper handling of components and equipment by room maintenance personnel.
 Inspection, maintenance and testing of air handling system components should be carried out in accordance with the relevant maintenance instructions, at periods determined by the type of clean room operations, and when downgrading of the contamination level begins to occur.
 Monitoring of Clean Rooms Monitoring refers to the procedures adopted for checking the factors influencing clean room environment. Such factors are the level of contamination, temperature, humidity and pressure. The exact requirements for monitoring and methods to be employed depend on the type of clean room and classification of cleanliness level, and are therefore determined on an individual basis (see Table 3).
 Contamination Monitoring This is the most difficult monitoring problem of clean room operation owing to the variations in contamination level throughout a room and also to the many factors which must be considered in selecting a specific monitoring technique. Some of the factors
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 causing variations in contamination level are: filtered air entering a room at one or more locations; contamination being generated in various amounts throughout a room; contaminated air exhausted from a room at one or more locations. The highest level of contamination is not necessarily at the air exhaust locations, since air from a highly contaminated area may be diluted with filtered air prior to its being exhausted. Higher and lower levels of contamination can thus readily exist within a given room. The areas of most concern are those immediately surrounding the component on which work processes are to be carried out. a) The locations within a clean room at which sampling of the air is to be taken should be carefully considered in order to obtain a representative contamination level. Samples should be taken at identical times or as near as possible, since contamination levels of areas vary at different periods. b) Various techniques may be applied to contamination monitoring and some of those most widely accepted, together with details of principles, are listed in BS 5295 Parts 1, 2 and 3.
 Humidity Monitoring This may be achieved by the use of conventional wet and dry bulb thermometers and psychrometric charts. The thermometers may be supplemented, if necessary, by automatic recording devices. Humidity can become troublesome if it is allowed to reach a level where static charges are generated by personnel or where corrosion may be a problem. In general, a humidity level of not less than 40% is desired. For those components where humidity tolerance is critical, special control measures should be employed.
 Pressure Monitoring
 A clean room should always be slightly pressurised and it is therefore necessary to monitor the pressure difference between the room and its outside surroundings. Monitoring may be achieved by a simple U-tube manometer, or a differential pressure gauge calibrated in mm water gauge.
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 Horizontal Laminar Flow Bench
 Laminar flow workstations provide dust- and particle-free work areas for sensitive testing and assembly. They are recommended for any Class 100 requirement that does not produce byproducts that can contaminate the worker or production area. The workstations are offered in both horizontal and vertical flow versions
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 ELECTROSTATIC DISCHARGE SENSITIVE (ESDS) DEVICES AND RFI
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 ANTISTATIC PROTECTION INTRODUCTION Certain semi-conductor devices are susceptible to damage from electrostatic charges, and are at risk in any environment where they may come into contact with such charges. The prime risk during maintenance activities is the static charge held on personnel and tools, whilst in storage the risk is from the charge held on personnel and non-conductive packaging materials.
 The metal oxide semi-conductor (MOS) and
 complementary MOS(CMOS) family of devices is most prone to damage from static electricity. Bi-polar devices which are also susceptible to this type of damage include, but are not limited to, Operational Amplifiers, Emitter-coupled Logic (ECL) devices, and Transistor-transistor Logic (TTL) devices. In addition, there is evidence to show that thick and thin film resistors, multi-metal-layer hybrid substrates, discrete transistors and diodes, Field Effect Transistors (FET) and Schottky TTL devices also suffer damage from electrostatic discharges.
 MOS DEVICE CONSTRUCTION In an electronic circuit, a MOS device functions as a voltage-controlled resistor in which the MOS equivalent resistance between the drain and source is varied by a voltage applied to the gate electrode (see Figure). Physically, the gate electrode is a thin layer of metal deposited on a very thin layer of silicon dioxide (Si02 -glass)), typically 1000 to 1400 Angstroms thick. This
 layer of glass effectively insulates the gate electrode from the substrate, in essence, forming a capacitor, the plates of which are the gate electrode and substrate with the dielectric being the layer of glass between the gate electrode and substrate.
 The dielectric strength of glass is approximately 101 V/cm which means that a voltage in the range of 100 to 140V can cause a rupturing of the glass, which would result in catastrophic damage to the device, usually as the result of a short circuit of the gate (electrode) to the source, drain or substrate. To avoid damage from over-voltage, manufacturers of MOS/CMOS devices usually
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 incorporate protective circuitry on the gate electrode input pins (usually some type of resistor-diode network) so designed as to provide an alternative path for transient voltage such as electrostatic discharges. It is not the voltage discharge to ground but the potential difference between the pins on the device which causes the damage. With the elimination of such potential difference the damaging effects of an electrostatic discharge can be prevented. For an unprotected MOS device the resistance at the
 input pins is approximately 1014 ohms. Using this figure it can be calculated that a current of approximately 10-12 ampere (lOpA) can generate a 100V potential which can rupture the layer of glass and destroy the device. Since all protective devices require the addition of some P-region, the resistance can normally be reduced to approximately 1010 ohms. Although the effectiveness of the protective circuitry varies, most provide protection from human body electrostatic discharges only up to several hundred volts. Thus, such circuits can provide only limited protection against electrostatic discharges, which, in uncontrolled areas, can be measured in thousands of volts.
 Figure gives a schematic representation of a typical protected MOS device, as indicated by the presence of a built-in Zener diode. The source, gate and drain electrodes are the equivalent of the emitter, base and collector electrodes of the MOS device. (the substrate lead of the device is normally connected to the source lead). In most cases, the Zener diode which protects the MOS device conducts
 at approximately 50 V. However, selection of a value for the substrate resistance can present a problem to the manufacturer as this resistance value must be great enough to limit current flow to prevent destruction of the Zener diode, but must not be so high that the sum of the voltage drop across the Zener-resistance combination exceeds the breakthrough voltage of the glass layer.
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 What is ESD? Electrostatic discharge is a spark - an extremely rapid equalization of charge between two conductive surfaces. This spark is a flow of current that makes heat and light. It has the same characteristics of "lightning" only on a smaller scale. ESD is a surface phenomenon. It is a rapid redistribution of charges between two dissimilarly charged surfaces. Most of us can relate to ESD as that small shock we feel when we walk across a carpet, reach for the doorknob, and draw the spark. The doorknob does not mind the spark, even though you may find it unpleasant. However, the circuit card you just reached for may receive enough voltage to instantly and permanently destroy integrated circuits and microprocessors. Or worse, generate latent failures that will not show up until the unit is back on the aircraft. (Just being near the spark can be harmful - the corona and the fields alone can raise havoc with circuits and systems!). The ESD event you felt with the doorknob is somewhere between 1000/ 2,000V and 40,OOOV. The level of sensation for humans is about 3,000V to 4,000V. Some devices on the airplane are damaged with as little as 20V. This is well below the level of sensation. How Does ESD Occur? Static electricity is an electric charge that is not moving. Conductors and insulators are required for ESD to occur. A build-up of static electricity is required for ESD to occur. Dry insulator surfaces are rubbed together- or a foot wearing a rubber-soled shoe steps on carpeting -
 and a static charge is generated on the carpet and the sole of the shoe. This is triboelectric charging. The charge on the shoe induces a charge on the conductive surface of the skin of the wearer. The sweat-layer of the human being wearing the shoe is a conductive surface. And the instant a charge is induced on the foot of the wearer of the shoe, the charge is distributed over the skin of the person and that person's body is at the same potential. Walking across a carpet can induce potentials as high as 35,000 volts on an individual. Electrostatic discharge occurs when two conductive surfaces first meet or pass very close to each other. A spark occurs if the two conductors are at different potentials. A human hand can be at 35,000V and an IC can be on a grounded antistatic mat. This spark results in a rapid equalization of charge between the two conductive surfaces. If one of the conductive surfaces is an IC, the spark also causes damage due to the fine geometries used in the ICs of today. Only conductors can discharge fast enough for the small amount of energy involved in the spark to produce the high temperatures required to damage semiconductors. The spark occurs in less than 100 ns. The failure mechanisms vary from avalanche breakdown of the device, dielectric failure, or metallization melt. And often the failure is not observable. It is a latent failure - something waiting to happen at the worst possible time- not in the test facility, but on the aircraft!. Triboelectric charging results from bringing two different materials into intimate contact and then
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A corona is a process by which a current, perhaps sustained, develops from an electrode with a high potential in a neutral fluid, usually air, by ionizing that fluid so as to create a plasma around the electrode. The ions generated eventually pass charge to nearby areas of lower potential, or recombine to form neutral gas molecules.
 When the potential gradient is large enough at a point in the fluid, the fluid at that point ionizes and it becomes conductive. If a charged object has a sharp point, the air around that point will be at a much higher gradient than elsewhere. Air near the electrode can become ionized (partially conductive), while regions more distant do not. When the air near the point becomes conductive, it has the effect of increasing the apparent size of the conductor. Since the new conductive region is less sharp, the ionization may not extend past this local region. Outside of this region of ionization and conductivity, the charged particles slowly find their way to an oppositely charged object and are neutralized.
 If the geometry and gradient are such that the ionized region continues to grow instead of stopping at a certain radius, a completely conductive path may be formed, resulting in a momentary spark, or a continuous arc.
 Corona discharge usually involves two asymmetric electrodes; one highly curved (such as the tip of a needle, or a small diameter wire) and one of low curvature (such as a plate, or the ground). The high curvature ensures a high potential gradient around one electrode, for the generation of a plasma.
 Coronas may be positive or negative. This is determined by the polarity of the voltage on the highly-curved electrode. If the curved electrode is positive with respect to the flat electrode we say we have a positive corona, if negative we say we have a negative corona. (See below for more details.) The physics of positive and negative coronas are strikingly different. This asymmetry is a result of the great difference in mass between electrons and positively charged ions, with only the electron having the ability to undergo a significant degree of ionising inelastic collision at common temperatures and pressures.
 An important reason for considering coronas is the production of ozone around conductors undergoing corona processes. A negative corona generates much more ozone than the corresponding positive corona.
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A spark is triggered when the electric field strength exceeds approximately 4–30 kV/cm[2] — the dielectric field strength of air. This may cause a very rapid increase in the number of free electrons and ions in the air, temporarily causing the air to abruptly become an electrical conductor in a process called dielectric breakdown.
 Lightning over Rymań. Northern Poland.
 Perhaps the best known example of a natural spark is a lightning strike. In this case the potential difference between a cloud and ground, or between two clouds, is typically hundreds of millions of volts. The resulting current that flows through the ionized air causes an explosive release of energy. On a much smaller scale, sparks can form in air during electrostatic discharges from charged objects that are charged to as little as 380 V (Paschen's law).
 Earth's atmosphere consists of 21% oxygen (O2) and 78% nitrogen (N2). During an electrostatic discharge, the intervening atmosphere become electrically overstressed. The diatomic oxygen molecules are split, and then recombine to form ozone (O3), which is unstable, or reacts with metals and organic matter. If the electrical stress is high enough, nitrogen oxides (NOx) can form. Both products are toxic to animals, and nitrogen oxides are essential for nitrogen fixation. Ozone attacks all organic matter by ozonolysis and is used in water purification.
 The Hindenburg, moments after catching fire.
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Sparks can cause serious explosions because of the high temperatures reached in a spark. Methane and coal dust explosions have been caused by electrostatic discharges. The Hindenburg disaster has been attributed to spark discharge igniting flammable panels tainted with thermite, which burned vigorously, violently, and extremely swiftly, which ultimately led to the ignition of hydrogen gas held in or leaking from the airship at the time[citation
 needed]. The ship had just passed through a thunderstorm and so probably picked up a large charge. Discharge occurred when mooring ropes were dropped as it came in to land in New Jersey in 1937[citation needed].
 An electric arc is an electrical breakdown of a gas which produces an ongoing plasma discharge, resulting from a current flowing through normally nonconductive media such as air. A synonym is arc discharge. The phenomenon was first described by Vasily V. Petrov, a Russian scientist who discovered it in 1802. An archaic term is voltaic arc as used in the phrase "voltaic arc lamp".
 An electric arc is a continuous discharge, while a similar electric spark discharge is momentary. An electric arc may occur either in Direct current circuits or in alternating current circuits. In the latter case, the arc may re‐strike on each half cycle of the current. An electric arc differs from a glow discharge in that the current density is quite high, and the voltage drop within the arc is low; at the cathode the current density may be as high as one megaampere per square centimeter.[1]
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 separating them. The result is a (+) charge on the surface higher up in the tniboelectnic series, and. an equal (-) charge on the surface lower in the series.
 The human body can carry up to 40 kilovolts in extreme cases, The only reason it is not higher is that corona discharge self-limits the voltage to this level by bleeding off the charge. Your body capacitance cannot drop below 30 to 40 pF no matter what happens. NOTE:
 Calculating V=(Q/C) for a 150 pF person charged with 3 microcoulombs gives a voltage of 20,000 volts. Charging currents range between hundreds of picoamperes and a few microamperes, and the total charge ranges from 0.1 to 5 microcoulombs. The human body really acts as a capacitor. As we walk across a carpet or just move our arms or legs, we charge up to some potential. The energy that destroyed the IC was W = (1/2) CV2
 . For 150 pF and 15 kV, which are reasonable mid-range values, W equals less than 20 millijoules. Most electronic devices cannot take even a fraction of that amount.
  nv.rajan
 Line
 
  nv.rajan
 Line
 
  nv.rajan
 Line
 
  nv.rajan
 Line
 
  nv.rajan
 Line
 
  nv.rajan
 Line
 
  nv.rajan
 Line
 
  nv.rajan
 Line
 
  nv.rajan
 Text Box
 cap is not < 30 to 40 pf
 

Page 70
                        

AVIONICS WORKSHOP PRACTICES
 For Training Purpose Only Page 65
 Here is a Summary of How it All Happens: • CHARGE with nanoamperes, a • Capacitance of picofarads, with a • Charge of microcoulombs, to a • Voltage of kilovolts.
 • Then take a tender IC, and • DISCHARGE with tens of amperes, a • Rise time of pico or nanoseconds. • Wasting thousands of dollars. The figure shows how a charge can be redistributed by an induced field. If a MOS device is inserted in an electric field, an induced electric field can exist within the oxide layer since it is an insulator and has no free electrons to move and neutralize the field from the gate. When this induced field exceeds the breakdown strength of the oxide, it will rupture and result in either breakdown or degradation. It is not necessary for the charge on "A" to transfer to the device for this breakdown to occur. Breakdown strength of silicon dioxide is approximately 10 million volts/centimeter, which means that is takes ten million volts to "punch" through "one centimeter". But, if one considers that modern devices have oxide layers of only 250 angstroms, a potential difference of only 25 volts could cause breakdown. Since a human being cannot sense ESD below 4,000 volts and, since the rise time of ESD is one thousand of three thousand volts per nano second, it is obvious that modern devices cannot be protected by input circuitry, but only by conductive or Faraday shielding. While a direct discharge is more likely to be the method of destruction for individual components, the uninstalled printed circuit board – rather than the component - is more susceptible to the induced discharge generated from the intensity of the voltage field surrounding a charged object or person. The short leads in an individual component do not act as an excellent antenna by which
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 an induced static field can be received. For example, consider that the statically charged person shown in figure is approaching a workbench and his body is surrounded by an electric field represented by the dotted lines. If he is charged to 5,000 volts, the innermost dotted line might represent a shell of 4,000 volts, the next might represent a "shell of 3,000 volts, and so on. A voltage-sensitive device or especially a voltage-sensitive uninstalled circuit board, may very well be damaged by exposure to the extreme high-field intensity represented by the crowding of the lines between the individual's hand at 5,000 volts and the bench top. Secondary problem is the charged-body aspect of this high-field Intensity, whereby a board or component is charged from an electrostatic field and then maintains the charge until it has the opportunity to either discharge to a grounded object or to induce a change in another body by coming into close proximity with it. Consider a person carrying a microcircuit device. With every step, that person generates an increasing charge on his body and on the device, his feet generating a charge by making and breaking contact with the floor, act much like the brushes on a generator. When he then sets the device down on a conductive surface, the stored charge will discharge to the potential of the surface upon which it is placed. The discharge creates a direct discharge path and can cause current damage to the device. This failure mechanism is now considered to be one of the more significant failure mechanisms for submicron channel-length devices.
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 Myths about ESD • Higher humidity will solve the handling problem. FACT: Increasing the humidity will only help. It would be more correct to say that low humidity will aggravate existing ESD problems. • Components are safe from ESD when they are installed on printed wiring boards (PWBs). FACT: Surprisingly, they can be at least as much at risk (note 1). PWB handling can easily discharge containers and/or people through the boards; in production, in test, and during maintenance. • If an electronics assembly passes final test, it means the components on it were handled properly. FACT: Nothing of the sort (note 2). Look at the field failure history of the units, including intermittent failures, for one to two years after shipment. • The ESD issue can be resolved with the correct hardware and equipment (note 3.) FACT: ESD is a "people" problem; and the present combination of unbelievers and latent device failure mechanisms represents a tremendous challenge to the avionics industry, It is a challenge that has to be met. NOTE: 1. Assembly of an ESD sensitive device into a higher level assembly does not render it insensitive. Because of their greater capacitance, PWBs can store much more charge than the device itself. In some cases the device is more vulnerable to ESD damage when it is installed on a PWB. The circuit paths can act as antennas and intensify the
 device’s potential to damage when the PWB is exposed to an electrostatic field. NOTE: 2. Latent failures do exist and they are the worst type of failure because you never know when the device will decide to fail. Up to 90% of ESD-damaged devices may be "soft" failures latent failures generated by a fraction of the ESD level required for obvious, immediate destruction. These latent failures have increased leakage and reduced switching characteristics. They generate ghost bits, bit dropouts, and therefore, computer checksum and CRC failures, particularly at high memory-sampling speeds. Unfortunately, due to a lack of understanding and good failure analysis techniques, a lot of ESD-caused failures are not blamed on ESD. NOTE: 3. Adding ESD protection as a part of lightning and switching transient protection will help, but there needs to be a good, low-inductance ground for the charge to go. Shielding helps keep ESD outside the unit, but there are still ESD-remnants that get by the protection and reach the protected circuitry. Protection helps, but it is not a cure. How is ESD Prevented? All the procedures and practices designed to prevent ESD damage to electronic parts have one goal: KEEP THE TWO CONDUCTORS AT THE SAME POTENTIAL WHEN THEY MEET. If the two conductors are at the same potential when they meet, there will be no ESD - no spark and no ESD-
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 induced damage. If conductors are at different potentials, static dissipative materials slowly equalize the charge on the conductors so that an ESD spark will not occur when the two conductors touch. SUMMARY
 • ESD is a spark. • Rubbing insulators together and separating them results in a static charge on the two surfaces.
 • Static charge induces a charge on a conductive surface. • When two conductive surfaces of different potentials
 come near.or touch, a spark is generated. • ICs can be damaged by ESD. Antistatic devices and procedures try to slowly equalize the charge of two conductors before they meet to prevent ESD.
 • Humidification 40-50% Relative Humidity is the optimum range. Getting too high can cause other problems, including corrosion.
 • Antistats Periodically sprayed or painted, they can make difficult conditions 'livable' until improvements can be made.
 • Electromagnetic Wavefront Protection What Can the Maintenance Shop do to Help Reduce ESD Component Failures? The most desirable method of winning against the effects of ESD is to prevent charges from accumulating in the first place. Simply stated, if there are no charges, then there can be no discharges. Here are some areas to consider for reducing the accumulation of static charge:
 • Floors: Rough is better than polished; if carpeted, use
 anti-static varieties. If plastic mats are used to protect carpets from desk-chair wheels, use antistatic materials instead of acrylic or vinyl.
 • Footwear: Leather soles are preferable, plastic and rubber are the worst.
 • Clothing: Cotton is best, wool fair, synthetics poor. GENERAL HANDLING PROCEDURES FOR ALL SEMI-CONDU.CTORS 1t is not possible to lay down a degree of electrostatic protection which would cover all types of semi-conductor. However, there is a strong consensus of opinion that a significant reduction of dangers related to electrostatic charges can be achieved by making personnel aware of possible electrostatic generators and improved general handling techniques; such as: (a) Not removing or replacing line replaceable units with electrical power applied. (b) Not unnecessarily touching the connectors, leads or edge connectors, etc., of printed circuit boards containing such devices. (c) By using conductive packaging, shorting plugs, bands or wire when provided or prescribed in the relevant aircraft or equipment Maintenance Manual. (d) By paying particular attention to stores procedures to ensure that protective packaging is not removed during any goods-inwards inspection. ELECTROSTATIC-FREE WORK STATION
 General: If, by the nature and volume of work, it is considered necessary to set up an electrostatic-
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 free work station, guidance may be obtained from the following paragraphs which set out the various options which are open.
 Humidity: A factor which needs to be considered when working with electrostatic-sensitive devices is the humidity of the working environment. The air in a very low humidity environment is dry and has-a very high resistance, such air will not discharge the static electricity as quickly as a moist air. Therefore, the working environment for an electrostatic-free work station should ideally have a relative humidity of between 30 and 50%.
 Working Environment: There are two basic methods of achieving a safe working environment in which to handle electrostatic-sensitive devices. One is dependent upon the provision of a conductive work surface, which, together with the operator and tools in use, is bonded electrically to a common ground. The other makes use of the conductive properties of an ionised atmosphere to dissipate static electrical charges.
 Conductive Work Surface Technique (a) The work surface of a bench is covered with a sheet of conductive material, e.g. plastics, or mat which is secured to the bench to prevent it from moving. The floor area in front of the bench is also covered with conductive material and electrically bonded to the work surface by means of a bonding strap. To be effective, the bonding strap should have a resistance of approximately 2000 to 4000 ohms per linear foot, and should be as short as possible. A further bonding strap is used to link a
 wrist strap, worn by the operator, to the work surface, and this should have a resistance of 200 k ohms to 1M ohms. To complete the system the work surface is connected to a suitable ground point. In addition the work seat may be covered with a conductive seat cover. NOTE: Under no circumstances should the work surface of a static-free work station be connected to the electrical power supply ground circuit of the building.
 (b) The main disadvantage of the conductive
 work surface is its conductivity. As each element of the system is bonded to a common ground to which the operator is connected via a wrist strap, immediately the operator is in direct contact with the work surface, which normally has a surface resistivity of approximately 3000 ohms, the wrist strap resistance is rendered ineffective.
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 • Recommended Handling Procedures for ESD
 Components (SHOP) The procedures and guidelines to make sure
 of the proper handling of ESDS components and assemblies during disassembly, repair, assembly, test setup, fault isolation, and preparation for shipment or storage are outlined in the following paragraphs. All CCAs contained in most LRUs are ESDS. Do not remove conductive dust caps unless required for disassembly, assembly, repair, or test.
 For purpose of this appendix, once an ESDS
 subassembly has been installed into the LRU
 (conductive enclosure) with external connectors capped with conductive dust caps it shall be considered protected from electrostatic discharge.
 • Dielectric strength or insulation resistance tests: These types of tests are not recommended for equipment containing ESDS components or assemblies.
 Continuity Checks Certain metal-oxide semiconductor (MOS) devices have built-in protective diodes, which cannot sustain more than a 10-mA current. Do not attempt to perform continuity checks of these diodes.
 • Clothing Wearing apparel of personnel working on ESDS assemblies shall not include smocks, shoes, gloves, or finger cots made of plastic, rubber, or nylon. Cotton or 2 percent stainless steel wearing apparel is preferred over any synthetic material.
 • Smocks Personnel handling ESDS sensitive components or assemblies shall wear a smock with a surface resistivity of 1012 0hms/sq foot maximum when measured according to American Society for Testing Materials (ASTM) test method 0257, or equivalent. Personnel shall not put on or remove a smock in the area where unpackaged ESDS devices are present.
 • Wrist straps and grounded work stations ESDS devices shall be handled by personnel wearing a grounded wrist strap and working at a grounded work station. When mobility is required, conductive heel straps or conductive footwear shall be used in
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 conjunction with conductive flooring or conductive floor mats.
 • Procedures Observe the following procedures when replacing a CCA containing ESDS components: • Power down the test setup configuration in
 accordance with the ATLAS procedure or automatic test.
 When removing a CCA, grasp the assembly by the printed circuit board edges only, taking care not to touch any circuit paths or component leads.
 • Remove the replacement CCA from the packing materials.
 • When installing a CCA, grasp the CCA by the edges only, taking care not to touch any circuit paths or component leads.
 • Each ESDS CCA shall be covered, wrapped, bagged, or stored in approved racks whenever it is not being tested or worked on. Material used shall have a maximum surface resistivity of 10120hms/sq cm when measured according to ASTM test method 0257, 0991 or better. Wrap in a manner that prevents any part of the CCA from puncturing the protective material.
 • Packaging When CCA containing ESDS components are shipped or stored, the CCA shall be packed so that external leads are electrically connected to each other through a maximum resistivity of 1012 ohms/sq cm when measured according to ASTM test method 0257, or equivalent or better. • ESDS Labels CCA containing ESDS components shall be shipped and stored in containers marked or tagged with a legend of an attention attracting color easily readable at a distance of 3 feet. The label will contain the following information:
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 • Wrapping CCA containing ESDS components shall be wrapped in material with a maximum surface resistivity of 1050hms/sq cm if packing material has surface resistivity of greater than 10 12 ohms/sq cm in packing. Measurement shall be according to test method ASTM-0257-75BO-C, or equivalent. • Brushes Only natural bristle brushes shall be used. Acid brushes shall not be used. Minimum Standards for Equipment
 Soldering irons, soldering pots, or flow soldering equipment shall be transformer-isolated from the power line and grounded. Resistance reading from the tip of a soldering iron to ground shall be less than 0.20 as measured on the R x 1 scale of a Simpson Model 260 meter, or equivalent. Low voltage (less than 15 V) soldering equipment need not be grounded if the isolation transformer contains a ground electrostatic shield between its primary and secondary windings. Other electronic equipment or tools which come into contact with ESDS components or assemblies shall be grounded (200.0 or less) when measured on the R x 10 scale of a Simpson Model 260 meter, or equivalent.
 Grounding When handling unprotected ESDS components and assemblies, personnel shall be grounded in accordance with the following: A wrist strap is worn in direct contact with the bare skin, never over clothing. The grounding wire of the strap shall be connected to the bench top. WARN1NG: PERSONNEL SHALL NEVER BE ATTACHED DIRECTLY TO A HARD GROUND. THERE SHALL ALWAYS BE LEAST 200K Ω TO 5 M Ω SERIES RESISTANCE BETWEEN THE PERSON AND GROUND. FAILURE TO ADHERE COULD RESULT IN SERIOUS INJURY TO PERSONNEL • Chairs or stools that could contact personnel, equipment, or tools where ESDS components or assemblies are handled or tested shall have a surface resistivity of 105 ohms/sq cm or less (as measured according to test method ASTM-D257-75BD-C, or equivalent) and shall be grounded through a 250,000 minimum to 10 M ohms maximum resistance when measured on the R x 1000 scale of a Simpson Model 260 meter, or equivalent. The test station shall be properly grounded before
 any handling or testing of ESDS components or assemblies is performed.
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 Grounding arrangement
 Wrist Strap
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 An Ionizer Can Cancel Electric Charges
 While we cannot eliminate all charges in a work area, most problems with static buildup on conductors can be minimized. The first steps in ESD control are fairly well defined. Personnel can be grounded by the proper use of wrist and heel straps and antistatic outer clothing. Work-surfaces can be protected by dissipative tabletops and mats. Conductive floors help, too. And materials and devices can be transported in protective containers.
 However, none of these procedures can dissipate static charges on insulators or on isolated conductors. Many of the materials used in a typical work area, such as plastic, quartz, ceramics, glass, and silicon, are good insulators and can become charged to very high potentials, sometimes greater than 20,000 V.
 You can’t neutralize the charges on these insulators by grounding them because there is no electrical path for a ground connection. The only practical way to cancel them is to lower the resistance of air, the common element in a repair area, so that it will dissipate the charges.
 Typically, air in an electronics manufacturing area is not very conductive. It has a relatively small number of ions and a resistivity far too low to neutralize a static buildup. But if we can artificially increase the number of ions in the work area, it is possible to reduce the resistivity of the air by as much as 10,000:1. Static charges on insulators can be cancelled very effectively by this technique.
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 What Is an Ion? An ion is an invisible molecule of air that has gained an electron to become negatively charged or lost one to become positively charged. A low concentration of natural ions is present in normal outdoor air, some formed by the decay of nature’s radioactive elements. Energy transfer in weather phenomena such as lightning and wind increases the count.
 It would help if these natural ions were in the air around each workstation. However, we are not so fortunate. Most are stripped out when air is filtered, dehumidified, and conditioned in the typical industrial environment.
 Generating More Ions
 You can increase the number of ions in your production area by generating millions of them with an ionizer and forcing them to the locations where the threats exist. Some of the unwanted charges on those insulators are positive and some are negative, so your ionizer must generate both positive and negative ions to overcome the buildup. Positively charged objects will repel the positive ions in the air but will attract and be neutralized by the negative ions and vice versa.
 Electrical Ionizers
 The most widely used ionizers are electrical, and most use the phenomenon called corona discharge to generate ions. In this technique, a high voltage is applied across sharp points.
 In the AC ionizer, voltage is applied across several closely spaced emitter points which cycle at the power-line frequency. Positive half-cycles produce positive ions, and negative half-cycles put out negative ions. This ionizer must have a high level of air flow to blow ions away from the emitter points. This unit is used most often in air guns and bench-top units.
 The steady-state DC ionization technique uses separate emitter points for positive and negative ion generation. This equipment will work with either low or high airflow.
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 Anti-static Workstation
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 RADIO FREQUENCY INTERFERENCE (RFI) WHAT IS RADIO FREQUENCY INTERFERENCE (RFI)? "RFI" is classified as the undesirable electromagnetic energy in the range of frequencies, which are generally utilised for radio transmission. These may cause equipment malfunction either from interference on the power line or high frequency radiated electromagnetic fields. The range of frequencies involved is from 10kHz to 30MHz for conducted interference and from 30MHz upwards for radiated interference and as a result video reception may be affected as well as radio. RADIO INTERFERENCE SOURCES The origin of RFI is always a rapid change in current or voltage. This sinusoidal distortion leads to rectangular or similar waveforms with harmonics along the whole frequency spectrum. There are two main sources of "RFI" 1) Unintentional RFI. This is a secondary effect of rapid variation of current or voltage in equipment as in a Switched Mode Power Supply (mechanical, electrical, electro-mechanical switches). 2) Intentional radio signals (i.e. scientific and medical apparatus).
 HOW THE RFI SOURCES ARE SUB-DIVIDED It is possible to distinguish two main groups of sources of interference by looking at the spectrum of emitted frequencies In turn, these equipments may themselves be affected by RFI (electromagnetic susceptibility).
  nv.rajan
 Highlight
 
  nv.rajan
 Highlight
 
  nv.rajan
 Highlight
 
  nv.rajan
 Highlight
 
  nv.rajan
 Highlight
 
  nv.rajan
 Line
 
  nv.rajan
 Line
 
  nv.rajan
 Line
 

Page 84
                        

COMPOSITION OF A WAVE (SQUARE AND SAW – TOOTH WAVES)
 Any periodic wave (one that repeats itself in definite time intervals) is composed of sine waves of different frequencies and amplitudes, added together. The
 sine wave which has the same frequency as the complex periodic wave is called the fundamental. The fundamental corresponds to the first harmonic.
 The frequencies higher than the fundamental are called harmonics, provided; The harmonics are always a whole number of times higher than the
 fundamental, and are designated by this integer (whole number). For example, the frequency twice as high as the fundamental is the second harmonic.
 Figure shows odd harmonics with the fundamental frequency of the waves combine to become square wave
 Similarly, fundamental, and odd and even harmonics combine to become saw-tooth waveSimilarly, fundamental, and odd and even harmonics combine to become saw tooth wave
 A SAWTOOTH WAVE is Made up ofA SAWTOOTH WAVE is Made up of Different Harmonics, Both Odd and Even
 480
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 PROPAGATION OF RFI RFI propagation takes place in two ways: 1) by conduction (along the mains cable, generally for Frequencies up to 30MHz). 2) by radiation (direct transmission, capacitive coupling, inductive coupling: generally for frequencies higher than 30MHz). The interference current, which moves towards the affected equipment, along one side of the mains line and returns along the other to the source of the interference, is called differential or symmetric mode interference. The interference current, which flows towards the apparatus from both the line cables and returns to the source of interference via the earth cable, is called common or asymmetric mode interference. The coupling of the equipment to the ground may be realized by the ground cable or through the stray capacitance (Cp) present in the same equipment generating or affected by the interference. Capacitively coupled Radio-Interference decreases particularly at low and medium frequencies. is = differential mode interference current (symmetrical) ia = common mode interference current (asymmetrical) Cp = stray capacitance The propagation by radiation depends mainly on the physical size of the generator and the circuitry. Proper screening and correct grounding can reduce its intensity. In particular if an equipment's mains cable is longer or equal to λ/4 (where λ is the wavelength of the
 interference waveform), then stationary waves are generated along the cable which acts as a radiating antenna.
 ELECTROMAGNETIC COMPATIBILITY The avionics and other electronic equipment must fulfill the following requirements to be in compliance with the new regulations: a) Limited emission of EMI b) Adequate level of intrinsic immunity against EMI (The concept of immunity is as important as emission). Methods for evaluating the test results, emission limits, and immunity levels are quoted on the European Standards EN issued by CENELEC. Restriction on free
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 circulation at EC level will be applied if equipment is found not to be in compliance. Measurement of Conducted Interference Testing should be performed using: l) a screened room, that allows measurement with the minimum amount of background noise. 2) a stabilisation network of the power line impedance, simulating the average conditions of the network impedance. (LISN - Line Impedance Stabilisation Network) 3) a receiver or spectrum analyser for measuring interference voltages (values in dB/μV). 4) an interference simulator.
 EMC CONCEPT
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 What is a RFI Power Line filter? A RFI Power Line filter is one of the most important devices for controlling and suppressing unwanted, conducted RFI. It is used, by the designer of electronic equipment both to avoid outgoing interference getting onto the mains (when the equipment acts as an interference source) and to protect the equipment itself from incoming conducted RFI. The RFI Power Line filter is a multiple-port network of passive components arranged as a dual low-pass filter. One network controls differential mode noise, the other attenuates common mode noise. By restricting outgoing conducted RFI, the filter also assists in reducing radiated emissions. Being a low pass filter, it allows power current into the equipment unimpeded but attenuates RF energies (generally above 10kHz). The filter is positioned at the mains input to the equipment for the best effect. What are the main components in a RFI Power Line filter? A filter is essentially a "LC" network which creates an
 "impedance mismatch" at high frequencies causing incoming unwanted frequencies to be reflected back to the AC power network. Likewise, if the equipment itself is generating noise (e.g. S.M.P.S.) some filters are designed to present a high impedance to the equipment and so control outgoing interference. Knowledge of the input impedance of the equipment may be useful information during the initial search for a filter range suitable for an application. However, since impedance varies with frequency a number of possible filters may have to be evaluated and their "in circuit" performance measured.
 Normally L1 and L2 have relatively high inductance values (up to 40mH) giving a high common mode impedance (series inductance) and this produces an impedance mismatch with the low common-mode impedance of the power line. L1 and L2 are wound on a single toroidal core with the two windings having the
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 same number of turns and wound so that with a normal differential mode operating current the resulting magnetic fluxes in the toroid compensate each other. This avoids saturation of the core itself. When considering common mode (asymmetric) interference, the two fluxes add together without causing core saturation.This high inductive impedance mainly works at low frequencies. Y class capacitors (Cy) are used between phase (or neutral) and earth to work at high frequencies. The Y class capacitors cannot have very high values because of limits set by national regulatory bodies with regard to
 equipment leakage current. The X class capacitors (Cx) are connected between phases and neutral, producing attenuation to differential (symmetric) interference. Here the stray inductances of L1 and L2 also have an additive effect. In some of the more sophisticated filters, non-compensated single chokes are used to improve the attenuation in the differential mode (L3 and L4) and in the common mode (L3, L4 and L5). Resistor (R) is used in order to discharge Cx capacitors, and also to withstand large voltage spikes with fast rise times, over-voltage suppressor components like varistors or gas filled surge arrestors can be incorporated inside the filters.
 SCREENED ROOM and ELECTROMAGNETIC COMPATIBILITY
 SCREENED ROOMS FOR RAD10 MAINTENANCE INTRODUCTION The purpose of screened rooms, or "cages" as they are more often called, is to prevent undue radiation of radio frequency signals from equipment operated inside the room, since such radiation may be unlawful, and may cause interference to radio users in the locality. In addition, the screening is an attenuator of interfering signals and noise from outside the region, and thus provides an interference-free region for delicate adjustment and measurements.
 ATTENUATION The degree of attenuation obtained is usually referred to as "Insertion Loss" and is measured in decibels (db). NOTE: The term "decibel" is used here to express a voltage ratio and is not a reference to any particular level of voltage. An insertion loss of 60dB gives a voltage reduction equivalent to a ratio of 1,000:I. This is usually adequate for the suppression of radiation from within the cage, und for the calibration or equipment having sensitivity of the order generally encountered in aircraft radio, even in localities or high "man-made" interference.
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 The portion of the radio frequency spectrum over which the attenuation is usually required is between 10 kHz and 400 MHz, For a one-man cage of 6 feet 6 inches cube, a direct measurements can be made below 150 MHz using suitable field strength meters, or by receivers similar to the type under test, Above this frequency measurement becomes more difficult, since the screened room will resonate as a cavity resonator. The resonant frequency will depend on the size of the room, its contents and the space between the inner and outer screens. To determine such resonances it would be necessary to sweep the entire band instead of relying on spot checks. With large cages the resonance frequency may be as low as 10 to15 MHz, and more careful testing will be necessary. Figure shows the insertion loss expected of a typical double-screened room. The internal measurements of which are in the form of a 6 feet 6 inches cube. This is a suitable size for most overhaul organisations. The figures given relate to an empty room in which power supplies, heating and compressed air pipes have not been installed.
 GRAPH OF INSERTION LOSS IN A DOUBLE·SCREENED ROOM SITING CONSIDERATIONS The site of the screened room may have to be related to the position of a previously erected radio workshop, but in any case the factors outlined in the following paragraphs should be borne in mind. The efficiency of the room will be reduced if it is
 situated in a region of high "man-made" static. The screened room should not be positioned
 adjacent to spark-plug testing equipment, battery-charging petrol-electric equipment, or an electrical overhaul shop, since these are all sources of interference.
 Main trunking for telephone wires or power cables is a source of interference, and should be avoided if possible.
 The use of fluorescent tube lighting in the vicinity of the room is undesirable.
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 The room should, where possible, be on the ground floor and adjacent to an outer wall so that the earth strip bonding the screened room to the main earth is as short as possible.
 EARTHING For earthing purposes a copper mat or plate should be sunk into the earth to a depth which will ensure consistent damping; a typical earthing arrangement is shown in the next. Care should be taken to use a material for the earth
 strip that will not create a potential of more than 0·25 V with the material to which it is joined. If the connections are made by welding or soldering, they should be thoroughly cleaned to remove all traces of flux residue, and should then be covered completely with a sealing compound or other insulating covering.
 In well-drained locations, it is recommended that a pipe be sunk over the earth meant to permit occasional flooding of the mat.
 In instances where an outside wall position is not available, an earth mat should be positioned under the floor of the main building or, alternatively, the room may be connected to earthing spikes.
 Care must be taken to ensure that both screens are bonded together at the same point. Suitable methods are welding, soldering or by bolting to the plates welded to the screen, The bonding of the screens at one point may cause some difficulty in aligning the earth strip with the mains input point.
 Bonding points should be provided in the room at bench height for the connection of equipment earth contacts or cases,
 CONSTRUCTION OF SCREENED ROOM In theory, single-walled screened room constructed of copper or aluminium sheet is suitable, and would meet most requirements, But in practice there are a number of factors which may make its use undesirable, e.g., the possibility of the occupant suffering from claustrophobia, the necessity of individual heating and lighting, the installation of an extractor fan, and the fact that communication with the occupant would be difficult. In view of the above, the use of a double-walled room constructed of well-seasoned timber, using wooden
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 dowels instead of nails or screws where possible, and having screens manufactured of close-mesh copper, expanded aluminium or galvanised expanded steel, is recommended. The mixing of these various materials is not recommended, since any electrolytic action between them will cause noise. In such a structure, the inner and outer screens should be spaced 3 inches apart. The room should he raised from the floor of the main building by wooden beams, or other insulating material, and all screened joints should be bonded by welding or soldering for preference although clamping is quite satisfactory if sufficient care is taken. If steel staples are to attach the screen material to the frame, it should be ensured that the staples are galvanized, or any rusting that may cause noise. DOORS Special care should be taken when fitting doors of screened rooms, as good fit at all points is essential for good attenuation. Hinged doors may be employed, and they should consist of 3 inch deep wooden frame, covered on both sides with screening material, and bonded to the walls of the room by any suitable method, e.g, by using the hinge as one bond, and spring copper or bronze draught excluder strip as the remaining bond, Sliding doors are generally found to be more convenient.
 Method of Bonding Door
 SERVICES The electrical power supply normally required inside n screened room consists of 230/115 VAC single-phase supply, heavy duty 28 VDC supply and 115 VAC 400Hz supply. Services, such as compressed air, water and gas heating may be required, but their installation present no major problems provided that they are installed at the
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 main earth point and are securely bonded to both screens. All power supplies fed into the cage should be filtered by interference suppressors.
 RADIO INTERFERENCE SUPPRESSION The efficiency of the room, as a suppressor of radio noise depends to a very large extent on the efficiency of the suppressors or filters which must be connected to all electrical supplies at their point of entry into the room, The by-passing of the interference voltage is achieved by providing a low impedance path to earth, the magnitude or the impedance being dependent on the frequency. The ratio of output noise volts/input noise current is known its "Transfer Impedance". Practical two-terminal foil capacitors have appreciable self-inductance, and standard suppressors utilize a series of capacitors in conjunction with an inductor to cover the frequency range specified. These suppressors are designed to cover the medium and high frequency range, and must be used in conjunction with a very high frequency suppressor, using co-axial type capacitors. Figure indicates the standard method of filtering a single-phase mains supply into a screened room with proprietary suppressors, Three-phase 400 Hz supplies and D.C. supplies can he treated similarly, having regard to supply current requirements. Co-axial type capacitors simplify suppressor design and suppressors which give good transfer impedance
 characteristics between 150 kHz to 150 MHz can be made locally.
 Co-axial Type Suppressor Capacitors
 All supplies to the screened room should be fed through separate two or three-element filters. Capacitors may have a current carrying capacity of 60 Amperes. For higher capacity, two capacitors may be connected in parallel and strapped at each end by copper straps to avoid heating of the capacitor ends. Filter boxes should be made of metal which will not give excessive contact potential with the cage screening material and the seams of the box must be welded. The capacitor mounting screens should be bonded to the main structure of the box, The box length is dependent on the size of
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 the capacitors and of the inductor, and on the distance between. the inner and outer screens of the room.
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 OVERVIEW OF AN AVIONICS/INSTRUMENTS WORKSHOP
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 EXAMPLES OF UNITS AND SYSTEMS MAINTAINED BY AVIONICS WORKSHOP
 AVIONICS COMPONENTS:
 AUTOPILOT FLIGHT DIRECTOR AIRBORNE WEATHER RADAR ACARS COMMUNICATION SYSTEM -- HF, VHF, FLIGHT/SERVICE/CABIN INTERPHONE, PASSEMGER
 ADDRESS, AND SATCOM COCKPIT VOICE RECORDER ELECTRONIC ENGINE CONTROL ELECTRONIC DISPLAY UNIT (CRT / LCD) INERTIAL REFERENCE SYTEM NAVIGATION SYSTEM -- ADF, GPS, VOR, ILS, RADIO ALTIMETER, DME, ATC, TCAS, GPWS, FMS,
 ACMS, AIMS(777), EFIS, EICAS AND ECAM, CMC (747-400 & 777), CMS(AIRBUS), & ACESS/CMS(BOEING)
 PASSENGER ENTERTAINMENT SYSTEM (PES)
 INSTRUMENTS:
 AIR DATA INSTRUMENTS – ALTIMETER, AIRSPEED INDICATOR, MACHMETER, VERTICAL SPEED INDICATOR, TRUE AIRSPEED INDICATOR, TOTAL AIR TEMPERATURE INDICATOR AND STATIC AIR TEMPERATURE INDICATOR
 ENGINE INSTRUMENTS – EGT, RPM, EPR, OIL QUANTITY/PRESSURE/TEMPERATURE, FUEL FLOW AND FUEL PRESSURE INDICATOR
 FLIGHT RECORDEER GYRO INSTRUMENTS INERTIAL NAVIGATION UNIT
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 FDR LASER GYRO
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 INS CONTROL PANEL
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 WORKSHOP TOOLS AND TEST EQUIPMENT
 Workshop Practices Despite the enormous advances in the mechanisation and computerisation of the engineering industry in general, there remains the requirement for a high degree of hand skills on the part of technicians who are engaged in the day-to-day maintenance of aircraft and their associated components.
 While the majority of aerospace components are manufactured under stringent standards, in factory (and laboratory) conditions, it is necessary to remove many items of equipment for cleaning, inspection, overhaul and, if needed, repair and testing before they are, subsequently, re-installed in their appointed locations.
 These actions may entail the use of many specialist tools and materials, which are used while following written procedures, while it is quite possible that some, comparatively simple, repairs may call upon such basic hand skills as the cutting, filing, drilling, riveting and painting of metals or other materials. The tools and testers are generally recommended by the component manufacturer.
 No matter whether there are specialist or basic skills required, all will demand a certain quality of the work practices (and of the work-force) involved.
 Care of Tools
 Engineers are responsible for the maintenance of their personal tools, whilst other personnel, in designated Tool Stores, must care for all the different, specialist tools for which they have the responsibility. It is also the responsibility of engineers to ensure that any tools, or other items of equipment they use, are not left in associated components.
 The care required for different tools can vary. Ordinary hand tools may merely require racking or locating within sturdy tool boxes, with careful, daily, maintenance restricted to little more than a visual check.
 Precision instruments however, require great care both in storage and in use. They may need to be kept in special, soft-lined, boxes within other storage facilities. Prior to use they should have a ‘zero’ check or calibration. Some tools require that they have a light coating of machine oil, to prevent the onset of corrosion.
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 Each tool (whether it be a hammer or a micrometer), will require some special care, to ensure its optimum performance for, without this care, even the most expensive tools very quickly become second rate and useless.
 SHADOW BOARD FOR TOOLS
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 Control of Tools Control of tools is important to good engineering practices and is also vital to flight safety. A variety of systems can be used to control tools but, whichever system is used, it must allow a 100% check of the tools in use before it can be considered as acceptable.
 One form of control is the ‘shadow board’ and ‘tool tag’ system, Each tool is positioned over its silhouette, on the tool board. Technicians are issued with identification tokens (numbered ‘tags’) which are exchanged for the tool and, usually, a tag is hung above the silhouette, to be reclaimed, in exchange for the tool, when it is returned to the board. The shadow board/tool tag system works equally well when the tools are held within a designated Tool Store arrangement.
 In workshops and bays it is normal for a toolkit to be held by the department in addition to its engineers holding personal sets of tools. The tools held by the department are often referred to as ‘special tools’, meaning that they are only for maintenance work on the items being serviced in that workshop
 Tool Calibration
 Requirements within the relevant airworthiness codes prescribe that where necessary, tools, equipment and, in particular, test equipment are all calibrated to acceptable standards.
 This topic provides an overall picture of the types of requirements and tests required in establishing and maintaining an effective calibration system. It takes into account factors such as the degree of accuracy required, frequency of use and the reliability of the equipment.
 The key factor is the need to establish confidence in the accuracy of the equipment when it is required for use. The required calibration frequency for any particular piece of test equipment is that which will ensure it is in compliance with the standards applicable to its intended use. In all cases,
 All measuring equipment must be regularly calibrated
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 Standards used are attributed upon the need for ultimate traceability to one of the following:
 • The standard specified by the equipment manufacturer/design organisation • The appropriate National/International Standards.
 The appropriate standards are used to achieve consistency between measurements made in different locations, possibly using alternate measuring techniques. The calibration of test equipment is best achieved by the operation of a methodical system of control.
 This system should be traceable by an unbroken chain of comparisons, through measurement standards of successively better accuracy up to the appropriate standard. Where recommendations for calibration standards are not published, or where they are not specified, calibration should be carried out, in the UK, in accordance with British Standard EN 30012-1: Quality Assurance Requirements for Measuring Equipment.
 As an alternative to operating an internal Measurement and Calibration System, an Approved Organisation or an Approved/Licensed Engineer may enter into a sub-contracting arrangement to use an Appliance Calibration Service. This arrangement does not absolve the contractors of the service from maintaining standards as if they were carrying out the work themselves.
 In all instances, it is the responsibility of the user to be satisfied that the unbroken traceability chain is in place. External organizations which supply an external Calibration Service.
 • Standards may be one of the following types: • Private Standards are used only by the organization that developed them • Open source Standards are made available for anyone to use and adapt. An example is computer software that
 is freely available on the Internet, and which provides the original source code so advanced users can modify it. • Formal Standards are produced through a Standards organisation for national, European or international use, for
 example: • National Standards, e.g. British Standards (suffix BS) are produced by a country's National Standards Body
 (NSB). In the UK, British Standards are developed together with the UK government, businesses and society. Some are enforced by regulation, but most Standards are voluntary.
 • Publicly Available Standards (PAS) can be, for example, a Standard produced by a trade association that may be used by any organization. Under the PAS scheme, BSI helps organizations to draft best-practice methodologies for products or processes.
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 • European Standards (suffix EN) are produced by CEN, the European Committee for Standardization, whose members are the national Standards bodies of the European Union countries.
 • International Standards (suffix ISO) are produced by ISO, the International Organization for Standardization, whose members are the national Standards bodies of countries all over the world.
 SAFETY PRECAUTIONS IN WORKSHOP
 Safety Precautions - General
 Personal safety starts with being appropriately dressed for the work being undertaken, combined with the correct use of eye and ear protection whenever necessary.
 Technicians should only operate equipment with which they are familiar and which they can operate safely. Hand tools should be kept in good working order.
 Good ‘housekeeping’ in workshops, hangars, and on flight line ramps is essential to safe and efficient maintenance
 Pedestrian and fire lanes should be clearly marked and NEVER obstructed. They should always be used to keep non-technical personnel clear from the work area.
 Any spillage of oils, greases and fuels should be immediately covered with absorbent material and cleaned up, to prevent fire or injury. Spillage should be prevented, from running into floor drains.
 It is very important, that all personnel know the location of the fixed points where fire-fighting equipment and First Aid treatment are available. They must also be aware of the types of emergency that can occur in the workplace (whether in the workshop, hangar or on the ramp), and of the procedures to be followed in any emergency.
 Accidents in the workplace are one of the leading causes of death and. One reason for this is that after working at a job for a period of time, many people become complacent and do not give workplace safety the attention it requires. Make workplace safety one of your primary job duties.
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 Safety Around Machine Tools Many kinds of high-speed cutting tools are commonly found in aviation maintenance shops and can be dangerous
 if misused. However. these tools pose little threat when used for their intended purpose and reasonable safety precautions are observed. For example, do not use any machine tools with which you are not familiar, or any tool whose safety features you are unfamiliar with. The guards and safety covers found on many tools have been put there to protect the operator. Some of these guards may appear to interfere with the operation of the equipment. However, they must never be removed or disabled. The slight inconvenience they cause is more than compensated for by the added safety they provide.
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 The use of eye protection cannot be overstressed. Chips coming off metalworking tools can easily penetrate deeply into your eves. In addition, if someone working near you is using compressed air, a blast of air can easily pick up dirt or dust and spray into your face. To prevent eye injuries, always wear eye protection when using power tools. or when you must enter areas where they are being used.
 .
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 FIRE SAFETY Aviation maintenance shops harbor ail of the
 requirements for fires, so fire prevention is a vital concern. All combustible materials should be stored in proper containers in areas where spontaneous combustion cannot occur. Since dope and paint solvents are so volatile. they should he stored in a cool, Ventilated area outside of the shop.
 THE FIRE TRIANGLE
 Fire results from the chemical reaction that occurs when oxygen combines rapidly with fuel to produce heat, (and light). Three essentials of this process form the ‘Fire Triangle’.
 CLASSIFICATION OF FIRES
 Class A: SOLIDS such as paper, wood, plastic etc Class B: FLAMMABLE LIQUIDS such as paraffin,
 petrol, oil etc Class C: FLAMMABLE GASES such as propane,
 butane, methane etc Class D: METALS such as aluminium,
 magnesium, titanium etc Class E: Fires involving ELECTRICAL
 APPARATUS Class F: Cooking OIL & FAT etc
 Fire Extinguisher Identification and Uses
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 POWER AND AIR SUPPLIES IN WORKSHOP
 Every aircraft maintenance shop uses electrical power for day to day activities. While electricity performs many useful functions, you must remember that it can injure or kill if mishandled. Therefore, it is the responsibility of everyone that uses electrical power to be aware of the safety procedures regarding it.
 The human body conducts electricity. Furthermore, electrical current passing through the body disrupts the nervous system and causes burns at the entry and exit points. Common 220/240-volt, AC house current is particularly dangerous because it affects nerves in such a way that a person holding a current-carrying wire is unable to release it. Since water conducts electricity, you must avoid handling electrical equipment while standing on a wet surface or wearing wet shoes. The water provides a path to ground and heightens the possibility of electric shock.
 To understand how common hand tools can create an electrical hazard, consider a typical electric drill that has an AC motor inside a metal housing. One wire is connected to the power terminal of the motor, and the other terminal connects to ground through a white wire. There are only two wires in the cord. If the power lead becomes shorted to the housing, the return current flows to ground through the operator’s body. However, if the drill motor is wired with a three-conductor cord, return current flows through the third (green) wire to ground. To minimize the risk of shock, make sure that ail electrical equipment are connected with three-wire extension cords of adequate capacity. Furthermore, do not use cords that are frayed, or that have any of the wires exposed, and be sure to replace any plugs that are cracked.
 The human body conducts electricity. Furthermore, electrical current, passing through the body, disrupts the nervous system and causes burns at the entry and exit points. The current, used in domestic 220-240 volt, 50Hz AC electricity, is particularly dangerous because it affects nerves in such a way that a person, holding a current-carrying conductor, is unable to release it. Table 1.2 shows some typical harmful values and effects of both AC and DC electricity supplies.
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 Harmful Values of Electricity
 Since water also conducts electricity, great care must be taken to avoid handling electrical equipment of all kinds when standing on a wet surface or when wearing wet shoes. The water provides a path to earth and heightens the possibility of electric shock. To ensure that equipment is safe, the minimum requirement is through the use of three-core cable (which includes an earth lead) and, possibly, a safety cut-out device. In conjunction, more often than not, with ignorance or carelessness, electrical hazards generally arise due to one or more of the following factors:
 • Inadequate or non-existent earthing • Worn or damaged wiring, insulation, plugs, sockets and other installations • Bad wiring systems and the misuse of good systems • Incorrect use of fuses • Inadequate inspection and maintenance of power tools and equipment
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 All electrical equipment must be regularly checked and tested for correct operation and electrical safety. To show that this has been done, a dated label should be attached, showing when the equipment was last tested and when the next inspection is due.
 Any new item of equipment must have a test label attached. The presence of a test label does not, however, absolve the user from checking the equipment for any external signs of damage, such as a frayed power cord (or missing safety devices) before use.
 In the event of a person witnessing another person receiving an electric shock, the basic actions, to be followed by the witness, are:
 Shout for help and ensure there is no danger of also becoming a victim
 • Switch off the electrical current or remove the victim from the supply by means of insulated material • If the victim has ceased breathing, initiate resuscitation • Call for professional medical help • If the victim is suffering from burns, exclude air from wounds • Treat for shock by keeping the victim warm
 The approved methods of artificial resuscitation must, by law, be displayed on wall charts in workplaces.
 High-Pressure Gases
 Compressed gases are frequently used in the maintenance and servicing of aircraft. The use of compressed gases requires a special set of safety measures. The following rules apply for the use of compressed gases:
 • Cylinders of compressed gas must be handled in the same way as any high-energy (and therefore potentially explosive) sources
 • Eye protection must always be worn when handling compressed gases • Never use a cylinder that cannot be positively identified • When storing or moving a cylinder, have the cap securely in place to protect the valve stem • When large cylinders are moved, ensure that they are securely attached to the correct trolley or vehicle
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 • Use the appropriate regulator on each gas cylinder • Never direct high-pressure gases at a person • Do not use compressed gas or compressed air to blow away dust and dirt, as the resulting flying particles are
 dangerous • Release compressed gas slowly. The rapid release of a compressed gas will cause an unsecured gas hose to
 whip about and even build up a static charge, which could ignite a combustible gas • Keep gas cylinders clean. Oil or grease on an oxygen cylinder can cause spontaneous combustion and
 explosions
 Be sure the protective cap is screwed on a cylinder containing high-pressure gas to prevent damage to the valve when the cylinder is not connected into a system.
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 Weather Radar Operation
 The heating and radiation effects of weather radar can be hazardous to life. Personnel should remain a safe distance from the radar if it is in operation. There are published figures and charts in the maintenance manual of each aircraft, showing the safe distances for personnel, depending on the power of the radar in use.
 As an example, the aerial in the nose of the aircraft should have an unobstructed ‘view’ of something like 30 metres, with the aerial tilted upwards. There should also be a barrier erected about 3 metres or so from the nose of the aircraft, to prevent personnel getting too close. Finally, there should be no fuelling/defuelling operations in progress during the testing of weather radar.
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 AN OVERVIEW OF SKILLS REQUIRED OF PERSONNEL
 knowledge • Interpret schematic diagrams and standard electronic terminology. • Analyze and troubleshoot passive DC and AC circuits. • Analyze and measure circuit characteristics such as input impedance, output
 impedance, frequency response, voltage and power gain for active and passive configurations.
 • Troubleshoot operational amplifier circuits, differential amplifiers, oscillators, power supplies and power amplifiers.
 • Analyze and troubleshoot combinational and sequential logic circuits. • Operate test equipment including multimeters, oscilloscopes, signal and pulse
 generators, frequency counters and distortion meters. • Use and interpret catalogue and data book specifications to identify exact or
 substitute replacement components. • Understanding the functions of mechanical items in instruments
 Fabrication • Interpret schematic diagrams for proper printed circuit-board layout. • Prepare PC boards to remove and install components. • Properly use hand and power tools on the PC boards and sheet metal assemblies. • Practise correct soldering, desoldering and circuit board repair procedures. • Fabricate and install wiring harnesses and assemblies required for avionics test
 equipment. • Complete approved modifications of avionics equipment.
 Instruments, Communication and navigation systems
 • Operate avionics navigation and communications test equipment in the performance of shop repair and on-board systems checks.
 • Operate test equipment including communication monitors, spectrum analyzers, RF power meters, time domain reflectometers, VSWR meters and sweep generators.
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 • Complete performance and alignment checks on common communications systems, such as VHF AM and FM, HF SSB and audio distribution systems.
 • Use proper test equipment to align AM and FM transceivers. • Complete performance and alignment checks on common navigation systems,
 such as ADF, VOR, ILS, MLS, DME, ATC Transponder, Radio Alt. and RADAR. • Use air data tester and be familiar with the corrections required. • Locate and replace defective components using logical troubleshooting
 techniques. • Interpret schematic diagrams and service manuals for troubleshooting, alignment
 and repair of avionics systems. • Interpret antenna systems specifications and radiating properties. • Use of testers to test IRS/INS components, Electronic Display Units, various
 avionics components installed on aircraft, and ATE.
 About Automated Test Equipment
 Automated test equipment (ATE) is computer controlled test and measurement equipment, arranged in such a way as to be able to test a unit with minimal human interaction. The advantage of this kind of tests is that they are repeatable and cost efficient in high volume. The chief disadvantages are the upfront costs; programming and setup.
 Automated test equipment can test components, printed circuit boards, and interconnections and verifications. Test types for components include logic, memory, linear or mixed signal, passive components and active components. Logic test systems are designed for handling the testing of microprocessors, gate arrays, ASICs and other logic devices. Memory testers are automated test equipment for the testing of SDRAM, DDR-SDRAM SIMMs and DIMMs. Linear or mixed signal equipment is used for the testing of components such as analog-to-digital converters (ADCs), digital-to-analog converters (DACs), comparators, track-and-hold amplifiers and video products. These components incorporate features such as, audio interfaces, signal processing functions and high-speed transceivers. Passive component: ATEs test passive components including capacitors, resistors, inductors etc. Typically testing is done by the application of a test current. Discrete automated test equipment tests active components including transistors, diodes, MOSFETs, Regulators, Triacs, Zeners, SCRs, and JFETs.
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 Printed circuit board testers include manufacturing defect analyzers, in-circuit testers, and functional analyzers. Manufacturing defect analyzers (MDAs) detect manufacturing defects, such as shorts and missing components, but they can't test digital ICs as they test with the UUT (unit under test) powered down (cold). As a result, they assume the ICs are good. MDAs are also referred to as analog circuit testers. In-circuit analyzers test components that are part of a board assembly. The components under test are "in a circuit." The UUT is powered up (hot). They are also referred to as digital circuit testers. A functional test simulates an operating environment and tests a board against its functional specification. They may also be referred to as emulators.
 Test types for interconnection and verification include cable and harness testers and bare-board testers. Cable and harness testers are used to detect opens (missing connections), shorts (open connections) and miswires (wrong pins) on cable harnesses, distribution panels, wiring looms, flexible circuits and membrane switch panels with commonly used connector configurations. Other tests performed by automated test equipment include resistance and hipot tests. Bare board automated test equipment is used to detect the completeness of a PCB circuit before assembly and wave solder.
 Configurations for automated test equipment include bed-of-nails (BON), flying probe, and optical. In a bed-of-nails configuration each circuit net on the board is connected to the tester, typically with one nail per net. BONs typically require a vacuum or air source. The flying probe system uses a low number of moving probes rather than the high number of fixed probes in the BON. Test times may be slower due to probe movements, but the method has compensating benefits. In practice, a flying probe can provide close to 100% test coverage on a board with thousands of nets of passive components and hundreds of digital devices. Optical inspection methods include scanning probe microscopes to reveal surface defects. Optical inspections do not need test fixtures and requires no electrical sources or measurements. Common features for automated test equipment include boundary-scan capabilities, temperature control, and support of STDF, Standard Test Data Format
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 UnivATE™ is a Universal ATE capable of testing many electronic components on virtually every aircraft by Airbus, Boeing, Bombardier, Embraer, Fokker, Lockheed, and others. The UnivATE's advanced hardware design used with interface adapters provides the most versatile, yet economical avionics testing solution in the industry.
 The IRIS 2000 is a modular general purpose Automated Test Equipment (ATE) station, capable of testing a wide variety of avionics Line Replaceable Units (LRU's). Aeroflex continually monitors the state of the art in ATE systems and incorporates the latest enhancements, such as our ATE Management System & THOR Test Executive, to ensure a modern system with a long useful operational life. The base configuration of the IRIS 2000 can perform testing of ARINC 500 and ARINC 700 series of the VHF Omni Range (VOR), Instrument Landing System (ILS), VHF Communications Transceivers (COMM), Distance Measuring Equipment (DME), and ATC Transponder Units. Other types of Avionics such as High Frequency Transceivers (HF), Automatic Direction Finders (ADF), Flight Management Computers (FMC), Flight Control Computers (FCC), Digital Stall Warning Computers (DSWC), Auto Slat Computers, Ground Proximity Warning Computers (GPWC), Radio Altimeters, Mode S Transponders, TCAS Computers, Air Data Computers, Controls, and Instruments may also be tested. Some of these other type of avionics require optional expansion hardware or software. The basic configuration of this station consists of two or three equipment towers containing measurement and stimulus
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 resources. Two wing cabinets provide additional work surface area, storage space for cables and accessories and additional room for additional measurement and stimulus resources. The equipment layout gives easy and convenient access to all equipment during use as well as for maintenance. In addition, space is available for specific LRU hardware expansions and future expansions.
 IRIS 2000 ATE
 PITOT-STATIC SYSTEM There is no specific test for pitot systems as there is for static systems other than the normal inspections of the entire aircraft. If a problem is reported or suspected with a pitot system, there is a general leak test procedure in AC 43.13-1A, as well as some general guidelines for pitot-stattc system maintenance. The procedure for leak testing the pitot system is: Apply pressure to the pitot tube to cause the airspeed indicator to show 150 knots. Seal off or 1 minute and the maximum loss of indicated airspeed should not exceed 10 knots.
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 PRECAUTIONS IN TESTING PITOT-STATIC SYSTEM 1. Perform all maintenance and inspections before leak testing. 2. Use a system diagram. 3. Check the test unit for leaks before beginning the test. 4. Run full range tests only if you are thoroughly familiar with both the aircraft and the test equipment. 5. Pressure in the pitot system must always be equal to or greater than the pressure in the static system. 6. The rate of change of pressure during testing should not exceed the limits for any installed instrument. 7. After testing make sure that the system is returned to flying condition, such as removing tape from ports and drain holes. There is an FAR that concerns the altimeter setting which is set by the pilot in the Kollsman window.
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 METERS AND MEASURING INSTRUMENTS
 INTRODUCTION: The Meters are analog or digital types, each with its own applications. A multimeter with AC and DC volt,ampere and ohm scales is tool commonly used in Avionics workshop. Megaohmmeter, Bonding Tester, Hi-pot Tester,Oscilloscope, VSWR meter and Time Domain Reflectometer augment the capability of the shop. For some applications analogis better, since indications are steadier. Digital types react too quickly, causing digits to change wildly under standard test conditions. An accuracy of less than 5 % is usually sufficient for most tests. The faces should be large enough to read easily with illumination, if used in dim areas. Most generally available analog meters are based on DC ammeter movements in the micro to milliamp range. External circuitry (resistors, rectifiers) determines their usage. With modified scale numbers, they can be setup for a wide range of voltages or currents. AC meters usually have a modified rectifier bridge to convert to DC required by the meter movement.
 Moving Coil Meter Essential Parts
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 OHM’S LAW Definition In mathematical problems, EMF is expressed in volts, and the symbol E is used to indicate the EMF until the actual number of volts is determined. R is the symbol for resistance in ohms, and I is the symbol for current, or amperage. The letter I may be said to represent the intensity of current. The letter symbols E, R, and I have an exact relationship in electricity given by Ohm's law. This law maybe stated as follows: The currrent in an electric circuit is directly proportional to the EMF (voltage) and inversely proportional to the resistance. Ohm's law is further expressed by the statement; 1 Volt causes 1 Ampere to flow through a resistance of 1 ohm. The equation for Ohm's law is then I = E / R This indicates that current in a circuit is directly proportional to the source voltage and is inversely proportional to the resistance in the circuit. The meters are based on this law for measurements of current, voltage and resistance.
 The different forms for the Ohm's law equation are derived by either multiplication or division.
 OHM’s law diagram
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 Operation of the Moving-Coil DC Meter (D’Arsonval Movement/Galvanometer) as a Current Meter Although the moving-coil DC meter is used to measure voltage and resistance, as well as current, it is basically a current-operated device. The current in the moving coil develops the magnetic field that reacts with the stationary magnetic field of the permanent magnet (produces rotary motion of the coil) and moves the meter pointer across the scale of the instrument. The direction of rotation of the coil is from the strengthened portion to the weakened portion of the resultant magnetic field. Depending on the particular design of a current meter, a certain maximum current in the coil causes maximum turning force, or full-scale deflection. Exceeding the maximum current rating "slams" the pointer off scale against the end stop. For example, passing 2 amperes through a 0.5 ampere (500 milliamperes) meter movement can easily damage the meter by burning out the Coil or by bending the thin pointer. Less than full-scale current flowing in the coil produces a proportionately reduced deflection. Thus, 50 mllljamperes of current flowing through a 100- milliampere full-scale meter causes half-scale deflection.
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 MOVEMENT SPECIFICATIONS All moving coil meters have a rated current for FSD (Full Scale Deflection), and this parameter is of primary importance. The FSD current determines how much load the meter will place on any drive circuitry, or for a voltmeter, how much current it will draw from the voltage source. This may or may not be important, depending on application. Most commonly available meters are readily available with a sensitivity of between 50uA and 1mA FSD. More sensitive meters are available, but the cost goes up with increasing sensitivity. All meter movements have resistance, because the coil uses many turns of fine wire. The resistance varies from perhaps 200 ohms or so (1mA movement) up to around 3.5k for a 50uA movement. These figures can vary quite widely though, depending on the exact technique used by the manufacturer. Normally, moving coil meter movements are suitable for DC only. Some (such as VU meters for audio) have an internal rectifier so that AC may be measured, but accuracy is generally rather poor, especially with low voltages. Some movements have a mirrored scale, where a band of highly polished metal is just behind the scale itself. This is used to eliminate parallax errors as you read the meter, and can improve reading accuracy dramatically
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 INTERNAL RESISTANCE AND SENSITIVITY Every meter coil has a certain amount of DC resistance. The amount of resistance depends upon the number of turns on the coil .and the size of the wire used to wind the coil. The strength of the magnetic field about a coil increases as the number of turns on the coil increases. Therefore, if more windings are placed on a meter coil, a small current can create a magnetic field strong enough to cause the coil to deflect full scale. The amount of current necessary to cause the meter pointer to deflect full scale is the meter sensitivity; it is an important characteristic of any meter. Typical current meter sensitivities vary from about 5 microampere, (0.000005 amperes) to about 10 mllliamperes (0.010 amperes). Some common values are 5, 50, and 100 microamperes; and 1, and 10 milliamperes. You have probably recognized that the sensitivity of a meter movement is the ninimum current that the movement can measure.
 METER ACCURACY The accuracy of a meter is specified as the percentage of error at full-scale deflection. For example, if the specified accuracy of a 100 milliampere meter is specified as ±2 percent, not only might the meter be off by ±2 milliamperes at a 100-milliampere reading, but it might be off by as much as ±2 milliamperes for any reading below full-scale deflection. Therefore; the accuracy of a meter becomes progressively poorer as the pointer moves farther and farther from full-scale deflection towards zero. For example, at a
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 meter reading of 50 milliamperes, the meter, since it could still be off by ±2 milliamperes, is only really accurate to ±4 percent. At a meter reading of 10 milliamperes, the meter could still be off by ±2 milliamperes, which is a true reading accuracy of ±20 percent. ZERO ADJUSTMENT In the meter the springs that control the rotation of the meter pointer are oppositely wound to keep the pointer at zero when no current is flowing through the meter. If the two springs were perfectly matched in every respect, then the pointer would rest exactly on zero with no current flowing. In .actual practice, however, it is impossible to construct two perfectly matched springs that will expand or contract equally with temperature changes. Also, springs tend to lose tension as they age. Therefore, the springs will not always keep the pointer exactly at the zero scale reading with no current flowing. To correct this, most meters have a zero-adjust screw that permits setting the pointer to zero. ,
 AC METER The moving-coil meter used for DC measurement and the moving iron meter movements meant for AC measurement contain essentially the same parts except for the .permanent magnet of the moving-coil movement and the iron bars of the
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 moving-iron movement. A moving-iron meter contains two vanes mounted within a coil. One vane is fixed and the other, with a pointer attached, is free to rotate. Current through the coil induces a magnetic field of the same polarity in both vanes. The free vane, therefore, is repelled by the fixed vane. It .rotates a distance that depends on the strength of the magnetic field, and, therefore, on the strength of the current. The pointer, which is attached to the free vane, also rotates and swings across a calibrated scale to indicate the amount of current flowing.
 Moving-vane Meter (Radial and Concentric Types)
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 THE HOT WIRE METER:. A wire becomes heated when current flows through it. The amount of heat increases as the current increases; The hot-wire ammeter-makes use of this effect to measure current. A wire expands when it becomes heated. The more the wire is heated, the more it expands. Therefore, the greater the current through the wire, the more it will expand. If a second wire and spring are attached to the original current-carrying wire, they will pull the current-carrying wire from its normal position whenever it expands due to heat. If a pointer is attached to the second wire, the pointer will also move as the current-carrying wire expands. The distance that the pointer moves is used to indicate the amount of current flowing through the wire. THE THERMOCOUPLE METER The thermocouple meter makes use of a combination hot-wire ammeter and moving-coil meter, with a device known as a thermocouple added, A thermocouple consists of two dissimilar metals, which when joined produce an EMF when their junction is heated. In this meter movement, a heater, usually a hot wire, is also attached to the junction of the thermocouple. As you can see from the figure, the current to be measured is passed through the thermocouple heater, or hot wire. As in the case of the hot-wire ammeter, the wire heats up to a temperature that depends on the amount of current flow. The wire then heats the thermocouple junction, and. the thermocouple in turn, generates a small DC voltage. This voltage causes a current to flow through the moving-coil movement to indicate the amount of current flowing through the hot wire.
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 USE OF ANALOG MULTIMETER FOR CURRENT, VOLTAGE AND RESISTANCE MEASUREMENT
 INTRODUCTION The figure below shows how a moving-coil meter is used for electrical measurements. Ammeter has to use a shunt resistor to keep the current through the coil within limit; voltmeter and ohmmeter have resistors in series. Ohmmeter has internal power supply for resistance measurement. Rectifier is added to convert DC meter into an AC meter.
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 USING THE METER FOR HIGHER RANGES OF ELECTRICAL PARAMETERS CURRENT METER/AMMETER Some current meter designs incorporate a moving coil in which as little as 10 microamperes of current causes full-scale deflection; other coils may require 50 microamperes of current and still others may be designed for 1 milliampere or higher. How can these meters be used to measure more current than can safely flow through the moving coil? The problem is solved by using a parallel current path, or shunt, around the coil, either, inside or outside the meter. This arrangement is explained below: The general philosophy of the meter shunt is as follows: if a meter is designed to indicate the flow of 1 mtlliampere (ma) of current at full-scale deflection and it is desired to measure 10 ma, the ohmic value of the shunt must be such (relative to the ohmic value of the moving coil in the meter) that 9/10 of the total current (9 ma) passes through the shunt and 1/10 of the current (1 ma) passes through the meter. Assume that we wish to use a 0-I-ma meter (milliameter) having a moving coil resistance of 50 ohms in a circuit that may have as much as 10 ma flowing through it. To use the 1-ma meter to measure up to 10 ma, we must add a shunt to the meter movement, connecting the shunt directly to the outside terminals of the meter. To calculate-the shunt, the following formula is used:
 where Rs is the resistance of the shunt in ohms, Rm is the resistance of the meter movement in ohms, Im is the full-scale current rating of the meter movement, and It is the total current in. amperes to be carried by the meter and shunt. Substituting the values, we get:
 The construction of accurate shunts can be done using precise resistance measuring devices. To calculate other shunts, substitute the new values in the above formula.
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 VOLTMETER A DC current meter can be used as a DC voltmeter in the following way. Assume that a current meter has a moving coil rated at 100 micro-ampere full--scale current and a DC resistance of 1000 ohms. Full-scale coil current means, therefore, a voltage drop (E = IR) of .0001 x 1000 = 0.1 volt across the moving coil of this instrument. In fact, every current meter bears a fixed, internal voltage-drop rating equal to the product of the full-scale coil current and the DC resistance of the coil. Thus, although the ability to measure voltage is inherent in every current meter, its usefulness is limited because its maximum range and resistance are both very low. How is a current meter used as a voltmeter to measure voltages in excess of the internal voltage drop across the moving coil? By making the current meter part of a circuit in which a multiplier resistance is placed in series with the meter coil. The ohmic value of the multiplier resistance is such that when added to the meter coil resistance, the total resistance limits the circuit current to the full-scale current rating of the meter for any given applied voltage. In this way, the applied voltage divides between the multiplier-resistance and the meter resistance in direct proportion to their respective resistances; the voltage drop across the meter coil never exceeds the internal voltage rating for full-scale deflection. The function of the multiplier resistance is to develop a voltage drop equal to the excess between the applied voltage (the voltage being measured) and the internal voltage drop across the meter coil. This proportioning of voltage drops becomes automatic when the multiplier resistance limits the circuit current as described.
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 CALCULATING THE MULTIPLIER RESISTANCE VALUE Let us assume that we have a 100-microampere ammeter (microammeter) having a DC resistance of 1000 ohms. We want to convert this meter movement into a voltmeter that reads 25 volts full scale. When 100 microampere of full-scale current flows through the meter, there is a voltage drop of 0.1 volt across the meter coil. Our task then is to calculate what resistance must be placed in series with the meter movement so that when a current of 100 microamperes flows through the meter and resistance, there will be a 25volt drop across the meter resistance and multiplier combination, We can find the total resistance of the combination at 25 volts by using Ohm's law as below:
 Of course, we must not lose sight of the internal meter resistance of 1000 ohms. Thus, the series multiplier resistance is equal to 250,000 ohms less the meter resistance of 1000 ohms, or 249,000 ohms
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 DC VOLTMETER: OHMS-PER-VOLT RATING An important electrical characteristic of voltmeters is their ohms-per-volt rating. This term is the basis for the total resistance of the voltmeter on each of its voltage ranges (including the multiplier resistance used on each range). The ohms-per-volt rating is based on the current requirement of the meter coil for full-scale deflection. If the meter coil in a voltmeter .requires 50 µa (.00005 ampere) for full-scale deflection, the multiplier resistance required for each volt indication is R = E/I, or 1/0.00005 = 20, 000 ohms. The instrument therefore has a rating of 20,000 ohms-per-volt on each range. The total resistance of the instrument on each range, then, is the ohms-per-volt rating multiplied by the full-scale limit on each range. For example, if the range selected is 5 volts full scale, the total resistance presented by the meter is 20,000 x 5, or 100,000 ohms. A meter that requires 1 ma (.001 ampere) for full-scale deflection has an ohms-per-volt rating of I/0.001 or 1000. If the voltmeter movement uses 10 microampere moving coil, the instrument has a rating of 1/0.00001 or 100, 000 ohms-per-volt. Voltmeters are connected across circuits; hence, the resistance of the voltmeter is in parallel with the resistance of the circuit being measured. To minimize the shunting effect of the voltmeter resistance across the circuit resistance, it is essential that the voltmeter resistance be as high as possible; It is therefore best to use the highest range possible consistent with readability
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 SERIES OHMMETER THIS IS GENERALLY USED TO MEASURE HIGH RESISTANCE. The same moving-coil meter that we used in our ammeter and voltmeter can be used to make an ohmmeter, an instrument for measuring resistance. In building a basic ohmmeter circuit, we start once again with a 0-1 rna meter movement connected in series with a fixed resistor (4K), a variable resistor (lK), and a 4.5-volt battery. This entire circuit ends in a pair of terminals across which the unknown resistance (Rx) is to be placed: When the unknown or external resistance is zero, or the output terminals are short circuited, we want enough current to flow for full-scale meter deflection. By Ohm's law, 1 rna will flow when the total series circuit resistance is: R = 4. 5/.001, or 4500 ohms. Since it is possible for the voltage of a new battery to be slightly higher than 4. 5 volts, the total series resistance should be about 5000 ohms to be safe. Having a fixed resistance of 4000 ohms and a variable resistance of 1000 ohms permits "zero-adjust" to be made on the ohmmeter. As the battery voltage lowers with age, the potentiometer is varied to give full-scale deflection when Rx is zero. From this, we see that in the series ohmmeter, full-scale deflection is equal to zero ohm at the input terminals. With Rx "open”, this is equivalent to an infinitely high resistance. Thus, the left side of the meter scale reads "infinity" or some very high value of resistance. We see then that the ohmmeter scale reads opposite in direction to the ammeter and voltmeter scales. In addition, it is not a linear scale. If Rx is 1500 ohms, circuit current drops by 25 rna, to 75 rna (I = 4. 5/(6000). However, the addition of another 1500 ohms across Rx produces a current of I = 4. 5/7500, or 0.60 rna, a drop of an additional 0.15 rna. This produces the nonlinear scale shown.
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 SHUNT OHMMETER
 For reading very low values of resistance, the shunt-type ohmmeter is better suited than the series type. In the shunt unit, the unknown resistance Rx is now shunted or placed in parallel with the meter, instead of in series with it. With the unknown resistance connected in this manner, some of the Current in the ohmmeter circuit now takes the path through Rx. The current through the meter movement is reduced accordingly, and the amount of deflection drops in proportion to the reduction in current. The amount of current through the meter depends upon the ratio of the shunt resistance of Rx to the internal resistance of the meter. The zero-adjust in the shunt ohmmeter operates oppositely from that in the series ohmmeter. In the shunt instrument, the variable resistor is adjusted so that full-scale current flows through the moving coil when there is an open circuit across the Rx terminals. Thus, maximum or infinite resistance is indicated on the right-hand side of the meter scale. A short circuit across terminals Rx would bypass all current around the meter and produce no pointer deflection. Thus, zero ohms would appear at the left-hand side of the meter scale. Any resistance connected across the Rx terminals will provide a path for current, and will cause the current through the meter to be less than full scale. Low resistances will bypass considerable current and produce little deflection; high resistances will bypass little current and produce large deflection. By using a selector switch and various-sized shunts, a multi-range ohmmeter can be made, with each range having a different multiplying factor.
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 THE WATTMETER We have discussed thus far the various ways and means of measuring voltage, current, and resistance. Another important measurement is that of power. Since power is equal to the product of voltage and current (E x I), we can obtain this measurement by voltmeter and ammeter readings in a circuit. There is, however, a direct means for measuring power in watts--the electrodynamometer wattmeter. This wattmeter consists of two coils--one stationary and one movable. There are two ways of connecting a wattmeter. In one method, the stationary coil is the voltage coil and consists of many turns of small wire having a high resistance; the movable coil is the current coil and consists of a few turns of large wire having low resistance. The voltage (or high-resistance) coil is connected across the voltage source, or across the device whose power consumption is being measured. The current (or low resistance) coil is connected in series with the load, and current through the load passes through the current coil.
 The second method of wattmeter connection has the high-resistance voltage coil as the movable coil, with the low-resistance current coil being stationary. This second method is superior for large currents because it removes the difficulty in conducting large currents into and out of the spring suspension of the moving coil. Current through the voltage coil is proportional to the voltage across the load. The interaction of the magnetic fields from the fixed and movable coils causes the movable coil to rotate. The effect is almost the same as if the voltage applied across the load and the current through the load were multiplied together. The torque on the movable coil is proportional to the current and also to the voltage; it is therefore proportional to their product. The meter pointer thus registers according to the power consumption E x I. Wattmeters are used more in AC circuits than in DC circuits.
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 WHEATSTONE BRIDGE It is often necessary to make resistance measurements of greater accuracy than is possible with an ohmmeter. Measuring ammeter shunts, voltmeter multipliers, and other high-precision resistances can be done with an instrument known as the Wheatstone bridge. In the schematic of the bridge, resistances Rl and R2 are fixed and form one leg of the bridge. The other leg of the bridge consists of variable resistance R3 and the unknown resistance Rx. The applied battery voltage appears across both branches of this parallel circuit and produces current flow. Let us assume that the battery voltage is 10 volts, Rl =1 ohm, and R2 =9 ohms. The current through the A-B-C leg would be 1 ampere, with point B being 1 volt positive with respect to point A. In leg A-D-C there will also be current flow. Let us assume the unknown resistance is 90 ohms, and the, variable resistance is adjusted to 10 ohms. The current flow in this leg would then be 0.1 ampere or 100 rna (I = 10/100). The 0.1 ampere flowing through R3 would cause a voltage drop of
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 1 volt, with a 9~volt drop across Rx. Thus, point D would also be 1 volt positive with respect to point A. Since points B and D are both 1 volt positive with respect to point A, they are at the same potential, and no current will flow through the galvanometer. However, should the ratio of Rl to R2 differ from that of R3 to Rx, points B and D would not be at the same potential, and current would flow from B to D or D to B, depending on which point was at the higher potential. R3 is usually a calibrated resistor which is varied until the galvanometer reads zero, indicative of no difference of potential across. it. It is important to remember that Rl and R2 need have only a known ratio. Commercial bridges often have plug-in units or means of changing the RI-R2 ratio in terms of 1:1, 10:1, 100:1, 1000:1, etc.
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 SAFETY OHMMETER
 This specialised tester has been developed for testing the insulation resistance of circuits through which, for reasons of safety, the testing current must not under any circumstances exceed a specified value; it is supplied primarily for determining the insulation resistance of circuits which control explosive charges or pyrotechnic devices. The tester operates on the standard principle applied to general purpose (high voltage) insulation testers, but the design is such that the testing current supplied by the tester to the circuit under investigation is restricted to a maximum of 10 mA.
 The generator is of the conventional two pole permanent magnet type, driven through reduction gears by a handle which folds back into the case when not in use. The armature has a single high resistance winding, the ends of which are taken to a split ring commutator with carry over bars and a resistance/capacitance smoothing circuit is fitted across the brushes. An output voltage of 30 volts is available at a handle speed of 160 rpm providing the 'leakage' current, i.e. the current through the deflecting circuit when the latter is completed through a resistance under test, is less than 10 mA. If the insulation resistance under investigation is unduly low, the testing voltage is automatically reduced (by reasons of increased voltage drop in the armature winding) to restrict the leakage current to the prescribed maximum. A 1000000 ohm test resistor is supplied with the tester: this resistor provides a convenient means of checking the calibration of the instrument and for checking purposes, it is connected directly across the test terminals to simulate an insulation resistance.
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 MEGGER/MEGAOHMMETER The " Megger " , an instrument for measuring the insulation resistance of electrical devices, was introduced by the British firm of Evershed and Vignoles in 1905. The name comes from the fact that the insulating resistance of a properly-designed appliance is in the range of tens and hundreds of meghoms. The crank on the end powers a DC generator connected to a specially-designed meter. Connections are made by depressing the spring loaded black buttons and slipping the bare end of the connecting wires into the holes on the sides.
 How to use Megger
 NEVER TOUCH THE TEST LEADS WHILE THE MEGGER IS BEING USED and make sure that the item you are checking is de-energised, discharged and isolated before using the megger. Normal insulations should read infinity. Any small resistance reading indicates the insulation is breaking down. The circuit or item you are testing may have considerable capacitance and retain an electrical charge after testing. After you make your connections, you apply the test voltage for 1 min. This is a standard practice to enable relatively accurate comparisons of readings from previous tests. The insulation resistance reading should drop or remain relatively steady. This is because electrical insulation materials exhibit capacitance and will charge up during the course of the test. After 1 min, you should read and record the resistance value.
 What affects insulation resistance readings? Apart from dirt and damp insulation resistance is temperature-sensitive. When temperature increases, insulation resistance decreases, and vice versa. A common rule of thumb is insulation resistance changes by a factor of two for each 10 degree C change. So, to compare new readings with previous ones, you'll have to correct your readings to some base temperature. For example, suppose you measured 100 megohms with an insulation temperature of 30C. A corrected measurement at 20C would be 200 megohms (100 megohms times two). It is also worth bearing in mind that as time goes by the quality of insulating materials gradually deteriorates (especially at elevated temperatures).
 How does it work? The construction and connections are shown below. The moving system consists of two coils, the "control coil" and the "deflecting coil"-rigidly mounted at an angle to one another and connected, in parallel across a small generator, with polarities such that the torques produced by them are in opposition. The coils move in the air gap of a permanent magnet. The control coil is in series with a fixed control circuit; the deflecting coil is connected in series with a fixed deflecting circuit resistance and the resistance under test. If this last is infinitely high no current flows in the deflecting coil and the control coil sets itself perpendicular to the magnetic axis, the pointer indicating "Infinity." A lower test resistance allows current to flow in the deflecting coil and turns the movement clockwise. The control torque produces a restoring torque which progressively increases with the angular deflection, and the equilibrium position of the movement is attained when the two opposing torques balance. Other insulation testers work on the same principle though the voltage required may be obtained from a battery operated inverter or a motor driven generator.
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 How to Use Megger/Megaohmmeter (Example:Motor Insulation)
 Step 1: Remove all power from the wires or circuit being tested. There can be absolutely no voltage connected to the circuit when these high-voltage tests are being conducted.
 Step 2: Uninstall all wires that are to be tested. This means that any wire that is to have the insulation value checked, must be completely disconnected on both ends of the circuit. The bare copper ends are sometimes covered by a wire nut or a piece of tape. This protects equipment or someone from being shocked. In the case of testing motors, all wires feeding the motor must also be completely disconnected.
 Step 3: Connect one of the megger's leads to the electrical frame or earth ground of the electrical system. In testing motor windings, this lead will be connected to the actual metal frame of the motor.
 Step 4: Attach the other lead from the meter to the bare copper end of the wire or one of the motor terminals. Check to be sure the other end of the wire being tested is in free air or covered by an insulator such as a piece of tape or wire nut.
 Step 5: Turn the meter on or begin to crank the generator handle. It may take 2 to 5 seconds for the high voltage to build inside the wire or motor windings.
 Step 6: Read the meter. A reading of greater than 999 megohms is a near-perfect resistance reading for a wire or new motor. Resistance readings less than 1.5 megohms may present problems in old wires or used motors. In most cases, any reading in between these values may be fine, unless trouble has been experienced in these circuits.
 Step 7: Continue to test other wires or the remaining motor terminals. Once the meter's high-voltage source has ceased, the wires or motor leads are safe to handle.
 The circuit of the 250 volts tester is shown in the diagram. Comparison of the circuit with that of the 500 volts tester will show that the indicator sections of both are identical, but the generator section of the 250
 volts tester is rather more complex to obtain the constant voltage from it. The additional features comprise carry over bars fitted on the generator commutator, a smoothing circuit (resistance/capacitance type) across the brushes and a silicon carbide voltage limiting device across the generator output. The silicon carbide disc is, in effect, a non linear resistor; it behaves as an insulator when the pd across it is not more than 250 volts, but as soon as this value is exceeded it becomes increasingly conductive and constitutes a shunt across the generator output - the resultant rise in current taken from the generator winding gives rise to increased voltage drop in the winding, thus maintaining the output voltage (not the EMF) of the generator at a substantially constant level of 250V
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 HIPOT TESTING
 Hipot is an abbreviation for high potential. Traditionally, Hipot is a term given to a class of electrical safety testing instruments used to verify electrical insulation in finished appliances, cables or other wired assemblies, printed circuit boards, electric motors, and transformers.
 Under normal conditions, any electrical device will produce a minimal amount of leakage current due to the voltages and internal capacitance present within the product. Yet, due to design flaws or other factors, the insulation in a product can break down, resulting in excessive leakage current flow. This failure condition can cause shock or death to anyone that comes into contact with the faulty product.
 A Hipot test (also called a Dielectric Withstand test) verifies that the insulation of a product or component is sufficient to protect the operator from electrical shock. In a typical Hipot test, high voltage is applied between a product's current-carrying conductors and its metallic chassis. The resulting current that flows through the insulation, known as leakage current, is monitored by the hipot tester. The theory behind the test is that if a deliberate over-application of test voltage does not cause the insulation to break down, the product will be safe to use under normal operating conditions—hence the name, Dielectric Withstand test.
 In addition to over-stressing the insulation, the test can also be performed to detect material and workmanship defects, most importantly small gap spacing between current-carrying conductors and earth ground. When a product is operated under normal conditions, environmental factors such as humidity, dirt, vibration, shock and contaminants can close these small gaps and allow current to flow. This condition can create a shock hazard if the defects are not corrected at the factory. No other test can uncover this type of defect as well as the Dielectric Withstand test.
 Three types of Hipot tests are commonly used. These three tests differ in the amount of voltage applied and the amount (or nature) of acceptable current flow:
 Dielectric breakdown Test. The test voltage is increased until the dielectric fails, or breaks down, allowing too much current to flow. The dielectric is often destroyed by this test so this test is used on a random sample basis. This test allows designers to estimate the breakdown voltage of a product's design.
 Dielectric Withstand Test. A standard test voltage is applied (below the established Breakdown Voltage) and the resulting leakage current is monitored. The leakage current must be below a preset limit or the test is considered to have failed. This test is non-destructive and is usually required by safety agencies to be performed as a 100% production line test on all products before they leave the factory.
 Insulation Resistance Test: This test is used to provide a quantifiable resistance value for all of a product's insulation. The test voltage is applied in the same fashion as a standard Hipot test, but is specified to be Direct Current (DC). The voltage and measured current value are used to calculate the resistance of the insulation.
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 HIPOT TESTER
 A hipot tester is an electronic device used to verify the electrical insulation in a cable, printed circuit board, electric motor, transformer or other wired assembly. A Hipot tester is used to perform a high potential test. Generally a hipot tester consists of:
 1. A source of high voltage, 2. A current meter, 3. A switching matrix used to connect the high voltage source and the current meter to all of the contact points in a cable.
 In addition to these parts a hipot tester may also have a microcontroller and a display to automate the testing process and display the testing results.
 A hipot tester can be very similar to a cable tester and often the two are combined into a single device.
 A hipot tester is used to verify that circuits that should be insulated are well isolated. It does this by applying a high voltage between the circuits and making sure no current flows.
 In a typical wired assembly a hipot test should connect all circuits in common to ground. Then, one by one the tester will disconnect a given circuit from ground and connect that circuit to high voltage. The current that flows is monitored to verify that it is low enough.
 APPLICATION
 • cable manufacturer, switchgear industry, bus bar, batteries, … • electronic component (capacitor, transistor, electronic boards, IGBT, relays, …) • household manufacturer (washing machines, coffee machines, fridges, heaters, boilers, ovens, …) • industrial equipment (compressor, electrical tools, …) • lighting industry (street lights, professional lighting, medical lighting, bulbs, …) • information technology industry (modems, satellite receivers, servers, printers, cash dispensers, …) • test houses, certification laboratories (electrical meters, components, insulated materials, such as plastic, ceramic, textile, …) • railway industry (train power line, electrical cabinets, cabling, ...) • transformers, coils, electric engines, ...
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 VITREK HIPOT Tester

Page 146
                        

AVIONICS WORKSHOP PRACTICES
 For Training Purpose Only Page 140
 BONDING TESTING
 Bonding is the electrical interconnection of all metal parts of an aircraft, provided for the following reasons:
 • Gives a low resistance path for earth return circuits. • Reduces radio interference. • Reduces danger from lightning strikes. • Prevents the accumulation of local static charge. • Ensures that all metal is connected to the ground earth point and to static dischargers if fitted.
 Bonding Tester: The bonding test meter consists of a single nickel alkaline cell and a low reading ohmmeter. A set of leads are also provided. One lead is 60 feet long with a single prod. One lead is 6 feet long with a double prod. It is NOT permissible to shorten either lead in the event of damage.
 Preliminary Check of the Bond tester
 • Connect the two leads to the meter by their plugs, it does not matter which socket they are plugged into. • Short all three prods together and check for a ZERO reading. • Momentarily short the two prods of the 6 foot lead together and check for full scale deflection.
 Test
 • Remove or pierce non-conductive protective treatments, i.e. primer or paint, varnishes, chromate, anodic and phosphate coatings.
 • Note: Do NOT remove cadmium or tin plate. • Connect the single prod 60 foot lead to an airframe main earth point before touching the 6-foot cable prod to the surface
 under test. • Using the 6 foot twin prod check that items being tested are within the limits laid down by the aircraft manufacturers. • On all metal aircraft the resistance should not exceed 0.05 ohms. • Replace or repair the protective finish.
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 The bonding tester, with 6ft and 60ft leads
 The Bonding Test
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 ELECTRONIC MULTIMETER One of the most versatile general-purpose shop instruments capable of measuring DC and AC voltages as well as current and resistance is the solid-state electronic multimeter or VOM. Although circuit details will vary from one instrument to the next, an electronic multimeter generally contains the following elements: (a) Balanced-bridge DC amplifier and indicating meter. (b) Input attenuator or, RANGE switch to limit-the magnitude of the input voltage to the desired value. (c) Rectifier section, to convert an AC input voltage to a proportional DC value. (d) Internal battery and additional circuitry, to provide the capability of resistance measurement (e) FUNCTION switch, to select the various measurement functions of the instrument In addition, the .instrument generally has a built-in power supply for AC line operation, and in most cases, one or more batteries for operation as a portable test instrument. . . Schematic diagram of a balanced-bridge DC amplifier using field effect transistor or FETs is shown. This circuit also applies to a bridge amplifier with ordinary bipolar transistor BITs. The circuit shown here consists of two FETs which should-be reasonably well matched for current gain to ensure thermal stability of the circuit. The two FETs form, the upper arms of a bridge circuit. Source resistors R1 and R2, together with ZERO adjust resistor R3, form the lower bridge arm. The meter movement is connected between the source terminals of the FETs: representing two opposite corners of the bridge. Without an input signal, the gate terminals of the FETs are at ground potential and the transistors operate under identical quiescent conditions. In this case, the bridge is balanced and the meter indication is zero. In practice, however, small differences in the operating characteristics of the transistors, and slight tolerance differences in the various resistors, cause a certain amount of unbalance in the drain currents, and the meter shows a small deflection from zero. To return the meter to zero, the circuit is balanced by ZERO adjust control R3 for a true null indication. When a positive voltage is applied to the gate of input transistor Q1, its drain current increases, which causes the voltage at the source terminal to rise. The resulting unbalance between the QI and Q2 source voltages is indicated by the meter movement, whose scale is calibrated to agree with the magnitude of the applied input voltage. The maximum voltage that can be applied to the gate of QI is determined by the operating range of FET and is usually on the order of a few volts. The range of input voltages can easily be extended by an input attenuator or RANGE switch, as shown. The unknown DC input voltage is applied through a large resistor in the probe body to a resistive voltage divider. Thus, with the RANGE switch in the 3-V position as shown, the voltage at the gate of the input FET is developed across 8 MΩ of the total resistance of 11.3 MΩ and the circuit is so arranged that the meter deflects full scale with 3 V applied to the tip of the probe. With the RANGE switch in the 12-V position, the gate voltage is
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 developed across 2 MΩ of the total divider resistance of 11.3 MΩ and an input voltage of 12 V is required to cause the same 'full-scale meter deflection.
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 RESISTANCE MEASUREMENT When the function switch of the multimeter is placed in the OHMS position, the unknown resistor is connected in series with an internal battery, and the meter simply measures the voltage drop across the unknown. A typical circuit is shown where a separate divider network, used only for resistance measurements, provides for a number of different resistance ranges. When unknown resistor Rx is connected to the OHMS terminals of the multimeter, the 1.5-V battery supplies current through one of the range resistors and the unknown resistor to ground. Voltage drop Vx across R, is applied to the input of the bridge amplifier and causes a deflection on the meter. Since the voltage drop across Rx is directly proportional to its resistance, the meter scale can be calibrated in terms of resistance. Note that the resistance scale of the multimeter reads increasing resistance from left to right, opposite to the way resistance scales read on conventional multimeters. This can be expected because the electronic multimeter reads a larger resistance as a higher voltage, whereas the ordinary multimeter indicates a higher resistance as a smaller current.
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 DIGITAL MULTIMETER (DMM) DMMs are often very attractive, for their accuracy and because they are priced the same as or less than a good analogue meter movement. They also have better linearity than most of the cheap movements. Most are available with a quoted sensitivity of 200mV (199.9mV full scale), so are comparable to analogue meters in terms of voltage drop for current measurement. They have the great advantage of a (typical) 100MΩ input impedance, so voltage loading is extremely low. In addition, they will measure positive and negative voltage or current - this is available with a centre zero analogue meter, but they are hard to find.
 Most DMMs are classified as 3½ digit, meaning that they display up to a maximum of 199.9mV. The most significant digit can only be blank or 1, and the other 'half' is used to display a negative sign to indicate that the input is negative with respect to the common or ground terminal. This often means that much of the range is wasted if you want to display a range other than 0-1999. Note that most DMMs do not automatically select the decimal point, and there are extra pins to allow the user to select the position of the decimal point (or to ignore it completely). Analogue meters have no such limitation, because the scale can be calibrated with any units you wish, and covering any range.
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 Digital voltmeters necessarily have input amplifiers, and, like vacuum tube voltmeters, generally have a constant input resistance of 10 megohms regardless of set measurement range. COMPARISON OF ANALOG AND DIGITAL TESTERS There are two types of meters that are used for measuring voltage, current and resistance. They are, Analog and Digital meters. Analog meters display the measured values with a pointer moving on a suitably calibrate scale, whereas the digital meters show the values in digital form. Analog meters are good for a steady indication in a fluctuating circuit. ANALOG AND DIGITAL VOLTMETER Voltage measurement is useful in determining the circuit and power supply health, such as, open- or short-circuit, low power supply and high resistance in circuit. Voltmeter is connected in parallel with the circuit so that the meter draws a very small current from the circuit to make measurement of voltage. Meter can tap off a small amount of current. If a voltmeter is connected in series, its high resistance would reduce circuit current and cause a false reading. As voltmeter, with its internal resistance, is in parallel in the circuit, it changes the total resistance of the circuit. This will affect the total circuit current (loading effect) and the reading obtained will be inaccurate. The impedance of a conventional analog voltmeter is expressed in "ohms per volt." The amount of resistance an analog voltmeter presents to the circuit depends on the voltage range selected on the meter. Digital voltmeters, on the other hand, have a fixed impedance of 10 M ohms or more. Impedance is the biggest difference between analog and digital voltmeters. Since most digital voltmeters have 50 times more impedance than analog voltmeters, digital meters are more accurate when measuring voltage in high resistance circuits. For example, with a low impedance (10,000 ohms per volt) analog meter on the 30 volt scale (the voltmeter represents 300,000 ohms resistance to the circuit) to measure voltage drop across a 1,000,000 ohm component in a circuit, three times as much current is flowing through the meter than through the component. If you use a digital meter with 10 million ohms of impedance to test the same component, only 1/10 of the current will flow through the meter, which means it has very little effect on the circuit being measured.
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 AMMETER
 VOLTMETER
 ANALOG AND DIGITAL AMMETER
 This meter is helpful in determining whether a circuit is shorted or open by measurement of current in the circuit, It is always connected in series in a circuit to measure the total circuit current. Digital meter can measure current of the order of microamperes.
 CAUTION' These meters have extremely low internal resistance. If connected in parallel, the current through the parallel branch created by the meter/night be high enough to damage the meter along with the circuit the meter is connected to. Also, since all the
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 current will flow through the ammeter when it is connected be sure that the circuit current will not exceed the maximum rating of the meter. ANALOG AND DIGITAL OHMMETER
 An ohmmeter is used to trouble-shoot circuit for shorted or open conditions by measurement of resistance. It requires an internal power supply to drive current through the circuit under test.
 An ohmmeter should not be used on a circuit which is powered. Unless the circuit being measured contains a diode, polarity is inconsequential. An analog ohmmeter, however, should be calibrated regularly by connecting the two leads together and zeroing the meter with the adjust knob. This compensates for changes in the .state of charge of the internal battery. CAUTION: Analog ohmmeters may apply a higher voltage to a circuit than a digital ohmmeter causing damage to solid-state components. Use analog ohmmeters with care. Digital meters apply less voltage to a circuit so damage is less likely Analog meters can also bias, or turn on, semi-conductors and change the circuit by allowing current to flow to other portions of the circuit. Most digital meters have a low voltage setting which will not bias semiconductors and a higher voltage setting for testing semiconductors. Digital ohmmeters do have one limitation. Due to the small amount of current they pass through the device being tested, they cannot check some semiconductors in circuits, such as a clamping diode on a relay coil. Many analog ohmmeters will, when switched to the ohm function, reverse the polarity of the test leads. In other words, the red lead may become negative and the black lead may become positive. The meter will function properly as long as you are aware of this and reverse the leads. This is especially important when working with diodes or transistors which are polarity sensitive and only allow current to flow from the positive to the negative end. To check for polarity reversal, set the ohmmeter in ohm function and connect its leads to the leads of a voltmeter (red to red, black to black). If-the voltmeter shows a negative value, that particular ohmmeter reverses polarity in ohm function. You should note that ohmmeters do little good in low resistance, high current carrying circuits such as starters. They cannot find points of high resistance because they only use a small amount of current from their internal batteries. In a large conductor (such as a battery cable), this current meets little resistance. A voltage drop test during circuit operation is much more effective at locating points of high resistance in this type of circuit.
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 CLAMP‐ON MULTIMETER
 This is used for measuring high currents in a circuit. It is essentially a current transformer connected to a meter.
 Ohmmeter
 A multimeter with a built-in clamp facility. Pushing the large button at the bottom opens the lower jaw of the clamp, allowing the clamp to be placed around a conductor (wire).
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 AC BRIDGE CIRCUITS As we saw with DC measurement circuits, the circuit configuration known as a bridge can be a very useful way to measure unknown values of resistance. This is true with AC as well, and we can apply the very same principle to the accurate measurement of unknown impedances.
 One of the advantages of using a bridge circuit to measure resistance is that the voltage of the power source is irrelevant. Practically speaking, the higher the supply voltage, the easier it is to detect a condition of imbalance between the four resistors with the null detector, and thus the more sensitive it will be. A greater supply voltage leads to the possibility of increased measurement precision. However, there will be no fundamental error introduced as a result of a lesser or greater power supply voltage unlike other types of resistance measurement schemes.
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 Impedance bridges work the same, only the balance equation is with complex quantities, as both magnitude and phase across the components of the two dividers must be equal in order for the null detector to indicate “zero.” The null detector, of course, must be a device capable of detecting very small AC voltages. An oscilloscope is often used for this, although very sensitive electromechanical meter movements and even headphones (small speakers) may be used if the source frequency is within audio range.
 One way to maximize the effectiveness of audio headphones as a null detector is to connect them to the signal source through an impedance-matching transformer. Headphone speakers are typically low-impedance units (8 Ω), requiring substantial current to drive, and so a step-down transformer helps “match” low-current signals to the impedance of the headphone speakers. An audio output transformer works well for this purpose.
 Using a pair of headphones that completely surround the ears (the “closed-cup” type), it is possible to detect currents of less than 0.1 µA with this simple detector circuit. Roughly equal performance could be obtained using two different step-down transformers: a small power transformer (120/6 volt ratio), and an audio output transformer (1000:8 ohm impedance ratio). With the pushbutton switch in place to interrupt current, this circuit is usable for detecting signals from DC to over 2 MHz even if the frequency is far above or below the audio range, a “click” will be heard from the headphones each time the switch is pressed and released.
 “Modern” low-Ohm headphones require an impedance matching transformer for use as a sensitive null detector.
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 Listening to the headphones as one or more of the resistor “arms” of the bridge is adjusted, a condition of balance will be realized when the headphones fail to produce “clicks” (or tones, if the bridge's power source frequency is within audio range) as the switch is actuated.
 When describing general AC bridges, where impedances and not just resistances must be in proper ratio for balance, it is sometimes helpful to draw the respective bridge legs in the form of box-shaped components, each one with a certain impedance:
 Generalized AC impedance bridge: Z = nonspecific complex impedance
 For this general form of AC bridge to balance, the impedance ratios of each branch must be equal:
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 Again, it must be stressed that the impedance quantities in the above equation must be complex, accounting for both magnitude and phase angle. It is insufficient that the impedance magnitudes alone be balanced; without phase angles in balance as well, there will still be voltage across the terminals of the null detector and the bridge will not be balanced.
 Bridge circuits can be constructed to measure just about any device value desired, be it capacitance, inductance, resistance, or even “Q.”. As always, in bridge measurement circuits, the unknown quantity is always “balanced” against a known standard, obtained from a high-quality, calibrated component that can be adjusted in value until the null detector device indicates a condition of balance. Depending on how the bridge is set up, the unknown component's value may be determined directly from the setting of the calibrated standard, or derived from that standard through a mathematical formula.
 A couple of simple bridge circuits are shown below, one for inductance and one for capacitance:
 Symmetrical bridge measures unknown inductor by comparison to a standard inductor.
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 Symmetrical bridge measures unknown capacitor by comparison to a standard capacitor.
 Simple “symmetrical” bridges such as these are so named because they exhibit symmetry (mirror-image similarity) from left to right. The two bridge circuits shown above are balanced by adjusting the calibrated reactive component (Ls or Cs). They are a bit simplified from their real-life counterparts, as practical symmetrical bridge circuits often have a calibrated, variable resistor in series or parallel with the reactive component to balance out stray resistance in the unknown component.
 An example of a little extra complexity added to compensate for real-world effects can be found in the so-called Wien- bridge, which uses a parallel capacitor-resistor standard impedance to balance out an unknown series capacitor-resistor combination. All capacitors have some amount of internal resistance, be it literal or equivalent (in the form of dielectric heating losses) which tend to spoil their otherwise perfectly reactive natures. This internal resistance may be of interest to measure, and so the Wien-bridge attempts to do so by providing a balancing impedance that isn't “pure” either:
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 Wein-Bridge measures both capacitive Cx and resistive Rx components of “real” capacitor.
 Being that there are two standard components to be adjusted (a resistor and a capacitor) this bridge will take a little more time to balance than the others we've seen so far. The combined effect of Rs and Cs is to alter the magnitude and phase angle until the bridge achieves a condition of balance. Once that balance is achieved, the settings of Rs and Cs can be read from their calibrated knobs, the parallel impedance of the two determined mathematically, and the unknown capacitance and resistance determined mathematically from the balance equation (Z1/Z2 = Z3/Z4).
 It is assumed in the operation of the Wien-bridge that the standard capacitor has negligible internal resistance, or at least that resistance is already known so that it can be factored into the balance equation. Wien bridges are useful for determining the values of “lossy” capacitor designs like electrolytics, where the internal resistance is relatively high. They are also used as frequency meters, because the balance of the bridge is frequency-dependent. When used in this fashion,

Page 162
                        

AVIONICS WORKSHOP PRACTICES
 For Training Purpose Only Page 156
 the capacitors are made fixed (and usually of equal value) and the top two resistors are made variable and are adjusted by means of the same knob. An interesting variation on this theme is found in the next bridge circuit, used to precisely measure inductances.
 Maxwell-Wein-bridge measures an inductor in terms of a capacitor standard.
 This ingenious bridge circuit is known as the Maxwell-Wien bridge (sometimes known plainly as the Maxwell bridge), and is used to measure unknown inductances in terms of calibrated resistance and capacitance. Calibration-grade inductors are more difficult to manufacture than capacitors of similar precision, and so the use of a simple “symmetrical” inductance bridge is not always practical. Because the phase shifts of inductors and capacitors are exactly opposite each other, a capacitive impedance can balance out an inductive impedance if they are located in opposite legs of a bridge, as they are here.
 Another advantage of using a Maxwell bridge to measure inductance rather than a symmetrical inductance bridge is the elimination of measurement error due to mutual inductance between two inductors. Magnetic fields can be difficult to shield, and even a small amount of coupling between coils in a bridge can introduce substantial errors in certain conditions. With no second inductor to react with in the Maxwell bridge, this problem is eliminated.
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 For easiest operation, the standard capacitor (Cs) and the resistor in parallel with it (Rs) are made variable, and both must be adjusted to achieve balance. However, the bridge can be made to work if the capacitor is fixed (non-variable) and more than one resistor made variable (at least the resistor in parallel with the capacitor, and one of the other two). However, in the latter configuration it takes more trial-and-error adjustment to achieve balance, as the different variable resistors interact in balancing magnitude and phase. Unlike the plain Wien-bridge, the balance of the Maxwell-Wien bridge is independent of source frequency, and in some cases this bridge can be made to balance in the presence of mixed frequencies from the AC voltage source, the limiting factor being the inductor's stability over a wide frequency range. There are more variations beyond these designs, but a full discussion is not warranted here. General-purpose impedance bridge circuits are manufactured which can be switched into more than one configuration for maximum flexibility of use. A potential problem in sensitive AC bridge circuits is that of stray capacitance between either end of the null detector unit and ground (earth) potential. Because capacitances can “conduct” alternating current by charging and discharging, they form stray current paths to the AC voltage source which may affect bridge balance:
 Stray capacitance to ground may introduce errors into the bridge.
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 While reed-type meters are imprecise, their operational principle is not. In lieu of mechanical resonance, we may substitute electrical resonance and design a frequency meter using an inductor and capacitor in the form of a tank circuit (parallel inductor and capacitor). One or both components are made adjustable, and a meter is placed in the circuit to indicate maximum amplitude of voltage across the two components. The adjustment knob(s) are calibrated to show resonant frequency for any given setting, and the frequency is read from them after the device has been adjusted for maximum indication on the meter. Essentially, this is a tunable filter circuit which is adjusted and then read in a manner similar to a bridge circuit (which must be balanced for a “null” condition and then read). The problem is worsened if the AC voltage source is firmly grounded at one end, the total stray impedance for leakage currents made far less and any leakage currents through these stray capacitances made greater as a result:
 Stray capacitance errors are more severe if one side of the AC supply is grounded.
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 One way of greatly reducing this effect is to keep the null detector at ground potential, so there will be no AC voltage between it and the ground, and thus no current through stray capacitances. However, directly connecting the null detector to ground is not an option, as it would create a direct current path for stray currents, which would be worse than any capacitive path. Instead, a special voltage divider circuit called a Wagner ground or Wagner earth may be used to maintain the null detector at ground potential without the need for a direct connection to the null detector.
 Wagner ground for AC supply minimizes the effects of stray capacitance to ground on the bridge.
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 The Wagner earth circuit is nothing more than a voltage divider, designed to have the voltage ratio and phase shift as each side of the bridge. Because the midpoint of the Wagner divider is directly grounded, any other divider circuit (including either side of the bridge) having the same voltage proportions and phases as the Wagner divider, and powered by the same AC voltage source, will be at ground potential as well. Thus, the Wagner earth divider forces the null detector to be at ground potential, without a direct connection between the detector and ground. There is often a provision made in the null detector connection to confirm proper setting of the Wagner earth divider circuit: a two-position switch, so that one end of the null detector may be connected to either the bridge or the Wagner earth. When the null detector registers zero signal in both switch positions, the bridge is not only guaranteed to be balanced, but the null detector is also guaranteed to be at zero potential with respect to ground, thus eliminating any errors due to leakage currents through stray detector-to-ground capacitances:
 Switch-up position allows adjustment of the Wagner ground.
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 FREQUENCY MEASUREMENT Vibrating-Reed Frequency Meters
 For precise frequency measurement, integrated circuit chips having clock circuits are used to actually count the cycles in a given time period. However, a much simpler type of frequency meter is used for determining the frequency of the AC produced by aircraft alternators. These frequency meters use a series of metal reeds of different lengths. The centre reed has a resonant frequency of exactly 400 hertz while the reeds on one side have a higher resonant frequency, and those on the opposite side have a lower resonant frequency.
 Alternating current flows through a coil that is wound around the fixture holding the reeds. The magnetic fields generated by the AC cause the fixture to vibrate at the applied AC frequency. The reed whose natural resonant frequency is that of the AC vibrates with a large amplitude and shows up as a blur. The other reeds remain stationary or move with far less amplitude.
 VIbrating‐reed type frequency meter
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 FREQUENCY COUNTERS Frequency counter is a necessary instrument to check that certain circuit operated at the right frequency. Frequency counter is a useful tool when you need to tune oscillators, measure some input signal frequency and when you handle radio devices. Inexpensive frequency counters that will measure frequency well into the microwave range are available to the hobbyist today. A frequency counter is an excellent means of accurately determining the frequency of unknown signals, or to see if an oscillator or a multiplier stage in a receiver or transmitter is working. However, one must watch out as what is really being measured and exactly what the counter is "seeing". Figure shows the block diagram of a simple frequency counter. Although referred to as "simple," this basic counter is capable of great precision if the parts are constructed properly. The frequency counter operates on the principle of gating the input frequency into the counter .for a predetermined time. As an example, if an unknown frequency were-gated into the counter for an exact 1 second (s), the number of counts allowed into the counter would be precisely the frequency of the input The term gated stems from the fact that art AND or an OR gate is used to allow the unknown input into the' counter to be accumulated. Another figure shows the waveforms associated with this action. This example shows an AND gate; however, an OR gate could be used in a similar circuit. A positive-going pulse having a period of exactly l sec is applied to one input of the AND gate. As long as the l-sec pulse is a logic 1, the output of the AND gate is the same as the unknown input When the 1-sec pulse returns to 'logic 0, the output of the AND gate is zero.' Thus, exactly 1 s of unknown input pulses is allowed at the output of the AND gate. It is necessary, to count these pulses and display the result. If the gate is open for exactly 1 s, the count accumulated is equal to the average frequency of the unknown input in hertz (Hz). If, as an example, the gate was open for 10 s, the accumulated count would be the average frequency in 0.1 Hz. Likewise, if the gate were open for 0.1 s, the count would be the average frequency in tens of hertz. When a frequency counter has more than one gate time interval available, the decimal point of the display is switched with the gate time selector switch to correct the frequency display.
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 Binary Counters Operation of digital computers usually requires a circuit that can count electric pulses, time intervals, or keep track of memory addresses. Exact timing between machine functions can be accomplished by using a counter which keeps track of clock pulses between the end of one function and the start of another. Most counters are made by interconnecting flip-flops. Each flip-flop in a counter has two possible output states, "1" or "0". The maximum number of possible combinations of states for a counter is called the modulus. A counter with N flip-flops cannot have a modulus higher than 2N• In the examples shown, the counters described will be counting clock pulses. This is for convenience of description. Asynchronous Ripple counter Four flip-flops connected as shown can count from 0 to 16 (max count 2N or 24) . The first flip-flop changes state on the trailing edge of each clock pulse. The second flip-flop changes state every time the first flip-flop changes from 1 to O. The other flip-flops change state when the previous flip-flop output changes from 1 to O. Output waveforms at Qa through Qb are shown compared to the clock. Count to 16 operation can be seen as the output of the last flip-flop (Qd) makes its 1 to 0 transition after the 16th clock pulse. A binary representation of the clock pulse number can be observed at the Q outputs. An example is after clock pulse 7, Qa is 1, Qb is 1, Qc is 1, and Qd is a 0 (Qa is LSB and Qd is MSB). This represents binary 7 indicating the 7th clock pulse has occured. After 16 clock pulses have occurred, the counter outputs are all zero and the count starts again.
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 MODULUS 10 COUNTER A modulus 10 counter sequentially counts from 0 to 10, resets to 0 and counts to 10 again as long as clock pulses are present. Circuit operation is similar to the asynchronous counter. Outputs of an asynchronous counter are detected and used to clear the counter. Outputs from Qb and Qd are input to a NAND gate whose output is connected to all of the clear inputs to the flip-flops. When count 10 is reached (binary 1010) Qb and Qd are high causing the NAND gate output to instantly go high and clear the counter to O. The counter continually counts from 0000 to 1010 and resets. Counters of different modulus value can be easily be constructed by detecting the binary number at the count desired and causing a low to reset the flip-flops.
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 RF POWER METER Power meters for measuring radio frequency power levels are an essential tool for any RF design, test or repair laboratory. In fact the use of RF power meters increases as the frequency of signals increases. RF power measurement is a key parameter to measure to determine the operation of a circuit at RF or microwave frequencies. This is because as the frequency rises, detecting voltage and current is less easy to undertake. Additionally, RF power is one of the key parameters of interest as RF circuits need to deliver power of various levels into other circuits or loads. Accordingly these test instruments are used in conjunction with work on radio receivers, transmitters and RF circuits of all types from cellular and broadcast transmitting to domestic radio and television receiver design. In view of this fact, RF power is widely used in the specification of components and interfaces. Typically, input ports will have maximum power levels specified, and outputs will be characterised in terms of the output RF power they can deliver. Naturally other parameters including impedance and the like are also provided, but power is one of the most universal RF measurements. RF power is not always easy to measure. There are several methods of measuring RF power, each one having its own advantages and disadvantages. Accordingly the type of power sensor used will depend upon the type of signal to be measured. Some types of sensor technology will be more applicable to low powers, others to modulation techniques where the envelope varies and so forth. Typically, a power meter will comprise a unit where all the control and processing circuitry is contained, but the power itself will be detected in what is normally termed a sensor or "head". Thus it may be possible for a power meter to utilise one of a number of power heads according to the exact requirements, particularly with respect to power. It is important to note that power meters act as a load for the RF power which is absorbed by the head. This high power meters have large loads that can dissipate the required level of power. Alternatively a small portion of the power can be extracted by means of a coupler, or by using a high power attenuator so that the power rating of the RF power meter head is not exceeded. RF Power Meter Sensors The power sensors are the key element of any RF power meter, and the choice of the type of sensor will depend on the likely applications that are envisaged. The RF power meter technologies fall into one of two basic categories: Heat based Diode detector based
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 Heat based RF power meter sensors As the name suggests, heat based sensors dissipate the power from a source in a load and then measured the resulting temperature rise. To achieve this these RF power meters sensors use thermistors and thermocouples. The heat based RF power sensors have the advantage that they are able to measure the true average power as the heat dissipated is the integral of the power input over a period of time. As a result these RF power sensors measure the RF power level independent of the waveform. Thus the measurement is true regardless of whether the waveform is CW, AM, FM, PM, pulsed, has a large crest factor, or consists of some other complex waveform. This is a particular advantage in many instances, especially as QAM, and other forms of phase modulation are being increasingly used and as these do not have a constant envelope. In view of the time constant with these RF power sensors, they are not suitable for measuring instantaneous values. Where these measurements are required, other types of sensor may be more suitable. Diode detector based RF power meter sensors The other form of RF power sensor used in RF power meters, employs diode rectifiers to produce an output. Again these sensors dissipate the power in a load, but they measure the voltage, which can then be converted into a figure for the RF power. The RF power sensors have two major advantages. The first is that they are able to measure signals down to very low levels of power. Some of these diode based RF power sensors are able to measure power levels as low as -70 dBm. This is much lower than is possible when using heat based RF power sensors. The other advantage of diode based RF power meter sensors, is the fact that they are able to respond more quickly than the heat based varieties. In some older power meters, the output from the diode RF power sensor will be processed in a simple way, but far more sophisticated processing of the readings can be made using digital signal processing techniques. In this way the readings can be processed to give the results in the required format, integrating over time is necessary, or having faster more instantaneous readings if needed.
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 Heat based RF power meter sensors Bolometers are power sensors that operate by changing resistance due to a change in temperature. The change in temperature results from converting RF or microwave energy into heat within the bolometric element. There are two principle types of bolometers, barretters and thermistors. A barretter is a thin wire that has a positive temperature coefficient of resistance. Thermistors are semiconductors with a negative temperature coefficient. To have a measurable change in resistance for a small amount of dissipated RF power, a barretter is constructed of a very thin and short piece of wire, for example, a 10 mA instrument fuse. The maximum power that can be measured is limited by the burnout level of the barretter, typically just over 10 mW, and they are seldom used anymore.
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 The thermistor sensor used for RF power measurement is a small bead of metallic oxides, typically 0.4 mm diameter with 0.03 mm diameter wire leads. Thermistor characteristics of resistance vs. power are highly non-linear, and vary considerably from one thermistor to the next. Thus the balanced-bridge technique always maintains the thermistor element at a constant resistance, R, by means of DC or low frequency AC bias. As RF power is dissipated in the thermistor, tending to lower R, the bias power is withdrawn by an equal amount to balance the bridge and keep R the same value. The decrease in bias power should be proportional to the increase in RF power. That decrease in bias power is then displayed on a meter to indicate RF power. Thermistor sensors Thermistor elements are mounted in either coaxial or waveguide structures so they are compatible with common transmission line systems used at microwave and RF frequencies. The thermistor and its mounting must be designed to satisfy several important requirements so that the thermistor element will absorb as much of the power incident on the mount as possible. First, the sensor must present a good impedance match to the transmission line over the specified frequency range. The sensor must also have low resistive and dielectric losses within the mounting structure because only power that is dissipated in the thermistor element can be registered on the meter. In addition, mechanical design must provide isolation from thermal and physical shock and must keep leakage small so that microwave power does not escape from the mount in a shunt path around the thermistor. Shielding is also important to prevent extraneous RF power from entering the mount. Modern thermistor sensors have a second set of compensating thermistors to correct for ambient temperature variations. These compensating thermistors are matched in their temperature-resistance characteristics to the detecting thermistors. The thermistor mount is designed to maintain electrical isolation between the detecting and compensating thermistors yet keeping the thermistors in very close thermal contact. Coaxial Thermistor Sensors The 478A and 8478A thermistor mounts (thermistor mount was the earlier name for sensor) contain four matched thermistors, and measure power from 10 MHz to 10 and 18 GHz. The two RF-detecting thermistors, bridge-balanced to 100 Ω each, are connected in series (200 Ω) as far as the DC bridge circuits are concerned. For the RF circuit, the two thermistors appear to be connected in parallel, presenting a 50 Ω impedance to the test signal. The principle advantage of this connection scheme is that both RF thermistor leads to the bridge are at RF ground. Compensating thermistors, which monitor changes in ambient temperature but not changes in RF power, are also connected in series. These thermistors are also biased to a total of 200 Ω by a second bridge in the power meter, called the compensating bridge. The compensating thermistors are completely enclosed in a cavity for electrical isolation from the RF signal. But they are mounted on the same thermal conducting block as the detecting thermistors. The thermal mass of the block is large
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 enough to prevent sudden temperature gradients between the thermistors. This isolates the system from thermal inputs such as human hand effects.
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 Diode Detector Principles Diodes convert high frequency energy to DC by way of their rectification properties, which arise from their nonlinear current-voltage (i-v) characteristic. It might seem that an ordinary silicon p-n junction diode would, when suitably packaged, be a sensitive RF detector.
 The simplified circuit of represents an unbiased diode device for detecting low level RF signals. Detection occurs because the diode has a nonlinear i-v characteristic; the RF voltage across the diode is rectified and a DC output voltage results. If the diode resistance for RF signals were matched to the generator source resistance, maximum RF power would be delivered to the diode. However, as long as the RF voltage is impressed across the diode, it will detect RF voltage efficiently. For reasons explained below, diode resistance for small RF signals is typically much larger than 50 Ω and a separate matching resistor is used to set the power sensor’s input termination impedance. Maximum power transfers to the diode when the diode resistance for small RF voltages is matched to the source resistance. The diode resistance Ro is a strong function of temperature which means the diode sensitivity and the reflection coefficient are also strong functions of temperature. To achieve less temperature dependence, Ro is much larger than the source resistance and a
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 50 Ω matching resistor serves as the primary termination of the generator. If Ro of the diode were made too large, however, there would be poor power conversion from RF to DC; thus, a larger Ro decreases sensitivity. A compromise between good sensitivity to small signals and good temperature performance results from making Is about 10 microamps and Ro between 1 and 2k Ω. Schottky metal-semiconductor junctions can be designed for such a low-barrier potential.
 VOLTAGE MEASUREMENT Radio-frequency energy is essentially AC voltage, except that the frequency involved are much greater than that which would be experienced in audio-frequency amplifiers, or control systems. Radio frequencies extend well into the gigahertz region, where it is difficult to amplify and great care must be taken because normal components are often useless. Radio-frequency voltage is measured by rectifying the alternating voltage and amplifying the resulting dc output. Because of the difficulty in amplifying the RF signal itself, the RF voltage is first rectified and the de output is amplified. The diodes used to rectify the RF waveform are not like the rectifiers used in a conventional ac meter. The diodes used to rectify the RF signal are either Schottky barrier or point contact diodes. Conventional junction diodes with small geometries can be used for lower frequencies, but most detector diodes are not PN junction diodes. There are two significant problems with diodes used for RF rectification. First, most diodes have excessive capacitance for high-frequency RF rectification, and, second, most diodes have excessive reverse recovery time. When diodes are operated at low forward-biased potentials, the rectified output does not equal the peak of the input. This means that for rather low amplitude RF voltages the resulting DC output is even lower, and a chopper-stabilized amplifier or other amplifier stabilized for dc drifts is required. Figure below shows a block diagram of a sensitive RF millivoltmeter. The actual RF rectifier or detector is usually mounted on a probe so that measurements can be made with the least amount of interconnecting RF cable, as even the
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 losses of coaxial cable can cause significant errors at very high frequencies. The detected output is in the very low millivolt region, and often even lower, and is amplified via a chopper-stabilized amplifier, digitized and displayed on a digital readout.
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 The type of measurement made by the RF millivoltmeter depends on the type of probe used. Voltage measurements are made with a probe similar to the one shown in Figure above. Voltage measurements are made with a relatively high impedance, but some capacitance is inescapable. This probe would be used within circuits where the impedances vary and the circuit cannot be isolated and terminated externally.
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 STANDING WAVE RATIO/VSWR Distribution of the voltage (or current) along a transmission line can usefully be defined in terms of the ratio of the standing voltage maximum (standing current maximum) to the standing voltage minimum (standing current minimum). This quantity is termed the Standing Wave Ratio and, more generally, since voltages are considered, the Voltage Standing Wave Ratio (VSWR). The standing wave ratio S = Standing V max/Standing Vmin, where standing V max is the sum of the incident (VI) and the reflected (VR) voltages and standing V min is the difference between VI and VR and thus
 From the equation It is seen that a VSWR = 1 indicates that there is no reflection whilst a very high VSWR indicates that
 the reflected voltage almost equals the incident voltage. Assuming zero attenuation along the line, the VSWR will be infinite when the line is terminated in either an open or short circuit. For a mismatched example below the ratio
 thus producing a VSWR of 3 : 1. Measurement of VSWR will indicate the existence of reflected waves on the line which, in turn, will indicate the degree of mismatch between the transmitter and load. Losses along the transmission line will attenuate the incident and reflected signals thus the VSWR will vary along the line. If, as an extreme example, the incident signal is completely attenuated along the line, there can be no reflection from the load, In this example even though a oomplete mismatch may exist at the load, the VSWR measured at the sending end will be 1, i.e. a perfect match. In practice, a VSWR of 1 cannot be achieved and in carrying out tests and adjustments on aerials, the lowest practical VSWR is sought. If an aerial is to operate over a band of frequencies, e.g. 118 Mhz to 136 MHz, it is preferable to obtain a VSWR which is acceptable throughout the frequency band even though this may not be the minimum obtainable value at certain frequencies. Antennas are generally designed to have near 1 VSWR at the centre of the operating range of frequencies.
 There are a number of ways VSWR or its effects can be described and measured. Different terms such as reflection coefficient, return loss, reflected power, and transmitted power loss are but a few. They are not difficult concepts to understand, since in most instances they are different ways of saying the same thing. The proportion of incident (or forward) power which is reflected back toward the transmitter by a mismatched antenna is called reflected power and is determined by the reflection coefficient at the antenna. The reflection coefficient "p" is simply a measure of this mismatch seen at the antenna by the feedline and is equal to:
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 P =(Z1-Zo)/(Z1+Zo)
 Here Z1 is the antenna impedance and Zo is the feeder-line impedance. Both Z1 and Zo are complex numbers so "p" is also a complex number.
 UNMATCHED LINE
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 VSWR BRIDGE METER A line’s standing waves may be measured by wheat-stone bridge circuit which takes into account the line impedance and measures the amount of reflection of waves by the state of balance of the bridge with a voltmeter. . In the example below is the generator or transmitter which must supply a small amount of RF power on the exact frequency at which the feeder and antenna system must operate. Rl and R2 are resistors which are of equal value and are in parallel with the line. R3 is equal to the line impedance. The line and load are effectively at ground potential (ZL). This network compares the impedance of the transmission line with tile impedance of R3 which must have the same resistance as the impedance of line. If the impedance of the line differs from the nominal value the potential drop across the diode increases, giving a reading on the meter which increases as the VSWR increases. In some VSWR bridge R3 is provided with an alternate value such as 50 ohms, 70 ohms to obtain measurements on lines of different impedance values.. The resistance of Rl and R2 is not critical, but Rl must equal R2. To measure the VSWR of various antennae and feeders which .operate on different frequencies it is necessary to provide oscillators which operate on frequencies, Normally a few watts is the maximum amount of power necessary to carry out VSWR measurement of a feeder and antenna. Where an unearthed system is used, or balanced lines feed an antenna, two bridges and two diodes are employed to feed the VSWR meter back to back.
 The SWR bridge compares the voltage across a transmission line with the current flowing in it, like measuring resistance (or impedance). The typical commercial SWR bridge is a bridge circuit which is balanced for 50 ohms, that is when the line 'sees' 50 ohms the bridge is balanced and the "reflected" power indication is zero. To achieve balance, the voltage across the line (in volts) has to be fifty times the value of the current in the line (in amps) and the voltage and current must be in phase, that is the positive peaks of the voltage across the line and the current in the line must coincide precisely.
 The accuracy of the bridge is of the order of 10%. The effect of a standing wave on the line causes the magnitude of the impedance to vary along the line with the maximum value being equal to Zo X SWR and the minimum value equal to Zo/SWR. Thus the indicated SWR will vary depending on the length of the feeder. For the most accurate results, it is therefore necessary to connect the bridge directly to the aerial connector when measuring aerial VSWR. Feeders should
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 be checked with a compatible load termination such that any measured VSWR is known to be as a result of the feeder itself.
 ZL = R1=R2=R3=50 ohms
 VSWR Bridge
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 TIME DOMAIN REFLECTOMETER If a cable is metal and it has at least two conductors, it can be tested by a TDR. TDRs will troubleshoot and measure all types of twisted pair and coaxial cables, both aerial and underground.
 TDRs are used to locate and identify faults in all types of metallic paired cable. TDRs can locate major or minor cabling problems including; sheath faults, broken conductors, water damage, loose connectors, crimps, cuts, smashed cables, shorted conductors, system components, and a variety of other fault conditions. In addition, TDRs can be used to test reels of cable for shipping damage, cable shortages, cable usage, and inventory management. The speed and accuracy of the time domain reflectometer makes it today's preferred method of cable fault location.
 IMPEDANCE Any time two metallic conductors are placed close together, they form a cable impedance. A TDR looks for a change in impedance which can be caused by a variety of circumstances, including cable damage, water ingress, change in cable type, improper installation, and even manufacturing flaws. The insulating material that keeps the conductors separated is called the cable dielectric. The impedance of the cable is determined by the spacing of the conductors from each other and the type of dielectric used.
 If the conductors are manufactured with exact spacing and the dielectric is exactly constant, then the cable impedance will be constant. If the conductors are randomly spaced or the dielectric changes along the cable, then the impedance will also vary along the cable. A TDR sends electrical pulses down the cable and samples the reflected energy. Any impedance change will cause some energy to reflect back toward the TDR and will be displayed. How much the impedance changes, determines the amplitude of the reflection.
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 PULSE WIDTHS
 Many TDRs have selectable pulse width settings. The larger the pulse width, the more energy is transmitted and therefore the further the signal will travel down the cable. Pulse widths may include 2 nsec, 10 nsec, 100 nsec, 1000 nsec, 2000 nsec, and 4000 nsec. A TDR may contain only one or all of the pulse width settings.
 NOTE: Even when testing very long lengths of cable, always start the fault finding procedure in the shortest pulse width available, as the fault may be only a short distance away. If the fault is not located, switch to the next larger pulse width and retest. Keep switching to the next larger pulse until the fault is located.
 Sometimes larger pulse widths are helpful even for locating faults that are relatively dose. If the fault is very small, the signal strength of a small pulse may not be enough to travel down the cable, " see" the fault, and travel back. The attenuation of the cable combined with the small reflection of the partial fault can make it difficult to detect. A larger pulse width would transmit more energy down the cable, making it easier to see the small fault.
 BLIND SPOTS
 The pulse generated by the TDR takes a certain amount of time and thus distance to launch. This distance is known as the blind spot. The length of the blind spot varies with the pulse width. The larger the pulse width, the larger the blind spot.
 It is more difficult to locate a fault contained within the blind spot. If a fault is suspected within the first few feet of cable, it is advisable to add a length of cable between the TDR and the cable being tested. Any faults that may have been hidden in the blind spot can now easily be located. When adding a length of cable to eliminate the blind spot, remember the TDR is also reading the length of this jumper cable. The length of the jumper must be subtracted from the cable when measuring from the point of connection. It is best if the jumper cable is the same impedance as the cable under test. The quality of the connection is an important factor regardless of the type of connection or jumper being used.
 PRINCIPLE OF OPERATION OF TDR
 The TDR works on the same principle as radar. A pulse of energy is transmitted down a cable. When that pulse reaches the end of the cable, or a fault along the cable, part or all of the pulse energy is reflected back to the instrument.
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 The TDR measures the time it takes for the signal to travel down the cable, see the problem, and reflect back. The TDR then converts this time to distance and displays the information as a waveform and/or distance reading.
 TYPES OF TDRs
 There are two ways a TDR can display the information it receives. The first and more traditional method is to display the actual waveform or "signature" of the cable. The display, which is either a CRT or an LCD, will display the outgoing (transmitted) pulse generated by the TDR and any reflections which are caused by impedance discontinuities along the length of the cable.
 The second type of display is simply a numeric readout which supplies the distance indication in feet or meters to the first major reflection caused by an impedance change or discontinuity. Some instruments also display if the fault is an OPEN or SHORT indicating a HIGH IMPEDANCE change or a LOW IMPEDANCE change respectively.
 Traditional Waveform TDRs supply more information than do the digital numeric versions. However, the simplified digital models are less expensive and easier to operate. Costing only a fraction of a traditional TDR, many simplified digital TDRs are just as accurate and can locate most major cable faults.
 The system operates on the principle that any impedance discontinuity along the transmission line will produce a reflection. The method consists of applying a very fast rise-time step voltage to the input of the system under test and monitoring the applied (incident) and reflected voltages on an oscilloscope. This technique shows the characteristic impedance of the line, the position and nature (resistive, inductive or capacitive) of each discontinuity along the line and also whether line losses are series or shunt. The advantage of the system over simple VSWR measurement is that it provides a detailed examination of the line whereas VSWR only gives an overall figure from which, in effect, a figure of merit is established for the transmission system. The following Figure shows the arrangement for TDR measurements.
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 SIGNAL GENERATORS There are many types of signal generators. They are classified by use and the frequency range covered as AUDIO-FREQUENCY (AF) GENERATORS, VIDEO SIGNAL GENERATORS, RADIO-FREQUENCY (RF) GENERATORS, FREQUENCY-MODULATED RF GENERATORS, and other special types, which combine frequency ranges. AF SIGNAL GENERATOR Audio signal uses RC phase-shift network to achieve 180 degrees phase reversal of the output signal before it is fed back to the input of the oscillator circuit to. This results in regenerative feedback to sustain oscillations. In a single C-R network as shown in Figure, the phase shift between Vout and Vin will be between 00 and 900, depending on the values of C, R and frequency. At one particular frequency, the phase shift is 600. Three such networks in cascade can therefore produce a phase shift of 1800, the frequency being f = 1 / 2Π √6CR. At f = 1/ 2Π √6CR, the attenuation of the feedback network is a factor of 29. Hence a minimum gain of 29 is required from the amplifier to produce a loop gain (Aβ) of unity and sustained oscillations. The main application of phase-shift oscillators in radio communications equipment is as MCW ('modulated continuous wave') 'tone' oscillators in transmitters where they produce constant frequency of outputs, typically of 1kHz. Phase-shift oscillators are more suitable than tuned circuit oscillators for this purpose as the latter have to employ coils of high inductance to obtain low resonant frequencies, and this makes them bulkier and heavier. Resistance-Capacitance oscillators are commonly used in low frequency signal generators.
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 WIEN BRIDGE OSCILLATOR The Wien bridge oscillator is one of the standard circuits used to generate sine-wave signals in the audio frequency range. The Wien bridge provides a combination of variable frequency range and stable output in a reliable, inexpensive instrument, The AF signal generator usually consists of a feedback amplifier with a Wien bridge as the feedback network, forming the oscillator section, with the addition of a power amplifier for isolation.
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 Filter circuits are classified according to their frequency response characteristic into: low-pass filters, high-pass filters, bandpass filters band elimination filters. For oscillator applications bandpass and band elimination filters are used for determining the oscillator frequency. A suitable bandpass filter network employing resistors and capacitors is the 'Wien' RC bandpass filter which is named after its inventor. In this circuit, resistors Rl and R2 have equal resistance values R, and the values of the capacitors Cl and C2 are also equal. Since R1 = R2 = R and Cl = C2 = C, there is a characteristic frequency fo of this circuit which is determined by the
 formula: If signals at frequencies below this characteristic frequency fo are applied to the circuit, capacitor C1 and resistor R2 form a high-pass which discriminates these low-frequency signals. If signals at frequencies above this characteristic frequency fo are applied to the circuit, resistor R1 and capacitor C2 form a low-pass which discriminates these high frequency signals.
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 At frequency fo the 'Wien' RC network acts as voltage divider formed by impedance Z1, comprising R1 and C1 in series, and impedance Z2, comprising R2 and C2 in parallel. Input voltage Ui equals voltage Uac of the voltage divider and output voltage Uo corresponds to voltage Ubc. At characteristic frequency for the value of the capacitive resistor equals the value of the ohmic resistor (Xc = R) in both parts of the voltage divider. For this reason, impedances Z1 and Z2 generate a phase shift angle of 450, each; Z1 generates a phase shift angle of - 450, and Z2 generates a phase shift angle of +450. These relations are shown by means of the vector diagrams of Z1 and Z2 at the characteristic frequency fo. Due to the phase shift caused by the two impedances, -450 and +450, the total phase shift between input voltage Ui and output voltage Ubc is 00. That means, no phase shift exists between input and output voltage. It can be proved mathematically that at resonant frequency there exists a definite ratio between input voltage Uac and output voltage Ubc: Ubc = 1/3 Uac.
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 'Wien' Oscillator Circuit Diagram A 'Wien' oscillator also contains the four basic circuits that is: Feedback circuit; Input circuit; Amplifier circuit; Output circuit. The 'Wien' RC network forms the feedback (R1, C1) and the input circuit (R2, C2). These two circuits determine the oscillator frequency. The amplifier circuit contains two stages of transistor amplifier circuits. The gain of this amplifier is controlled by means of degenerative feedback. The output circuit, employing C5, RL1, and RL2, supplies an adjustable signal output voltage. At the characteristic frequency fo the 'Wien' RC network ensures a phase shift angle of 00 between applied voltage Uac and supplied voltage Ubc. Since the voltage Ubc equals 1/3 of the voltage Uac the gain factor of the amplifier must be 3 in order to maintain oscillation. Thus the requirement to permanently replace the energy losses of the circuit is fulfilled. The other requirement for sustained oscillation is met by the fact that the amplifier is built up by two transistor stages. Each of these stages produces a phase shift of 1800. The entire amplifier provides a phase shift of 3600 which corresponds to 00. Thus, the voltage feedback from the output circuit is in phase with the excitation voltage at the input circuit of the amplifier.
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 RADIO-FREQUENCY (RF) SIGNAL GENERATORS
 A typical RF signal generator contains three main sections: an OSCILLATOR CIRCUIT, a MODULATOR, and an OUTPUT CONTROL CIRCUIT. The modulator modulates the RF signal of the oscillator. In addition, most RF generators are provided with connections through which an external source of modulation of any desired waveform can be applied to the generated signal. Metal shielding surrounds the unit to prevent signals from the oscillator from affecting the circuit under test.
 A block diagram of a representative RF signal generator is shown. The function of the oscillator stage is to produce a signal that can be accurately set in frequency at any point within the range of the generator. The type of oscillator circuit used depends on the range of frequencies for which the generator is designed. In lower frequency RF signal generators, the oscillating circuit consists of one of a group of coils combined with a variable capacitor. One of the coils is selected by the position of a range selector switch that connects the coil to a capacitor to provide an inductance-capacitance circuit. The inductive-capacitance circuit then has the correct range of resonant frequencies.
 RF signal generator block diagram.
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 The function of the modulator is to produce an audio (or video) modulating signal that can be superimposed on the RF signal produced by the oscillator. The modulating signal may be provided by an audio oscillator within the generator. This is termed INTERNAL MODULATION. It may also be derived from an external source. This is termed EXTERNAL MODULATION. In some signal generators, either of these two methods of modulation can be employed. In addition, a means of disabling the modulator section is available so that the pure, unmodulated signal from the oscillator can be used when desired.
 The type of modulation selected depends on the application of the particular signal generator. The modulating signal may be a sine wave, a square wave, or pulses of varying duration. In some special generators, provision is made for pulses over a wide range of repetition rates and widths.
 The output circuit of the RF signal generator usually contains a calibrated attenuator and an output level meter. The output level meter provides an indication and permits control of the output voltage of the generator. The attenuator allows you to select the amount of this output. The attenuator is made up of a group of resistors that form a voltage-dropping circuit.
 It is controlled by a control calibrated in microvolts. When the control is adjusted so that the output meter reads unity (1.0), the reading on the attenuator control gives the exact value (no multiplication factor) of the output in microvolts. If an output voltage at a lower value is desired, the attenuator control is varied until the meter indicates some decimal value less than 1. This decimal is multiplied by the attenuator reading to give the actual output in microvolts. The HP 8640B signal generator covers the frequency range of 500 kilohertz to 512 megahertz, and can be extended to 1,024 MHz by using adapters.
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 SWEEP FREQUENCY GENERATOR The sweep frequency generator provides a sinusoidal output voltage, usually in the RF range, whose frequency is smoothly and continuously varied over an entire frequency band, usually at a low audio rate. The elements of a simplified sweep frequency generator are given in figure. The heart of the instrument is the master oscillator whose frequency range can be selected by a range switch. This provides a number of frequency bands, where each band usually covers several octaves. For simplicity, the frequency sweeper is assumed to be a mechanical device that rotates the tuning capacitor in the LC master oscillator, causing repetitive sweeps over a complete frequency range. (This frequency sweeping can be electronically achieved). A manual frequency control allows independent manual adjustment of the master oscillator resonant frequency. The automatic .level control circuit is basically a closed-loop feedback system that monitors the RF level at some point in the measurement system. This circuit holds the forward power (power delivered to the load) constant with frequency and load Impedance variations. A constant power level ideally prevents any source mismatch and also provides a constant readout with frequency.
 TYPICAL USE OF THE TEST EQUIPMENT IN WORKS
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 OSCILLOSCOPES
 ANALOG OSCILLOSCOPE
 When you connect an oscilloscope probe to a circuit, the voltage signal travels through the probe to the vertical system of the oscilloscope. Following Figure is a simple block diagram that shows how an analog oscilloscope displays a measured signal.
 Analog Oscilloscope Block Diagram
 Depending on how you set the vertical scale (volts/div control), an attenuator reduces the signal voltage or an amplifier increases the signal voltage.
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 Next, the signal travels directly to the vertical deflection plates of the cathode ray tube (CRT). Voltage applied to these deflection plates causes a glowing dot to move. (An electron beam hitting phosphor inside the CRT creates the glowing dot.) A positive voltage causes the dot to move up while a negative voltage causes the dot to move down.
 The signal also travels to the trigger system to start or trigger a "horizontal sweep." Horizontal sweep is a term referring to the action of the horizontal system causing the glowing dot to move across the screen. Triggering the horizontal system causes the horizontal time base to move the glowing dot across the screen from left to right within a specific time interval. Many sweeps in rapid sequence cause the movement of the glowing dot to blend into a solid line. At higher speeds, the dot may sweep across the screen up to 500,000 times each second.
 Together, the horizontal sweeping action and the vertical deflection action traces a graph of the signal on the screen. The trigger is necessary to stabilize a repeating signal. It ensures that the sweep begins at the same point of a repeating signal, resulting in a clear picture as shown in following figure.
 Triggering Stabilizes a Repeating Waveform
 In conclusion, to use an analog oscilloscope, you need to adjust three basic settings to accommodate an incoming signal: The attenuation or amplification of the signal. Use the volts/div control to adjust the amplitude of the signal before it is applied to the vertical deflection plates.
 • The time base. Use the sec/div control to set the amount of time per division represented horizontally across the screen. • The triggering of the oscilloscope. Use the trigger level to stabilize a repeating signal, as well as triggering on a single event.
 Also, adjusting the focus and intensity controls enables you to create a sharp, visible display.
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 DIGITAL OSCILLOSCOPE
 Some of the systems that make up digital oscilloscopes are the same as those in analog oscilloscopes; however, digital oscilloscopes contain additional data processing systems. With the added systems, the digital oscilloscope collects data for the entire waveform and then displays it.
 When you attach a digital oscilloscope probe to a circuit, the vertical system adjusts the amplitude of the signal, just as in the analog oscilloscope.
 Next, the analog-to-digital converter (ADC) in the acquisition system samples the signal at discrete points in time and converts the signal's voltage at these points to digital values called sample points. The horizontal system's sample clock determines how often the ADC takes a sample. The rate at which the clock "ticks" is called the sample rate and is measured in samples per second.
 The sample points from the ADC are stored in memory as waveform points. More than one sample point may make up one waveform point.
 Together, the waveform points make up one waveform record. The number of waveform points used to make a waveform record is called the record length. The trigger system determines the start and stop points of the record. The display receives these record points after being stored in memory.
 Depending on the capabilities of your oscilloscope, additional processing of the sample points may take place, enhancing the display. Pretrigger may be available, allowing you to see events before the trigger point.
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 Digital Oscilloscope Block Diagram
 Fundamentally, with a digital oscilloscope as with an analog oscilloscope, you need to adjust the vertical, horizontal, and trigger settings to take a measurement.
 Sampling Methods
 The sampling method tells the digital oscilloscope how to collect sample points. For slowly changing signals, a digital oscilloscope easily collects more than enough sample points to construct an accurate picture. However, for faster signals, (how fast depends on the oscilloscope's maximum sample rate) the oscilloscope cannot collect enough samples. The digital oscilloscope can do two things:
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 • It can collect a few sample points of the signal in a single pass (in real-time sampling mode) and then use interpolation. Interpolation is a processing technique to estimate what the waveform looks like based on a few points.
 • It can build a picture of the waveform over time, as long as the signal repeats itself (equivalent-time sampling mode).
 Real-Time Sampling with Interpolation
 Digital oscilloscopes use real-time sampling as the standard sampling method. In real-time sampling, the oscilloscope collects as many samples as it can as the signal occurs. See following figure for single-shot or transient signals you must use real time sampling.
 Real Time Sampling Diagram
 Digital oscilloscopes use interpolation to display signals that are so fast that the oscilloscope can only collect a few sample points. Interpolation "connects the dots."
 Linear interpolation simply connects sample points with straight lines. Sine interpolation (or sin x over x interpolation) connects sample points with curves. (See Following Figure) Sin x over x interpolation is a mathematical process similar to the "oversampling" used in compact disc players. With sine interpolation, points are calculated to fill in the time between the real samples. Using this process, a signal that is sampled only a few times in each cycle can be accurately displayed or, in the case of the compact disc player, accurately played back.
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 Linear and Sine Interpolation Diagram
 Equivalent-Time Sampling: Some digital oscilloscopes can use equivalent-time sampling to capture very fast repeating signals. Equivalent-time sampling constructs a picture of a repetitive signal by capturing a little bit of information from each
 repetition. (See Following Figure) You see the waveform slowly build up like a string of lights going on one-by-one. With sequential sampling the points appear from left to right in sequence; with random sampling the points appear randomly
 along the waveform.
 Equivalent-time Sampling Diagram
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 USE OF TEST EQUIPMENT IN AVIONICS WORKSHOP We will now see a few examples as to how various testers are used in an AVIONICS workshop.
 Use the Ohm Function to Measure Resistance
 1. 2.
 1 Set the multimeter to Ohms or Resistance (turn meter on if it has a separate power switch). Understand that resistance and continuity are opposites. The multimeter measures resistance in ohms, it cannot measure continuity. When there is little resistance there is a great deal of continuity. Conversely, when there is a great deal of resistance, there is little continuity. With this in mind, when we measure resistance we can make assumptions about continuity based on the resistance values measured. Observe the meter indication. If the test leads are not in contact with anything, the needle or pointer of an analog meter will be resting at the left most position. This represents an infinite amount of resistance, or an "open circuit"; it is also safe to say there is the no continuity, or path between the black and red probes. Careful inspection of the dial should reveal the OHM scale. It is usually the top-most scale and has values that are highest on the left of the dial (Symbol α) and gradually reduce to 0 on the right. This is opposite of the other scales; they have the lowest values on the left and increase going right.
 3. Connect the black test lead to the jack marked "Common" or "=" 4. Connect the red test lead to the jack marked with the Omega (Ohm symbol) or letter "R" near it. 5. Set the range (if provided) to R x 100.
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 6. Hold the probes at the end of the test leads together. The meter pointer should move fully to the right. Locate the "Zero Adjust" knob and rotate so that the meter indicates "0" (or as close to "0" as possible). Note that this position is the "short circuit" or "zero ohms" indication for this R x 1 range of this meter. Always remember to "zero" the meter immediately after changing resistance ranges.
 7. Replace batteries if needed. If unable to obtain a zero ohm indication, this may mean the batteries are weak and should be replaced. Retry the zeroing step above again with fresh batteries.
 8. Measure resistance of something like a known-good light bulb. Locate the two electrical contact points of the bulb. They will be the threaded base and the center of the bottom of the base. Have a helper hold the bulb by the glass only. Press the black probe against the threaded base and the red probe against the center tab on the bottom of the base. Watch the needle move from resting at the left and move quickly to 0 on the right.
 9. Change the range of the meter to R x 1. Zero the meter again for this range. Repeat the step above. Observe how the meter did not go as far to the right as before. The scale of resistance has been changed so that each number on the R scale can be read directly. In the previous step, each number represented a value that was 100 times greater. Thus, 150 really was 15,000 before. Now, 150 is just 150. Had the R x 10 scale been selected, 150 would have been 1,500. The scale selected is very important for accurate measurements. With this understanding, study the R scale. It is not linear like the other scales. Values at the left side are harder to accurately read than those on the right. Trying to read 5 ohms on the meter while in the R x 100 range would look like 0. It would be much easier at the R x 1 scale instead. This is why when testing resistance, adjust the range so that the readings may be taken from the middle rather than the extreme left or right sides.
 10. Test resistance between hands. Set the meter to the highest R x value possible. Zero the meter. Loosely hold a probe in each hand and read the meter. Squeeze both probes tightly. Notice the resistance is reduced. Let go of the probes and wet your hands. Hold the probes again. Notice that the resistance is lower still. For these reasons, it is very important that the probes do not touch anything other than the device under test. A device that has burned out will not show "open" on the meter when testing if your fingers provide an alternate path around the device, like when they are touching the probes. Testing round cartridge type and older style glass automotive fuses will indicate low values of resistance if the fuse is lying on a metal surface when under test. The meter indicates the resistance of the metal surface that the fuse is resting upon (providing an alternate path between the red and black probe around the fuse) instead of trying to determine resistance through the fuse. Every fuse, good or bad, will indicate "good". . When an ohmmeter is used, the circuit component to be tested must be isolated and the power source removed from the circuit.
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 Use the Volts Function to Measure Voltage
 1. Set the meter for the highest range provided for AC Volts. Many times, the voltage to be measured has a value that is unknown. For this reason, the highest range possible is selected so that the meter circuitry and movement will not be damaged by voltage greater than expected. If the meter were set to the 50 volt range and a common U.S. electrical outlet were to be tested, the 120 volts present could irreparably damage the meter. Start high, and work downward to the lowest range that can be safely displayed.
 2. Insert the black probe in the "COM" or "-" jack. 3. Insert the red probe in the "V" or "+" jack. 4. Locate the Voltage scales. There may be several Volt scales with different maximum values. The range by chosen the selector knob
 determines which voltage scale to read. The maximum value scale should coincide with selector knob ranges. The voltage scales, unlike the Ohm scales, are linear. The scale is accurate anywhere along its length. It will of course be much easier accurately reading 24 volts on a 50 volt scale than on a 250 volt scale, where it might look like it is anywhere between 20 and 30 volts.
 5. Press the black probe into one of the straight slots. It should be possible to let go of the black probe, as the contacts behind the face of the outlet should grip the probe, much like it does when a plug is inserted. Insert the red probe into the other straight slot. The meter should indicate a voltage very close to 120 or 240 volts (depending on type outlet tested). Remove the probes, and rotate the selector knob to the lowest range offered, that is greater than the voltage indicated (120 or 240). Reinsert the probes again as described earlier. The meter may indicate between 110 and as much as 125 volts this time. The range of the meter is important to obtain accurate measurements. If the pointer did not move, it is likely that DC was chosen instead of AC. The AC and DC modes are not compatible. The correct mode MUST be set. If not set correctly, the user would mistakenly believe there was no voltage present. This could be deadly. Be sure to try BOTH modes if the pointer does not move. Set meter to AC volts mode, and try again. Whenever possible, try to connect at least one probe in such a way that it will not be required to hold both while making tests. Some meters have accessories that include alligator clips or other types of clamps that will assist doing this. Minimizing your contact with electrical circuits drastically reduces chances of sustaining burns or injury.
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 Use the Amps Function to Measure Amperes
 1. Determine if AC or DC by measuring the voltage of the circuit as outlined above. 2. Set the meter to the highest AC or DC Amp range supported. If the circuit to be tested is AC but the meter will only measure DC amps (or vice-
 versa), stop. The meter must be able to measure the same mode (AC or DC) Amps as the voltage in the circuit, otherwise it will indicate 0. Be aware that most multimeters will only measure extremely small amounts of current, in the uA and mA ranges. 1 uA is .000001 amp and 1 mA is .001 amp. These are values of current that flow only in the most delicate electronic circuits, and are literally thousands (and even millions) of times smaller than values seen in the home and automotive circuits that most homeowners would be interested testing. Just for reference, a typical 100W / 120V light bulb will draw 0.833 Amps. This amount of current would likely damage the meter beyond repair. A "clamp-on" type ammeter would be ideal for the typical homeowner requirements, and does not require opening the circuit to take measurements (see below). If this meter were to be used to measure current through a 4700 ohm resistor across 9 Volts DC, it would be done as outlined below:
 3. Insert the black probe into the "COM" or "-" jack. 4. Insert the red probe into the "A" jack. 5. Shut off power to the circuit. 6. Open the portion of the circuit that is to be tested (one lead or the other of the resistor). Insert the meter in series with the circuit such that it
 completes the circuit. An ammeter is placed IN SERIES with the circuit to measure current. It cannot be placed "across" the circuit the way a voltmeter is used (otherwise the meter will probably be damaged). Polarity must be observed. Current flows from the positive side to the negative side. Set the range of current to the highest value.
 7. Apply power and adjust range of meter downward to allow accurate reading of pointer on the dial. Do not exceed the range of the meter, otherwise it may be damaged. A reading of about 2 milliamps should be indicated since from Ohm's law I = V / R = (9 volts)/(4700 Ω) = .00191 amps = 1.91 mA.
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 INSULATION TESTING
 Insulation testing is not simply a matter of measuring the resistance, in ohms, between two points that are reputedly in electrical contact. Under working conditions the insulation of an electrical installation is subjected to electrical stress. This stress can cause a reduction in effective resistance between the points under consideration. It is important that comparable conditions of electrical stress should be established when insulation resistance is being measured.
 Any insulation tester must have an output voltage that is equal to (and for preference appreciably higher than) the working voltage of the circuit under test. Insulation tests should be carried out after circuit installation and where specified in the Maintenance Manual. The test should be carried out with a 250 V tester. The output of the tester should be controlled so that the testing voltage cannot exceed 300 V. Insulation Testing Procedure
 Before beginning an insulation test the following preparations should be made:
 • All switches in the circuit concerned should be 'ON'.
 • All items of ancillary equipment, which are supplied by the system, should be disconnected. Filaments should be removed.
 • Components such as cutouts and relays, which are normally open, should have their terminals bridged.
 • Remove the appropriate fuse or trip the appropriate circuit breaker.
 • One lead of the tester should be connected to earth and the other to the terminal on the circuit side of the fuse
 holder or CB. The insulation resistance values are likely to vary with changes in the temperature and humidity of the local atmosphere. Results of tests and the weather conditions at the time should be recorded.
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 After Testing
 Immediately after an insulation test, functioning checks should be made on all the services subjected to the test. If the insulation test or subsequent functioning tests should reveal a fault, the fault should be rectified and the insulation and functioning tests should be repeated in that sequence on the affected circuits. Also remember to test the insulation tester before and after the test. Here are the tests:
 • Turn the handle with test leads touching and the reading should be - no resistance.
 • Turn the handle with the leads apart - the needle will move towards infinity. There is another type of insulation tester, which is not hand wound. This is the battery insulation tester.
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 DIGITAL MULTIMETERS
 In addition to the analogue multimeters, there are several digital multimeters, or DMMs that are used within the industry. In addition to the tasks an analogue meter can perform, several upper-end digital multimeters can measure frequency and test diodes. However, the primary difference between analogue and digital multimeters is the way the information is displayed.
 Resolution
 Resolution refers to how small a measurement a meter can make. The terms bits and counts are used to describe a meters resolution. Digital multimeters are grouped by the number of counts or digits they display. A 3-1/2 digit meter, for example, can display three full digits ranging from 0 to 9, and one half digit which displays a 1 or is left blank. Therefore, a 3-1/2 digit meter displays up to 1,999 counts of resolution. It is more precise to describe a meter by counts of resolution rather than by 3-1/2 or 4-1/2 digits. Today’s 3-1/2 digit meters may have enhanced resolution of up to 3,200 or 4,000 counts.
 Accuracy
 A meters accuracy is the largest allowable error that occurs under specific operating conditions. In other words, it is an indication of how close a meters displayed measurement is to the actual value of the signal being measured.
 Accuracy for a meter is usually expressed as a percent of reading. An accuracy of ±1 percent means that for a displayed reading of 100.0 volts, the actual value of the voltage could be anywhere between 99.0 volts to 101.0 volts. Specifications may also include a range of digits added to the basic accuracy specification. This indicates how many counts the digit to the extreme right of the display may vary. Therefore, an accuracy of ±(1 percent + 2) indicates that for a display reading of 100.0 volts the actual voltage is between 98.8 volts and 101.2 volts.
 For high accuracy and resolution, the digital display excels, showing three or more digits for each measurement. The analogue needle display is less accurate and has lower effective resolution since you must estimate values between the lines Some DMMs have a bar graph display. A bar graph shows changes and trends in a signal just like an analogue
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 A digital multimeter can have a great many special features that differ from an analogue multimeter.
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 Measuring Voltage
 One of the most basic tasks a multimeter performs is measuring voltage. Testing for proper supply voltage is usually the first thing measured when troubleshooting a circuit. If there is no voltage present, or if it is too high or too low, the voltage problem should be corrected before investigating further.
 The waveforms associated with AC voltages are either sinusoidal (sine waves) or non sinusoidal (sawtooth, square, ripple, etc.). DMMs display the root-mean-square, or RMS
 value of these voltage waveforms. The RMS value is the effective or equivalent DC value of the AC voltage. Most meters, called average responding, give accurate RMS readings if the AC voltage signal is a pure sine wave. Averaging meters are not capable of measuring non-sinusoidal signals accurately. Special DMMs, called true-RMS DMMs, accurately measure the correct RMS value, regardless of the waveform, and should be used for non sinusoidal signals.
 A DMMs ability to measure AC voltage can be limited by the frequency of the signal. Most DMMs can accurately measure AC voltages with frequencies from 50Hz to 500Hz, while others can measure AC voltages with frequencies from 20Hz to 100kHz. DMM accuracy specifications for AC voltage and AC current should state the frequency range of a signal the meter can accurately measure.
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 Measuring Resistance Resistance measurements allow a technician to determine the resistance of a conductor, the value of a resistor, or check the operation of a variable resistor. As you know, resistance is measured in ohms (Ω). Resistance values may vary from a few milliohms (mΩ) for contact resistance to billions of ohms for insulators. Most DMMs can measure a resistance as small as 0.1 ohm, and some measure as high as 300 megohm (300,000,000 ohms). Infinite resistance is read as OL on some displays and means the resistance is greater than the meter can measure. Open circuits also read OL on some displays. Resistance measurements must be made with the circuit power off. If power is left on, you may damage the meter and the circuit. Some DMMs provide protection in the ohms mode in case of accidental contact with voltages. The level of protection varies greatly between different models. For accurate low resistance measurements, the resistance in the test leads must be subtracted from the total resistance measured . Typical test lead resistance is between 0.2 and 0.5 ohms. If the resistance is greater than 1 ohm, they should be replaced. If a multimeter supplies less than 0.3 volts DC test voltage for measuring resistance, it can measure the values of resistors that are isolated in a circuit by diodes from semiconductor junctions. This often allows you to test resistors on a circuit board without unsoldering them. Continuity Continuity tests distinguish good fuses from bad ones, open or shorted conductors, the operation of switches, and facilitate the tracing of circuit paths. A DMM with a continuity beeper allows you to conduct many continuity tests easily and quickly. The meter
 beeps when it detects a closed circuit, so you don’t have to look at the meter as you test. The level of resistance required to trigger the beeper varies from model to model of DMM.
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 Measuring Current
 Current tests help determine circuit overloads, circuit operating currents, or current in different branches of a circuit. Current measurements are different from other measurements made with a multimeter in that current is measured in series, unlike voltage or resistance measurements, which are made in parallel. This allows the entire current being measured to flow through the meter. On most multimeters, the test leads must be plugged into a different set of input jacks to measure current.
 Safety Checklist: Meters must frequently be used in operating electric circuits. As a result, the risk of electric shock is often present. To avoid injury to personnel and damage to equipment, follow these basic safety rules when using measuring instruments.
 1. Use a meter that meets accepted safety standards. 2. Use a meter with fused current inputs and be sure to
 check the fuses before making current measurements. 3. Inspect test leads for physical damage before making a
 measurement. 4. Use the meter to check continuity of the test leads. 5. Only use test leads that have shrouded connectors and
 finger guards. 6. Only use meters with recessed input jacks. 7. Select the proper function and range for your
 measurement. 8. Follow all equipment safety procedures. 9. Always disconnect the hot (red) test lead first. 10. Don’t work alone. 11. Use a meter which has overload protection on the
 ohms function. 12. When measuring current without a current clamp, turn
 the power off before connecting into the circuit. 13. Be aware of high current and high voltage situations
 and use the appropriate equipment, such as high voltage probes and high current clamps.
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 FREQUENCY MEASUREMENT Absorption Wavemeter The names, wavemeter, frequency meter, an echo box, are used for a device that is a calibrated electric resonator, too resonant frequency of which can be adjusted to known values. Each is used to measure either the wavelength, or the frequency of a radio wave or 'electric oscillation’. When calibrated in units of centimeters or meters, the device is designated as a wave meter. The modern trend is to calibrate the device in units of cycles-per-second and designate it as a frequency meter.. Absorption-type wave meters operate on the principle that the energy in an L-C-R circuit is absorbed by an adjoining L-C-R circuit The amount of energy that is absorbed reaches a maximum value (coils fixed) wren each circuit under test, like the one shown in figure. Maximum current is indicated in too wave meter circuit by the indicator bulb glowing brightly. Therefore wavemeter is held in the vicinity of circuit under test and the dial of the variable capacitor, C, is adjusted until the greatest brilliancy is noted on the indicator bulb, The value of resonant frequency is determined from the dial on the variable capacitor. Absorption wave meters are not reliable for accurate measurements because they tend to detune the circuit under test..Since absorption wave meters tend to detune self-excited oscillator circuits wren coupled closely, care must be used to achieve the greatest degree of accuracy by making the final tuning adjustment when the wave meter is farthest from the tuned circuit under test, yet close enough to produce a visible (faint) glow on too indicator bulb. A well-designed tester uses coils and associated parts with high Q-factor ratings because the accuracy with which frequency can be determined with a wave meter depends heavily on the Q of the wave meter circuit and precision with which the capacitor dial can be calibrated. Wave meters can be operated as either absorption or reaction devices. For the latter purpose, a meter would be arranged in the source of RF. One practical way for arranging such a meter of is shown in the following figure. When the wavemeter is tuned to resonance in the vicinity of the circuit under test the lamp will turn on when the frequencies of the tuned circuits are close to each other’s. Lamp may be replaced by a meter driven by an amplifier.
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 HETERODYNE FREQUENCY METER The frequency meter is a frequency standard of high accuracy, The simplified block diagram shows the basic components of meter and indicates how they function. This meter is fundamentally a stable, self-excited heterodyne oscillator and has a separate crystal-controlled reference oscillator Zero beats are provided at several reference points between the two oscillators. The crystal oscillator serves to check the heterodyne oscillator frequency. A small trimmer capacitor is connected in parallel with the main tuning capacitor and serves to correct the frequency of the heterodyne oscillator at the nearest crystal check point, The beat frequency between two oscillators is detected, amplified, and fed to the headphones for aural indication, At zero beat, heterodyne oscillator frequency is correct for the dial setting as indicated in the calibration book, for the selected crystal check point. For transmitter adjustment, the heterodyne oscillator, after calibration, is combined with the RF signal input from the transmitter, Zero beat results when the transmitter is adjusted to the frequency of the oscillator. Aural indication is accomplished in the same manner as calibration of the heterodyne oscillator. The equipment may serve as a signal source for alignment and calibration of receivers, as .indicated.. After calibration to too nearest crystal check point, the output of the heterodyne oscillator is fed to the receiver An RF attenuator is provided for adjustment of the output
 signal level. The receiver is tuned to zero beat with the heterodyne oscillator, as indicated by the headphones' .in the output circuit of the receiver, By circuit switching the audio amplifier serves as a 500-cyc1s modulator. For A.M. input signals, receiver calibration is performed by tuning for maximum audio output. The output of the meter is too low for some maintenance uses for which less accurate signal generators with higher output power are provided.
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 RF POWER OUTPUT MEASUREMENT Of the many type in use to measure output power of Transmitters, all fall into one of two basic categories: i ) Current measuring ii) Voltage measuring Each type requires that the transmitter is working into an antenna, or to a load representing the antenna. To make accurate power measurement when connected to the antenna, it .is essential to know the radiation resistance of the antenna. Because this can vary with frequency it is preferable to disconnect the antenna and use a load resistor. Sometimes reference to the load resistor will be made by other names such as dummy antenna, dummy load or phantom antenna etc. To avoid reactance effects, use of a load resistor which .is non-inductive allows the transmitter to be tested on various frequencies. The load resistor must be selected to be of correct value and be able to dissipate the power applied to it by the transmitter,
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 MEASUREMENT OF LOSSES IN TRANSMISSION LINES
 In-Line Wattmeter (a) The in-line wattmeter should be compatible with the characteristic impedance of the line and be capable of covering the frequency range and the RF power of the system to be tested. Any additional lengths of test line used should have the correct characteristic impedance and be as short as possible, preferably a length which produces a total test section insertion of one half-wavelength or multiples thereof at the frequency used. (b) Initially the equipment should be connected with the wattmeter adjacent to the transmitter. With the system transmitting, the forward power should be noted. (c) The aerial feeder should be re-connected to the transmitter and the wattmeter should now be connected adjacent to the aerial, or adjacent to the aerial tuning unit for HF systems, and the forward power should again be noted with the transmitter on (CW or AM mode for HF systems). (d) The cable loss may be calculated from the formula:
 (e) Cable loss measurements should be carried out at the centre and ends of the frequency band at which the system operates. Attenuation of aerial feeders may be slightly more than quoted by manufacturers for a given frequency and length as a result of connectors, relays, etc., in the system. It is normal for the attenuation to rise with frequency because of the increase in capacitance loss.
 RF Power Meters
 The Coaxial Dynamics Model 81000-A RF POWER Wattmeter: Now you can measure RF Power in 50-Ohm coaxial cable and transmission lines, and accept plug-in elements in the range of 100 mW to 10 kW full scale, and from 0.45 to 2300 MHz. The series 81000 RF power meters come complete with a built-in line section, where Quick Match RF connectors for 50-Ohm cables and transmission lines offer the speed and reliability expected from Coaxial Dynamics.
 The 81000-A RF power meter is easy to use. Simply connect the Wattmeter between the transmitter and antenna or dummy load, plug in the appropriate measuring element and select forward or reflected direction. The RF power is directly displayed on the 4-1/2 inch triple scale meter.
 Versatile and strong, the Model 81000-A can be used with accessory cables up to 200 feet from the meter and is protected by a rugged, virtually indestructible shock-proof housing. For added convenience, two sockets for storage of additional elements are located on the back of the unit.
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 VSWR MEASUREMENT VSWR-bridge. This method uses an RF version of the Wheatstone bridge circuit to compare the unknown impedance seen at the input end of the system under test with a standard impedance (50 ohms). RF voltage at the appropriate frequency is applied across the bridge and adjusted to maintain constant level during the test. For this constant applied voltage, the out-of-balance voltage of the bridge is a function of the VSWR of the unknown impedance relative to the internal standard impedance. The out-of-balance resultant is rectified and displayed on a meter calibrated directly in VSWR. Measurement does not require adjustment of ratio arms to bring the bridge into balance. The basis of measurement therefore uses the off-balance meter to provide direct reference against an internal standard. The accuracy of the bridge is of the order of 10%. The effect of a standing wave on the line causes the magnitude of the impedance to vary along the line with the
 maximum value being equal to Zo X SWR and the minimum value equal to Thus the indicated SWR will vary depending on the length of the feeder. For the most accurate results, it is therefore necessary to connect the bridge directly to the aerial connector when measuring aerial VSWR. Feeders should be checked with a compatible load termination such that any measured VSWR is known to be as a result of the feeder itself. Description (a) The bridge consists of two fixed arms R1 and R2 of equal impedance which are high-stability 50 ohm resistors. The third arm is a preselected standard resistance (normally 50 ohms) incorporated within the instrument, and the fourth arm is the system under test. The standard resistance may be replaced by others of different values to permit tests on systems having a non-standard characteristic impedance. Some additional error sources may, however, arise from the ratio arms and connector sockets being no longer optimized. (b) The calibration of the instrument may be checked and adjusted by connecting an external standard resistance to the test socket. For an instrument having a 50ohm bridge standard, an external standard resistance of 25 ohms simulates a VSWR of 2: 1 and may be used for calibration purposes. (c) The SET LEVEL control permits adjustment of the RF voltage, which the oscillator applies across "the bridge after allowing for the loading produced by connection of the system under test. Adjustment of this control should therefore be made with the system under test connected. (d) By virtue of its internally-generated RF voltage, the bridge is particularly useful for measurement of receiving aerials and feeders where the absence of a transmitter precludes the use of an in-line wattmeter, e.g. VOR, ILS, Marker. Tests should only be carried out with the aerials in their fully assembled state and with all adjacent structures in position. On aircraft where the rudder mass balance is in close proximity to the VOR-ILS aerial, the rudder should be centralized during the test.
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 Alternative VSWR Bridge Method A more elaborate bridge technique employs a sweep signal generator and an oscilloscope to permit display of aerial matching over the complete frequency range in which it is required to operate. Description (a) In the arrangement shown the RF comparator bridge is enclosed in a separate unit. Half of the bridge is built-in, while known impedance ZI and unknown loads (system under test) are applied to make up the remainder. A standard mismatch is available for calibration and the system incorporates an automatic levelling control (ALC) signal from the bridge which is used to eliminate any error that could be caused by variation in signal level, comparator detector input or feeder discontinuities. A VSWR meter may be incorporated for precise spot frequency measurements. (b) As in other bridge methods, the detected output signal from the RF-bridge represents the degree of mismatch between the reference impedance (ZI) and the load impedance (Z2). (c) This technique may be used to check the VSWR of an aerial or aerial system in-situ but frequently finds application in areas where aerials are being tested during production or prior to fitting to an aircraft. When testing aerials it is essential that they should be well bonded to a large ground plane. Where possible similar methods of attachment should be employed as are used in the aerial's aircraft installation.
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 COAXIAL CABLE TESTING
 The relationship to the length of a coaxial cable and its impedance is critical. If the impedance of the line does not match the load impedance, not all the energy fed down the line flows into the load. Some of the energy is reflected back to the source, forming standing waves on the line. Every half wave along the line, high V and Low I points appear, also between these points will be Low V and High I. The ratio of the voltage across the line at the High V points to that at the Low V points is known as the “Voltage Standing-Wave Ratio” (VSWR).
 If a coaxial cable is damaged (either crushed, pinched or cut), it will affect the impedance of the cable; this in turn will result in low power transmissions. Measuring the VSWR on the line will identify the position of the damage. To measure the VSWR a “Time Domain Meter” (TDM) is used.
 Time Domain Reflectometer (TDR)
 A Time Domain Meter is a sampling oscilloscope using Time Domain Reflectometry method. It sends a narrow pulse down the line measuring the time it takes for a return reflected signal from any anomalies (crushed, pinched or cut.) in the line to appear. Time is then converted into distance to locate the discontinuity. Types of TDRs
 There are two ways a TDR can display the information it receives. The first and more traditional method is to
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 display the actual waveform or "signature" of the cable. The display, which is either a CRT or an LCD, will display the outgoing (transmitted) pulse generated by the TDR and any reflections which are caused by impedance changes along the length of the cable. The second type of display is simply a numeric readout which indicates the distance in feet or meters to the first major reflection caused by a fault along the cable. Some instruments also indicate if the fault is an OPEN or SHORT indicating a high impedance change or a low impedance change respectively, or if POWER is detected on the cable.
 Impedance
 Any time two metallic conductors are placed close together, they form a transmission line which has a characteristic impedance. A TDR looks for a change in impedance which can be caused by a variety of circumstances, including cable damage, water ingress, change in cable type, improper installation, and even manufacturing flaws.
 Insulation (dielectric) thickness
 The insulating material that keeps the conductors separated is called the cable dielectric. The impedance of the cable is determined by the conductor diameter, the spacing of the conductors from each other and the type of dielectric material or insulation that is used to separate the conductors.
 Fault indications on a twisted-pair cable If the conductors are manufactured with exact spacing and the dielectric is exactly constant, then the cable impedance will be constant. If the conductors are randomly spaced or the dielectric changes along the cable, then the impedance will also vary along the cable.
 Fault indications on a coaxial cable A TDR sends electrical pulses down the cable and samples the reflected energy. Any impedance change will cause some energy to reflect back toward the TDR and will be displayed. How much the impedance changes
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 determines the amplitude of the reflection. Matching the impedance of the instrument to that of the cable under test will help reduce unwanted reflections. If the operator forgets to match the impedance, the distance accuracy of the instrument is not affected.
 Pulse Widths
 The amount of energy sent down the cable can be controlled by the operator. Many TDRs have selectable pulse width settings. The pulse width allows the TDR signal to travel down a cable at different levels of energy and distances. The wider the pulse width, the more energy is transmitted, and therefore, the further the signal will travel down the cable. A TDR may contain one or all of the following pulse width settings: 2 nanoseconds, 10 nanoseconds, 100 nanoseconds, 1000 nanoseconds, 2000 nanoseconds and 4000 nanoseconds and 6000 nanoseconds. Note: Even when testing very long lengths of cable, always start the fault finding procedure in the shortest pulse width available, as the fault may be only a short distance away. Use the zoom and gain controls to help locate the fault. If the fault is not located, switch to the next larger pulse width and retest. Keep switching to the next larger pulse until the fault is located. All reflections will be the same width as that of the output (incident) pulse.
 Sometimes, larger pulse widths are helpful even for locating faults that are relatively close. If the fault is very small, the signal strength of a small pulse may not be enough to travel down the cable, "see"
 Pulse widths and distance traveled
 the fault, and travel back. The attenuation of the cable combined with the small reflection of a partial fault can make it difficult to detect. A larger pulse width would transmit more energy down the cable, making it easier to see a small fault.
 Blind Spots
 The pulse generated by the TDR takes a certain amount of time and distance to launch. This distance is known as the blind spot. The length of the blind spot varies depending on the length of the pulse width. The larger the pulse width, the larger the blind spot. It is more difficult to locate a fault contained within the blind spot. If a fault is suspected within the first few feet of cable, it
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 is advisable to add a length of cable between the TDR and the cable being tested. Any faults that may have been hidden in the blind spot can now easily be located. When adding length of cable to eliminate the blind spot, remember the TDR will also measure the length of the jumper cable. The length of the jumper must be considered in the distance reading. With Riser Bond's exclusive dual cursors, the length of the jumper can be subtracted by placing the first cursor at the point of connection with the jumper. Although not critical, it is best if the jumper cable is the same impedance as the cable under test. The quality of the connection is the most important factor regardless of the type of jumper being used. It is important to remember to subtract the length of the jumper from the cable when measuring from the point of connection because the TDR is also reading the length of this jumper. The distances below are based on one cable
 type, and results will vary. Velocity of Propagation (VOP)
 The TDR is an extremely accurate instrument, however, variables in the cable itself can cause errors in the distance measurements. One way to minimize error is to use the correct Velocity of Propagation (VOP) of the cable under test. The VOP is a specification of the speed at which a signal travels through the cable. Different cables have different VOPs. Knowing the VOP of a cable is the most important factor when using a TDR for fault finding. By entering the correct VOP, the instrument is calibrated to that particular cable. Typically, the VOP of the cable under test will be listed in the cable manufacturer's catalogue or specification sheet.
 Velocity of Propagation (VOP)
 The speed of light in a vacuum is 186,400 miles per second. This speed is represented by the number 1 (100%). All other signals are slower. A coaxial cable with a VOP of .85 would transmit a signal at 85 percent the speed of light. A twisted pair cable, which typically has a lower VOP (such as .65), would transmit a signal at 65 percent
 Pulse width Length of Blind Spot
 Length of Blind Spot
 2 nanoseconds 10 nanoseconds 100 nanoseconds 1 μsec 2 μsec 4 μsec 6 μsec
 Twisted Pair 6ft 2m12ft 4m50ft 16m400ft 120m630ft 192m1250ft 380m1850ft 564m
 Coaxial 6ft 2m14ft 4m55ft 17m430ft 133m850ft 360m1690ft 515m ‐‐‐‐ ‐‐‐‐
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 the speed of light. Variations in the VOP of the same type of cable are not uncommon. The VOP of a cable can change with temperature, age, and humidity. It can change approximately 1% for every ten degrees centigrade of change from room temperature. It can also vary from one manufacturing run to another. Every new cable can vary as much as +/-3%. With this change in the dielectric constant, the VOP changes and therefore the apparent length of the cable also changes. When using a known length of cable to determine VOP, be certain to use at least 100 feet (33 m). The longer the test cable, the better. Fortunately, there are ways to minimize error. When trying to pinpoint a fault, the most common technique used to reduce VOP error is to test the faulty cable from both ends. The procedure follows. Determine the path of the cable. With a measuring wheel or tape, measure the exact length of the cable being tested. Set the VOP according to the manufacturer’s specifications, test the cable from one end, and record the distance reading. If the sum of the readings is the exact length of the cable that was measured, the VOP is correct and the fault has been located. However, if the sum of the readings is more than the measured distance, reduce the VOP setting and retest. If the sum of the two readings is less than the measured distance, increase the VOP setting and re-test. If the two sums add up to less than the known length, the operator must also consider the possibility of two faults. Keep changing the VOP settings until the distance readings total the known length. The same result can also be obtained mathematically. Take the actual cable length and divide by the sum of the two TDR readings obtained by the tests from each end. This produces an adjustment factor. Next, multiply each of the TDR readings
 by the adjustment factor. The result will be the corrected length readings.
 Locating Multiple Faults
 Sometimes a cable contains more than one fault. Multiple faults in a cable can be caused by many factors, including rodent damage, improper or faulty installation, construction, ground shift, or even structural flaws from the manufacturing process. If a fault is a complete open or a dead short, the TDR will read only to that point and not beyond. If the fault is not an open or short, the TDR may indicate the first fault and other faults further down the cable. In the case of a waveform TDR, the waveform signature of the cable will show most of the discontinuities, both large and small, along the length of the cable.
 Detecting multiple faults
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 In the cast of a digital numeric TDR, only the distance to the first major fault will be indicated, and not the smaller faults beyond the larger fault. You must test from the opposite end of the cable for signs of other possible faults.
 Termination
 When testing cables it is best if the cable is not terminated. A termination can absorb the pulse and no signal will return to the instrument. The TDRs transmitted pulse must be reflected back to the instrument by a fault or the end of the cable in order to indicate a distance. It is best if all equipment and components are disconnected from the cable under test. Sometimes it is not always practical to disconnect the far end of the cable. However, it is still possible to test a cable that is terminated. If the cable is damaged, the signal will reflect back at the damaged point prior to being absorbed by a termination.
 : Measuring coiled cable length with a TDR
 General notes
 1. Get as close to the fault as possible 2. Make a quality connection between the TDR and the cable being tested 3. Enter the correct VOP of the cable being tested 4. Start with the shortest pulse width available 5. Test from both ends of the cable 6. Determine the cable path and depth for more accurate readings 7. Always re-test the cable after the fault has been fixed
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 USE OF CRO Introduction Nature moves in the form of a sine wave, be it an ocean wave, earthquake, sonic boom, explosion, sound through air, or the natural frequency of a body in motion. Energy, vibrating particles and other Invisible forces pervade our physical universe. Even light - part particle, part wave – has a fundamental frequency, which can be observed as color. Sensors can convert these forces into electrical signals that you can observe and study with an oscilloscope. Oscilloscopes enable scientists, engineers, technicians, educators and others to see events that change over time. Oscilloscopes are indispensable tools for anyone designing, manufacturing or repairing electronic
 equipment. In today's fast-paced world, engineers need the best tools available to solve their measurement challenges quickly and accurately. As the eyes of the engineer, oscilloscopes are the key to meeting today's demanding measurement challenges. The usefulness of an oscilloscope is not limited to the world of electronics, With the proper transducer, an oscilloscope can measure all kinds of phenomena, A transducer is a device that creates an electrical signal in response to physical stimuli, such as sound, mechanical stress, pressure, light, or heat. A microphone is a transducer that converts sound into an electrical signal shows an example of scientific data that can be gathered by an oscilloscope.
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 Signal Integrity The Significance of Signal Integrity The key to any good oscilloscope system is its ability to accurately reconstruct a waveform - referred to as signal integrity. An oscilloscope is analogous to a camera that captures signal images that we can then observe and interpret. Key issues lie at the heart of signal integrity.
 - When you take a picture, is it an accurate picture of what actually happened?
 - Is the picture clear or fuzzy? - How many of those accurate pictures can you take
 per second? Taken together, the different systems and performance capabilities of an oscilloscope contribute to its ability to deliver the highest signal integrity possible. Probes also affect the signal integrity of a measurement system. Signal integrity impacts many electronic design disciplines. But until a few years ago, it wasn't much of a problem for digital designers. They could rely on their logic designs to act like the Boolean circuits. Noisy, indeterminate signals were something that occurred in high-speed designs - something for RF designers to worry about. Digital systems switched slowly and signals stabilized predictably. Processor clock rates have since multiplied by orders of magnitude. Computer applications such as 3-Dgraphics, video and server I/O demand vast bandwidth. Much of today's telecommunications equipment is digitally based, and similarly requires massive bandwidth. So too does digital high-definition TV, The current crop of microprocessor devices handles data at rates up to 2,3 and even 5 GS/s giga- samples per second). while some memory devices use 400-MHz
 clocks as well as data signals with 200-ps rise times, Importantly, speed increases have trickled down to the common IC devices used in automobiles, VCRs, and machine controllers, to name just a few applications. A processor running at a 20-MHz clock rate may well have signals with rise times similar to those of an 800-MHz processor. Designers have crossed a performance threshold that means, in effect, every design is a high-speed design, Without some precautionary measures, high-speed problems can creep into otherwise conventional digital designs. If a circuit is experiencing intermittent failures, or if it encounters errors at voltage and temperature extremes, chances are there are some hidden signal integrity problems. These can affect time-to-market product reliability, EMI compliance, and more. Viewing the Analog Origins of Digital Signals What do all these characteristics have in common? They are classic analog phenomena. To solve signal integrity problems, digital designers need to step into the analog domain. And to take that step, they need tools that can show them how digital and analog signals interact. Digital errors often have their roots in analog signal integrity problems. To track down the cause of the digital fault, it's often necessary to turn to an oscilloscope, which can display waveform details, edges and noise; can detect and display transients; and can help you precisely measure timing relationships such as setup and hold times. Understanding each of the systems within your
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 oscilloscope and how to apply them will contribute to the effective application of the oscilloscope to tackle your specific measurement challenge.
 X, Y, and Z components of a displayed waveform.
 The Oscilloscope What is an oscilloscope and how does it work? This section answers these fundamental questions. The oscilloscope is basically a graph-displaying device - it draws a graph of an electrical signal. In most applications, the graph shows how signals change over time: the vertical (V) axis represents voltage and the horizontal (X) axis represents time. The intensity or brightness of the display is sometimes called the Z axis. This simple graph can tell you many things about a signal such as: ~ The time and voltage values of a signal
 ~ The frequency of an oscillating signal ~ The "moving parts" of a circuit represented by the signal ~ The frequency with which a particular portion of the signal is occurring relative to other portions ~ Whether or not a malfunctioning component is distorting the signal ~ How much of a signal is direct current (DC) or alternating current (AC) ~ How much of the signal is noise and whether the noise is changing with time Understanding Waveforms and Waveform Measurements Waveform shapes reveal a great deal about a signal. Any time you see a change in the height of the waveform, you know the voltage has changed. Any time there is a flat horizontal line, you know that there is no change for that length of time. Straight, diagonal lines mean a linear change - rise or fall of voltage at a steady rate, Sharp angles on a waveform indicate sudden change, Figures shows common waveforms and displays sources of common waveforms, The generic term for a pattern that repeats over time is a wave – sound waves. brain waves, ocean waves, and voltage waves are all repetitive patterns. An oscilloscope measures voltage waves, One cycle of a wave is the portion of the wave that repeats, A waveform is a graphic representation of a wave. A voltage waveform shows time on the horizontal axis and voltage on the vertical axis, Types of Waves You can classify most waves into these types: ~ Square and rectangular waves ~ Triangle and saw-tooth waves ~ Step and pulse shapes
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 ~ Periodic and non-periodic signals ~ Synchronous and asynchronous signals ~ Complex waves
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 Sources of common waveforms
 Sine Waves The sine wave is the fundamental wave shape for several reasons. It has harmonious mathematical properties - it is the same sine shape you may have studied in high school trigonometry class .The voltage in your wall outlet varies as a sine wave. Test signals produced by the oscillator circuit of a signal generator are often sine waves . Most AC power sources produce sine waves. (AC signifies alternating current, although the voltage
 alternates too. DC stands for direct current, which means a steady current and voltage, such as a battery produces.) The damped sine wave is a special case you may see in circuit that oscillates, but winds down over time. Figure shows examples of sine and damped sine waves,
 Square and Rectangular Waves The square wave is another common wave shape. Basically, a square wave is a voltage that turns on and off (or goes high and low) at regular intervals. It is a standard wave for testing amplifiers - good amplifiers increase the amplitude of a square wave with minimum distortion. Television, radio and computer circuitry often use square waves for timing signals. The rectangular wave is like the square wave except that the high and low time intervals are not of equal length, It is particularly important when analyzing digital circuitry. Figure shows examples of square and rectangular waves.
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 Sawtooth and Triangle Waves Sawtooth and triangle waves result from circuits designed to control voltages linearly, such as the horizontal sweep of an analog oscilloscope or the raster scan of a television. The transitions between voltage levels of these waves change at a constant rate, These transitions are called ramps. Figure shows examples of saw-tooth and triangle waves,
 Step and Pulse Shapes Signals such as steps and pulses that occur rarely, or non-periodically, are called single-shot or transient signals. A step indicates a sudden change in voltage, similar to the voltage change you would see if you turned on a power switch. A pulse indicates sudden changes in voltage, similar to the voltage changes you would see if you turned a power switch on and then off again. A pulse might represent one bit of information traveling through a computer circuit or it might be a glitch, or defect In a circuit. A collection of pulses traveling together creates a pulse train. Digital components in a computer communicate with each other using pulses. Pulses are also common in x-ray and communications equipment. Figure shows examples of step and pulse shapes and a pulse train.
 Periodic and Non-periodic Signals Repetitive signals are referred to as periodic signals, while signals that constantly change are known as non-periodic signals. A still picture is analogous to a periodic signal, while a moving picture can be equated to anon-periodic signal.
 An NTSC composite video signal is an example of a complex wave Synchronous and Asynchronous Signals When a timing relationship exists between two signals, those signals are referred to as synchronous. Clock, data and address signals inside a computer are an example of synchronous signals. Asynchronous is a term used to describe those signals between which no timing relationship exists. Because no time correlation exists between the act of touching a key on a computer keyboard and the clock inside the computer, these are considered asynchronous.
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 Complex Waves Some waveforms combine the characteristics of sine, squares, steps, and pulses to produce wave shapes that challenge many oscilloscopes. The signal information may be embedded in the form of amplitude, phase, and/or frequency variations, For example, although the signal in Figure is an ordinary composite video signal, it is composed of many cycles of higher-frequency waveforms embedded in a lower-frequency envelope. In this example, it is usually most important to understand the relative levels and timing relationships of the steps, To view this signal, you need an oscilloscope that captures the low-frequency envelope and blends in the higher-frequency waves in an intensity-graded fashion so that you can see their overall combination as an image that can be visually interpreted. Analog and digital phosphor oscilloscopes are most suited to viewing complex waves, such as video signals. illustrated in Figure. Their displays provide the necessary frequency-of-occurrence information, or intensity grading, that is essential to understanding what the waveform is really doing. Waveform Measurements Many terms are used to describe the types of measurements that you make with your oscilloscope, This section describes some of the most common measurements and terms. Frequency and Period If a signal repeats, it has a frequency. The frequency is measured in Hertz (Hz) and equals the number of times the signal repeats itself in one second, referred to as cycles per second. A repetitive signal also has a period - this is the amount of time it takes the signal to complete one cycle, Period and frequency are reciprocals of each other, so that 1/period equals the frequency and 1/frequency equals the
 period, For example, the sine wave in Figure has a frequency of 3 Hz and a period of 1/3 second, Voltage Voltage is the amount of electric potential - or signal strength – between two points in a circuit. Usually, one of these points is ground. or zero volts. but not always, You may want to measure the voltage from the maximum peak to the minimum peak of a wave form, referred to as the peak-.to-peak voltage ,
 . Amplitude and degrees of a sine wave Amplitude Amplitude refers to the amount of voltage between two points in a circuit. Amplitude commonly refers to the maximum
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 voltage of a signal measured from ground, or zero volts. The waveform shown in above Figure has an amplitude of 1Vand a peak-to-.peak voltage of 2V, Phase Phase is best explained by looking at a sine wave. The voltage level of sine waves is based on circular motion. Given that a circle has 3600, one cycle of a sine wave has 3600, as shown in Figure. Using degrees, you can refer to the phase angle of a sine wave when you want to describe how much of the period has elapsed. Phase shift describes the difference in timing between two otherwise similar signals, The waveform in Figure labelled "current" is said to be 900 out of phase with the waveform labeled "voltage," since the waves reach similar points in their cycles exactly ¼ of a cycle apart (3600/4 = 90°) Phase shifts are common in electronics.
 Waveform Measurements with Digital Oscilloscopes
 Modern digital oscilloscopes have functions that make waveform measurements easier, They have front-panel buttons and/or screen-based menus from which you can select fully automated measurements, These include amplitude, period, rise/fail time, and many more, Many digital instruments also provide mean and RMS calculations, duty cycle, and other math operations, Automated measurements appear as on-screen alphanumeric readouts. Typically these readings are more accurate than is possible to obtain with direct graticule interpretation, Fully automated waveform measurements available on some digital phosphor oscilloscopes include period, duty cycle, pulse width, rise time, etc. Operating the Oscilloscope Setting Up This section briefly describes how to set up and start using an oscilloscope - specifically, how to ground the oscilloscope, set the controls in standard positions, and compensate the probe, Proper grounding is an important step when setting up to take measurements or work on a circuit. Proper grounding of the oscilloscope protects you from a hazardous shock and grounding yourself protects your circuits from damage, Ground the Oscilloscope To ground the oscilloscope means to connect it to an electrically neutral reference point, such as earth ground, Ground your oscilloscope by plugging its three-pronged power cord into an outlet grounded to earth ground,
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 Grounding the oscilloscope is necessary for safety, If a high voltage contacts the case of an ungrounded oscilloscope - any part of the case, including knobs that appear insulated - it can give you a shock, However, with a properly grounded oscilloscope, the current travels through the grounding path to earth ground rather than through you to earth ground, Grounding is also necessary for taking accurate measurements with your oscilloscope, The oscilloscope needs to share the same ground as any circuits you are testing, Some oscilloscopes do not require separate connection to earth ground, These oscilloscopes have insulated cases and controls, which keeps any possible shock hazard away from the user. Ground Yourself If you are working with integrated circuits (ICs), you also need to ground yourself, Integrated circuits have tiny conduction paths that can be damaged by static electricity that builds up on your body, You can ruin an expensive IC simply by walking across a carpet or taking off a sweater and then touching the leads of the IC. To solve this problem, wear a grounding strap, as shows in Figure, This strap safely sends static charges on your body to earth ground,
 Typical wrist-type grounding strap.
 PERFORMANCE TERMS
 The terms described in this section may come up in your discussions about oscilloscope performance. Understanding these terms will help you evaluate and compare your oscilloscope with other models.
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 Bandwidth
 The bandwidth specification tells you the frequency range the oscilloscope accurately measures.
 As signal frequency increases, the capability of the oscilloscope to accurately respond decreases. By convention, the bandwidth tells you the frequency at which the displayed signal reduces to 70.7% of the applied sine wave signal. (This 70.7% point is referred to as the "-3 dB point," a term based on a logarithmic scale.)
 Rise Time
 Rise time is another way of describing the useful frequency range of an oscilloscope. Rise time may be a more appropriate performance consideration when you expect to measure pulses and steps. An oscilloscope cannot accurately display pulses with rise times faster than the specified rise time of the oscilloscope.
 Vertical Sensitivity
 The vertical sensitivity indicates how much the vertical amplifier can amplify a weak signal. Vertical sensitivity is usually given in millivolts (mV) per division. The smallest voltage a general purpose oscilloscope can detect is typically about 2 mV per vertical screen division.
 Sweep Speed
 For analog oscilloscopes, this specification indicates how fast the trace can sweep across the screen, allowing you to see fine details. The fastest sweep speed of an oscilloscope is usually given in nanoseconds/div.
 Gain Accuracy
 The gain accuracy indicates how accurately the vertical system attenuates or amplifies a signal. This is usually listed as a percentage error.
 Time Base or Horizontal Accuracy
 The time base or horizontal accuracy indicates how accurately the horizontal system displays the timing of a signal. This is usually listed as a percentage error.
 Sample Rate
 On digital oscilloscopes, the sampling rate indicates how many samples per second the ADC (and therefore the oscilloscope) can acquire. Maximum sample rates are usually given in megasamples per second (MS/s). The faster the oscilloscope can sample, the more accurately it can represent fine details in a fast signal. The minimum sample rate may also be important if you need to look at slowly changing signals over long periods of time. Typically, the sample rate changes with changes made to the sec/div control to maintain a constant number of waveform points in the waveform record.
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 ADC Resolution (Or Vertical Resolution)
 The resolution, in bits, of the ADC (and therefore the digital oscilloscope) indicates how precisely it can turn input voltages into digital values. Calculation techniques can improve the effective resolution.
 Record Length
 The record length of a digital oscilloscope indicates how many waveform points the oscilloscope is able to acquire for one waveform record. Some digital oscilloscopes let you adjust the record length. The maximum record length depends on the amount of memory in your oscilloscope. Since the oscilloscope can only store a finite number of waveform points, there is a trade-off between record detail and record length. You can acquire either a detailed picture of a signal for a short period of time (the oscilloscope "fills up" on waveform points quickly) or a less detailed picture for a longer period of time. Some oscilloscopes let you add more memory to increase the record length for special applications.
 Setting the Controls After plugging in the oscilloscope, take a look at the front panel. The front panel is typically divided into three main sections labeled vertical, horizontal, and trigger. Your oscilloscope may have other sections, depending on the model and type - analog or digital. Notice the input connectors on your oscilloscope - this is where you attach the probes, Most oscilloscopes have at least two input channels and each
 channel can display a waveform on the screen, Multiple channels are useful for comparing waveforms. Some oscilloscopes have AUTOSET and/or DEFAULT buttons that can set up the controls in one step to accommodate a signal. If your oscilloscope does not have this capability, it is helpful to set the controls to standard positions before taking measurements, General instructions to set up the oscilloscope in standard positions are as follows:
 • Set the oscilloscope to display channel 1 • Set the vertical volts/division scale and position
 controls to mid-range positions • Turn off the variable volts/division • Turn off all magnification settings • Set the channel 1 input coupling to DC • Set the trigger mode to auto • Set the trigger source to channel 1 • Turn trigger hold off to minimum or off • Set the intensity control to a nominal viewing level,
 if available • Adjust the focus control for a sharp display, if
 available • Set the horizontal time/division and position
 controls to mid-range positions Refer to the manual that accompanied your oscilloscope for more detailed instructions,
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 Probes
 Now you are ready to connect a probe to your oscilloscope. It is important to use a probe designed to work with your oscilloscope. A probe is more than a cable with a clip-on tip. It is a high-quality connector, carefully designed not to pick up stray radio and power line noise.
 Probes are designed not to influence the behavior of the circuit you are testing. However, no measurement device can act as a perfectly invisible observer. The unintentional interaction of the probe and oscilloscope with the circuit being tested is called circuit loading. To minimize circuit loading, you will probably use a 10X attenuator (passive) probe.
 Your oscilloscope probably arrived with a passive probe as a standard accessory. Passive probes provide you with an excellent tool for general-purpose testing and troubleshooting. For more specific measurements or tests, many other types of probes exist. Two examples are active and current probes.
 Descriptions of these probes follow, with more emphasis given to the passive probe since this is the probe type that allows you the most flexibility of use.
 Using Passive Probes
 Most passive probes have some degree of attenuation factor, such as 10X, 100X, and so on. By convention, attenuation factors, such as for the 10X attenuator probe, have the X after the factor. In contrast, magnification factors like X10 have the X first.
 The 10X (read as "ten times") attenuator probe minimizes circuit loading and is an excellent general-purpose passive probe. Circuit loading becomes more pronounced at higher frequencies, so be sure to use this type of probe when measuring signals above 5 kHz. The 10X attenuator probe improves the accuracy of your measurements, but it also reduces the amplitude of the signal seen on the screen by a factor of 10.
 Because it attenuates the signal, the 10X attenuator probe makes it difficult to look at signals less than 10 millivolts. The 1X probe is similar to the 10X attenuator probe but lacks the attenuation circuitry. Without this circuitry, more interference is introduced to the circuit being tested. Use the 10X attenuator probe as your standard probe, but keep the 1X probe handy for measuring weak signals. Some probes have a convenient feature for switching between 1X and 10X attenuation at the probe tip. If your probe has this feature, make sure you are using the correct setting before taking measurements.
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 Many oscilloscopes can detect whether you are using a 1X or 10X probe and adjust their screen readouts accordingly. However with some oscilloscopes, you must set the type of probe you are using or read from the proper 1X or 10X marking on the volts/div control.
 The 10X attenuator probe works by balancing the probe's electrical properties against the oscilloscope's electrical properties. Before using a 10X attenuator probe you need to adjust this balance for your particular oscilloscope. This adjustment is called compensating the probe. Figure shows a simple diagram of the internal workings of a probe, its adjustment, and the input of an oscilloscope.
 Typical Probe/Oscilloscope 10-to-1 Divider Network
 A Typical Passive Probe with Accessories
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 INTENTIONALLY LEFT BLANK
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 Using Active Probes
 Active probes provide their own amplification or perform some other type of operation to process the signal before applying it to the oscilloscope. These types of probes can solve problems such as circuit loading or perform tests on signals, sending the results to the oscilloscope. Active probes require a power source for their operation.
 Using Current Probes
 Current probes enable you to directly observe and measure current waveforms. They are available for measuring both AC and DC current. Current probes use jaws that clip around the wire carrying the current. This makes them unique since they are not connected in series with the circuit; they, therefore, cause little or no interference in the circuit.
 Where to Clip the Ground Clip
 Measuring a signal requires two connections: the probe tip connection and a ground connection. Probes come with an alligator-clip attachment for grounding the probe to the circuit under test. In practice, you clip the grounding clip to a known ground in the circuit, such as the metal chassis of a stereo you are repairing, and touch the probe tip to a test point in the circuit.
 Compensating the Probe
 Before using a passive probe, you need to compensate it - to balance its electrical properties to a particular oscilloscope. You should get into the habit of compensating the probe every time you set up your oscilloscope. A poorly adjusted probe can make your measurements less accurate. Figure shows what happens to measured waveforms when using a probe not properly compensated.
 Most oscilloscopes have a square wave reference signal available at a terminal on the front panel used to compensate the probe. You compensate a probe by:
 • Attaching the probe to an input connector
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 • Connecting the probe tip to the probe compensation signal • Attaching the ground clip of the probe to ground • Viewing the square wave reference signal • Making the proper adjustments on the probe so that the corners of the square wave are square
 When you compensate the probe, always attach any accessory tips you will use and connect the probe to the vertical channel you plan to use. This way the oscilloscope has the same electrical properties as it does when you take measurements.
 The Controls This section briefly describes the basic controls found on analog and digital oscilloscopes. Remember that some controls differ between analog and digital oscilloscopes; your oscilloscope probably has controls not discussed here.
 Display Controls
 Display systems vary between analog and digital oscilloscopes. Common controls include:
 • An intensity control to adjust the brightness of the waveform. As you increase the sweep speed of an analog oscilloscope, you need to increase the intensity level.
 • A focus control to adjust the sharpness of the waveform. Digital oscilloscopes may not have a focus control. • A trace rotation control to align the waveform trace with the screen's horizontal axis. The position of your
 oscilloscope in the earth's magnetic field affects waveform alignment. Digital oscilloscopes may not have a trace rotation control.
 • Other display controls may let you adjust the intensity of the graticule lights and turn on or off any on-screen information (such as menus).
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 The Effects of Improper Probe Compensation
 Measurement Techniques This section teaches you basic measurement techniques. The two most basic measurements you can make are voltage and time measurements. Just about every other measurement is based on one of these two fundamental techniques.
 This section discusses methods for taking measurements visually with the oscilloscope screen. Many digital oscilloscopes have internal software that will take these measurements automatically. Knowing how to take the measurements manually will help you understand and check the automatic measurements of the digital oscilloscopes.
 The Display
 Take a look at the oscilloscope display. Notice the grid markings on the screen - these markings create the graticule. Each vertical and horizontal line constitutes a major division. The graticule is usually laid out in an 8-by-10 division pattern. Labeling on the oscilloscope controls (such as volts/div and sec/div) always refers to major divisions. The tick marks on the center horizontal and vertical graticule lines are called minor divisions.
 Many oscilloscopes display on the screen how many volts each vertical division represents and how many
 seconds each horizontal division represents. Many oscilloscopes also have 0%, 10%, 90%, and 100% markings on the graticule to help make rise time measurements.
 An Oscilloscope Graticule
 Voltage Measurements
 Voltage is the amount of electric potential, expressed in volts, between two points in a circuit. Usually one of these points is ground (zero volts) but not always. Voltages can also be measured from peak-to-peak - from the maximum point of a signal to its minimum point. You must be careful to specify which voltage you mean.
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 The oscilloscope is primarily a voltage-measuring device. Once you have measured the voltage, other quantities are just a calculation away. For example, Ohm's law states that voltage between two points in a circuit equals the current times the resistance. From any two of these quantities you can calculate the third. Another handy formula is the power law: the power of a DC signal equals the voltage times the current. Calculations are more complicated for AC signals, but the point here is that measuring the voltage is the first step towards calculating other quantities.
 Figure shows the voltage of one peak - V[p] - and the peak-to-peak voltage - V[p-p] -, which is usually twice V[p]. Use the RMS (root-mean-square) voltage - V[RMS] - to calculate the power of an AC signal.
 Voltage Peak and Peak-to-peak Voltage
 You take voltage measurements by counting the number of divisions a waveform spans on the oscilloscope's vertical scale. Adjusting the signal to cover most of the screen vertically, then taking the measurement along the center vertical graticule line having the smaller divisions, makes for the best voltage measurements. The more screen area you use, the more accurately you can read from the screen.

Page 248
                        

AVIONICS WORKSHOP PRACTICES
 For Training Purpose Only Page 242
 Measure Voltage on the Center Vertical Graticule Line
 Many oscilloscopes have on-screen cursors that let you take waveform measurements automatically on-screen, without having to count graticule marks. Basically, cursors are two horizontal lines for voltage measurements and two vertical lines for time measurements that you can move around the screen. A readout shows the voltage or time at their positions.
 Time and Frequency Measurements
 You take time measurements using the horizontal scale of the oscilloscope. Time measurements include measuring the period, pulse width, and timing of pulses. Frequency is the reciprocal of the period, so once you know the period, the frequency is one divided by the period. Like voltage measurements, time measurements are more accurate when you adjust the portion of the signal to be measured to cover a large area of the screen. Taking time measurement along the center horizontal graticule line, having smaller divisions, makes for the best time measurements.
 Pulse and Rise Time Measurements
 In many applications, the details of a pulse's shape are important. Pulses can become distorted and cause a digital circuit to malfunction, and the timing of pulses in a pulse train is often significant.
 Standard pulse measurements are pulse width and pulse rise time. Rise time is the amount of time a pulse takes to go from the low to high voltage. By convention, the rise time is measured from 10% to 90% of the full voltage of the pulse. This eliminates any irregularities at the pulse's transition corners. This also explains why most oscilloscopes have 10% and 90% markings on their screen. Pulse width is the amount of time the pulse takes to go from low to high and back to low again. By convention, the pulse width is measured at 50% of full voltage.
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 Rise Time and Pulse Width Measurement Points
 Pulse measurements often require fine-tuning the triggering. To become an expert at capturing pulses, you should learn how to use trigger holdoff and how to set the digital oscilloscope to capture pretrigger data. Horizontal magnification is another useful feature for measuring pulses, since it allows you to see fine details of a fast pulse.
 Phase Shift Measurements
 The horizontal control section may have an XY mode that lets you display an input signal rather than the time base on the horizontal axis. (On some digital oscilloscopes this is a display mode setting.) This mode of operation opens up a whole new area of phase shift measurement techniques.
 The phase of a wave is the amount of time that passes from the beginning of a cycle to the beginning of the next cycle, measured in degrees. Phase shift describes the difference in timing between two otherwise identical periodic signals.
 One method for measuring phase shift is to use XY mode. This involves inputting one signal into the vertical system as usual and then another signal into the horizontal system. (This method only works if both signals are sine waves.) This set up is called an XY measurement because both the X and Y axis are tracing voltages. The waveform resulting from this arrangement is called a Lissajous pattern (named for French physicist Jules Antoine Lissajous and pronounced LEE-sa-zhoo). From the shape of the Lissajous pattern, you can tell the phase difference between the two signals. You can also tell their frequency ratio. Figure shows Lissajous patterns for various frequency ratios and phase shifts.
 Lissajous Patterns
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 ANTENNA PAINTING An airplane encountered a CDI (Course Deviation Indicator) standoff problem and was test flown to verify the problem by making an ILS approach with the autopilot engaged. During the approach, the airplane encountered the CDI standoff which caused the airplane to divert from the desired flight path. CDI standoff was also present while taxiing the airplane on the runway at the same ILS facility. Extensive tests were conducted to isolate the cause of the standoff. These tests included antenna radiation patterns, voltage distribution measurements along the VOR/LOC antenna feed and radiation slots, antenna impedance measurements and visual inspections. It was found that the signal response from one of two antenna elements was severely attenuated. Further investigation of the suspected element disclosed that antistatic paint had been applied inadvertently over the fiberglass panel which supports the slot antenna. The anti-static paint had then been covered with the standard decorative paint. The electrically conductive anti-static paint acted as a highly glossy electrical shield over the antenna element. After removal of the anti-static paint, in-flight and ground performance of the systems returned to normal and no standoff could be detected. During a further check to confirm conclusively the effects of the conductive paint, it was found by taxi tests on the runway that the standoff condition could be duplicated by covering the antenna temporarily with a sheet of metal foil. Since both antenna elements are required to produce the omni-directional VOR/LOC antenna pattern, loss of one element essentially limits the antenna radiation pattern (cardioid or heart-shaped) to one side of the airplane. The standoff did not occur at all airports, but appeared to be associated with only one ground station facility having a conventional localizer. It is suspected, therefore, that this particular standoff condition was associated with some spurious reflection at the ground station, the effects of which would be aggravated by the unidirectional pattern of the faulty airplane antenna. An asymmetrical pattern of the airplane antenna should not by itself produce a standoff of the instruments. Numerous antennas are located on the airplane. Some are located beneath the decorative paint areas above the body crease, while others are located on the underside of the fuselage outside the decorative paint area. Some antennas are flush-mounted and covered with a fiberglass window or fairing which is then covered with decorative paint. These antennas may not be clearly visible, and may be overlooked during maintenance painting. In general, most exterior decorative paints are non-conductive (except those containing metallic pigments) and may be applied in normal thicknesses with no deterioration in electrical performance of the painted antennas. However, there is one approved paint system (Desoto Chemical Company 3202009 conductive coating, for example) which is used for the specific purpose of providing static drain from fibreglass surfaces. Use of this paint or other paints having metallic pigments on antennas or antenna fairings must be avoided in order to maintain antenna efficiency and performance.
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 MAINTENANCE OF WEATHER RADAR RADOMES A radome is a covering whose primary purpose is to protect a radar antenna from the elements. It is a part of the airframe and, therefore, should have certain physical as well as electrical properties. Physically, a radome should be strong enough to withstand the airloads that it will encounter and it should be contoured to minimize drag.These properties vary with the shape, design speed, and size of the airplane on which it is to be installed. Electrically, a radome should permit the passage of the radar's transmitted signals and return echoes with minimum distortion and absorption. In order to do this, it should have a certain electrical thickness. The electrical thickness of a radome is related to the physical thickness, operating frequency, and the types of material and construction used. This relationship is defined by a number of complex mathematical equations which are of interest only to radome design engineers. These equations show that,for given physical properties, a radome should have a certain electrical thickness for a certain narrow range of operating frequencies. (This is the reason why C-band radomes will not give optimum performance with X-band radars and vice versa.) Also, ,a very small variation in physical thickness may cause a sizable variation in electrical thickness. Radar efficiency, definition, and accuracy of display depend upon a clear, nondistorted, reflection-free antenna view through the radome. Consequently, a radome should be precisely built for optimum performance. RADOME'CHARACTERISTICS. There are two general types of radomes, the "thin wall" and "sandwich" types. Thin wall radomes are considered to b~ thin relative to the wavelength of the radar. They are generally useful when the radar frequency is low enough to permit a skin thickness which will satisfy the structural requirements. Sandwich radomes consist of two or more plastic skins separated by a dielectric core. The core may consist of honeycomb plastic sections, hollow flutes, or foam plastic. The dielectric and separation of the skins will depend upon the wavelength of the radar frequency or frequencies. High performance radar radomes are very precisely constructed and sometimes the slightest change' in their physical characteristics, such as excessive layers of paint, Can adversely affect radar systern performance. All repairs to radomes, no matter how minor, should return the radome to its original or properly altered condition, both electrically and structurally. The performance of proper maintenance to precision radomes requires special knowledge and techniques and the use of proper tools and materials. An improper minor repair can eventually lead to an expensive major repair. A radome having undergone major repairs should be tested to ascertain that its electrical properties have not been impaired . The testing of radomes requires test equipment that usually is found only in repair facilities specializing in radome maintenance. Even minor repairs may affect one or all of the following: (1) Transmissivity. Which is the ability of a radome .to pass radar energy through it. (2) Reflection. Which is the return or reflection of the outgoing radar energy from the radome back into the antenna and waveguide system. (3) Diffraction. Which is the bending of the radar energy as it passes through the radome. b. These electrical properties, when altered by improper repair, may cause loss of signal, distortion and displacement of targets, and can clutter the display to obscure the target.
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 Test Requirements: 1. The area in which the tests are to be made must be free from such objects as servicing stands, vehicles and buildings likely to cause nuisance radar reflections. 2. The radome stand should be capable of rigidly supporting the radome, and of permitting the radome to be moved a short distance towards and away from the receiving antenna. It should also pennit the radome to be rotated in azimuth and elevation, through the angles over which it is required to function when fitted to the aircraft. The stand should present a minimum of interference with the energy received. 3. The microwave signal source should provide a suitable output signal (typically 100mw) at the frequency required. 4.The transmitting and receivmg antennae should be separated from one another by a distance calculated in accordance with the
 formula: The antenna receiving system should be the same as -the antenna system which the radome houses when fitted to the aircraft. A horn should be used as the transmitting antenna, and the distance between the two antennae should be adjusted to align the first null of the horn radiation pattern along the ground reflection path (see Figure). Data showing the position of the null is obtainable from the horn manufacturers. Test Procedure:. The following paragraphs give general procedures for carrying out attenuation. A typical test arrangement is shown in Figure. (a) With the equipment arranged as shown, the power should be switched on and the equipment should be allowed to warm up, to ensure that it attains a stable operating temperature before carrying out the required tests. (b) The microwave source should be adjusted to the correct operating frequency at the required power output. (c) With the radome removed, the two antennae should be aligned in pitch and azimuth, for maximum received power. The anenuator should be adjusted to give an indicated received power of 0 dB. The radome should be mounted on the stand in the same relative position it would have in the aircraft. The redome should then be moved forwards and backwards slightly. and the maximum and minimum readings on the power meter should be noted. The average of the two readings should not differ from the reference level set in (e) by more than the figure quoted in the relevant Maintenance Manual. The figure obtained may vary depending on whether the radome is stripped or completely finished, i.e. the protective coating and, if applicable, the paint finish have been applied. Typical readings to be obtained should not exceed O.7 dB for a stripped radome, and l. 0 dB for a completely finished radome. For radomes fitted with a lightning protection spike, typical figures are 1.0 dB and l. 5 dB respectively.
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 Test Set-up for Measurement of Attenuation
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 EXAMPLES OF TEST SETS USED FOR RADIO SYSTEMS
 Ramp Testing From ± 0·1 to ± 0'3 nautical miles, depending on
 signal strength and time since acquisition. A DME installation should be tested using a ramp test set which will test by radiation, simulate various ranges and velocities, operate on at least one spot frequency for mode X and mode Y, and provide for simulation of identification. Two such test sets are the TIC T-24A and the IFR ATC·600A, TIC T-24A A battery-operated, one-man test set operated from the cockpit and testing by radiation. Channels 17X and 17 Yare available (l 08·00 and 108·05 MHz VOR frequencies) with range simulation from 0 to 399'9 nautical miles in 0'1 nautical mile increments. The velocity, inbound or outbound, can be selected in 10-knot increments from 0 to 9990 knots. Squitter is selectable at 700 or 2700 pulse pairs per second. Identity is available as 1350 or equalized 1350 pulse pairs per second. An additional pulse pair 10 nautical miles after the reply pulse pair can be selected, to enable a check of echo protection. The p.r.f, meter has two ranges 0-30 and a-ISO. Finally the percentage reply may be selected in 10 per cent increments from 10 to 100 per cent. ATC600A This test set does not have all the facilities of the T-24A but does offer comprehensive testing ability for the ATC transponder. Like the T-24A the ATC 600A operates on channels 17X and 17Y. The range can be set from 0 to 399 nautical miles in 1 nautical mile steps. Twelve different velocities may be simulated in the range
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 50-2400 knots inbound or outbound. The identity is equalized 1350 pulse pairs per second. The percentage reply is either 50 or 100 per cent by selection. Features of the ATC 600A not available with the T-24A are an interrogator peak r.f. power readout, accuracy ± 3 dB (± 50 per cent) and interrogation frequency check. Bench Testing Various test sets exist for the bench testing of DME, one of these is the TIC T·50A which also provides facilities for ATC transponder bench testing. This is not the place to detail all the features of such a complex test set; suffice it to say that the test set is made up of optional modules so that the customer can choose the most suitable package. One feature which must be mentioned is the ability to measure the pulsed r.f. from the DME interrogator with a resolution of 10kHz. TIC have found that many units change their output frequency, sometimes beyond allowable limits, when a change in pulse spacing occurs; i.e. X to Y mode or vice versa.
 ATC TRANSPONDER Ramp Testing: A transponder can be tested in situ using one of several portable test sets. A suitable ramp test set will test by radiation, be capable of interrogating on at least modes A and C, be capable of simulating a side lobe interrogation, display the transponder reply and provide a means of measuring the transponder transmitter frequency.
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 ATC 600A A popular test set is the IFR ATC 600A illustrated in Figure. A reason for its popularity is the fact that it can test both DME and ATC transponder with a comprehensive range of checks, making it suitable for functional tests on the ramp or bench.I, P2 and P3 pulses are generated and used to key a crystal-controlled 1030'MHz oscillator. The interval between PI and P3 is switched to simulate a mode A/C interlace, two mode A interrogations being transmitted for each mode C. The following characteristics may be varied by front panel controls: 1. PI-P3 interval - to check decoder; 2. P2 amplitude - to check SLS; 3. Transmitter power output ~ to check MTL. The reply is displayed by a bank of lamps, one for each code pulse and one for the SPI pulse . There is also a numerical readout which shows either the pilot code or the altitude in thousands of feet. In addition to this basic information the following can be checked: 1. F2 timing; 2. power output of transponder (± 50 per cent accuracy); 3. frequency of the transponder transmitter; 4. percentage reply; 5. invalid altitude code, i.e, no C pulses or Cl and C4 together; 6. absence of code pulses in reply to mode C interrogation. Supply is by rechargeable battery or AC, battery operation is limited by a timer. Further features are direct connection to the transponder via an external 34 dB pad, self-testing of display, lamps and battery and direct connection of encoding altimeter. The TIC approach to ramp testing is to use separate test sets for L band equipments, the T·33B and T·43B being those for ATC transponder.
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 SOLDERING PRACTICES : General
 Soldering is the process of joining two (or more) metals together at a temperature lower than the melting points of the metals. In its molten state, solder chemically dissolves part of the metal surfaces to be joined. However, most metals exposed to the atmosphere acquire a thin film of tarnish or oxide; the longer the exposure the thicker the film will become. This film is present, even though it is not visible, and solder alone cannot dissolve it. A soldering flux with a melting point lower than the solder must be used to "wet" the metal and allow the solder to penetrate it and remove the film. The flux melts first, removing the tarnish or metallic oxide, and also prevents further oxide from forming while the metal is being heated to soldering temperature. The solder then melts, floating the lighter flux and the impurities suspended in it to the outer surface and edges of the molten filler. The solder cools and forms an alloy with the metal. Most of the flux is burned away during the soldering process; any residue is removed by appropriate cleaning methods Definitions
 • Wetting - Adhesion of liquid solder to a solid surface.
 • De-Wetting - The condition is a soldered area in which the liquid solder has not closely adhered.
 • Cold Solder Connection – Referred to as a “Dry Joint”. It is the unsatisfactory connection resulting from de-Wetting and exhibiting an abrupt rise of solder from the surface being soldered.
 • Disturbed Solder Connection - Unsatisfactory connection as a result of movement of the conductor during the hardening of the solder.
 • Flux – A substance, such as “Borax” or “Rosin”, used to help metals fuse together by preventing oxidation during soldering. (With soft solder, use only water-white rosin, dissolved to a paste-like consistency in denatured alcohol, (Mil-Spec MIL-F-20329). With hard solder, use borax, or similar material, mixed to a paste with water,
 • Resin Soldered Connection - Unsatisfactory connection that has trapped flux.
 • Overheated Joint – An unsatisfactory connection, characterized by a rough solder surface.
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 . Soldered Joints (Melt the solder on the joint, not on the iron.)
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 • Heat sink – A thermal shunt with good heat dissipation characteristics, used to conduct heat away from the component being soldered.
 • Tinning – The coating of a surface with a uniform layer of solder.
 • Wicking – A method in which a piece of copper braid is applied to the melted solder. The copper braid acts as a wick to absorb and remove the solder.
 • Soft solder. Soft solder is an alloy consisting of various combinations of tin and lead with silver and other additives, which melts at temperatures below 700 degrees F. (For general applications at low temperatures (up to 248 degrees F max.), use composition Sn-Pb (60% tin, 40% lead) to solder tin-coated copper wire and coaxial cable. For silver-coated copper wire in high temperature applications (up to 375 degrees F max.) use a lead-silver mixture, composition Ag 2.5 or Ag 5.5. Do not confuse high temperature soft solder with the hard solder described in the following paragraph. For soldering printed circuit boards, use a eutectic solder (63% tin, 37% lead) with a silver additive of one to three percent. Rosin-cored solder, tubular type, 1/32 inch diameter is recommended for printed circuits.
 • Hard solder. Hard solder, often called brazing alloy, is a silver alloy, Federal Specification QQS-561, which melts at temperatures ranging from 700 to 1600 degrees F. Hard solder is used when greater mechanical strength or exposure to higher temperatures is required. Hard solder is commonly used in the aircraft electrical system for soldering thermocouple connections. Hard solder is not used on printed circuits.
 Preparing the soldering iron Before using the soldering iron, prepare it as follows:
 1. With the iron shut off, file each working surface of the soldering iron tip with a double-cut mill file until it is smooth and of a bright copper color. Remove copper fuzz from dressed edges with a file card.
 2. Plug in the iron and apply cored solder just as the bright dressed copper color is turning to a pigeon-blue, bronze, oxide color. This will allow the flux to "wet" and clean the working area when the solder melts to form an even bright silver coating on the tip. CAUTION: Do not allow the iron to come up to full temperature before starting the tinning operation
 3. Wipe off excess solder with a damp sponge or cloth. Some copper soldering iron tips used in production soldering
 are coated with pure iron to help prevent oxidation. Follow manufacturer's instructions for cleaning such irons. A
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 clean damp cloth may be used to wipe the iron. NOTE: Do not file soldering iron tips coated with pure iron. Filing will ruin the protective coating. If the tip is pitted, replace it.
 Soldering irons
 For soldering irons, the following specifications must be met:
 1. Use a constant temperature soldering iron that has an insulation transformer in its power supply. Magnetic fields can damage electrical components.
 2. If ESDS DEVICES are to be soldered, a potential free solder station with temperature regulator must be used. Also the ground of the soldering station must be connected to the ground of the PCB. This ensures that the component and the soldering iron have the same ground potential.
 3. Use a solder bit, which is appropriate for the degree of heat required. Improper choice of a solder bit can result in severe damage to electronic components or the PCB itself.
 4. A sponge for cleaning the tip of the solder bit must be kept wet and regularly cleaned. Use only distilled water. 5. During use, just before each application, pass the soldering iron tip with a rotary motion through the folds of a damp
 cleaning sponge, or wipe on an asbestos wiping pad. This will remove the surface dross and excess solder from the working surface.
 CAUTION: Never shake or "whip" an iron to get rid of dross or excess solder droplets. Once a day remove the tip from the iron and clean out the black scale from the inside of the iron and from the tip with
 fine steel wool. When the iron or tip is new, coat the inside of the shank with dry flake graphite or anti-seize material to prevent freezing, and to insure maximum heat transfer. When replacing the tip, make sure to insert the tip to the full depth of the casing, seated firmly against the heating element.
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 Heatsinks
 Semi-conductors, fine resistors, capacitors etc. can be damaged by heat during soldering. The proper use of heat sinks can, to large extent, prevent the transference of heat from the connection, which is being soldered to the component. Heat sinks are made from a heat conducting material, such as copper, and are pinched to the conductor, between the component and the end being soldered. In some cases the tip of a pair of long nose pliers will be sufficient, but this method must only be used if the heat sinks are not available.
 Heat Disposal Clips
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 Anti-Wicking Pliers
 Anti-wicking pliers are used to prevent thermal damage of the insulation, and flow of solder under the insulation. Figure shows Anti-Wicking pliers.
 Anti‐Wicking Pliers
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 Solder Removal Guns
 When soldered components are to be replaced, especially on printed circuit boards, all solder is removed from the connection. To this so a “Solder Removal Gun” can be used. The solder removal gun consists of a pump type plunger in a sealed tube. The plunger can be pushed down against a spring where a spring-loaded release knob holds the plunger in the down position. When the release knob is pressed, the plunger is free to move upwards. When the plunger is released, suction is created at the tip of the gun, sucking the heated solder into the gun. Figure 7.46 shows a solder removal gun.
 Solder Removal Gun
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 To remove solder from a connection proceed as follows:
 (a) Push the plunger to the down position (b) Heat the connection until the solder becomes liquid. Do not overheat. (c) Hold the tip of the solder removal gun very close to the melted solder and press the release knob. (d) Repeat steps (a) to (c) until the solder is removed.
 Solder Removal Gun Operation
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 Tinning
 Strip the wire, then heat the wire until the solder runs freely. Remove the soldering iron heat immediately to avoid possible damage to the insulation. When tinned, the strands of the wire must be clearly visible and follow their original normal cable routing. The solder must not extend beyond this area.
 Tinning of a Wire

Page 269
                        

AVIONICS WORKSHOP PRACTICES
 For Training Purpose Only Page 263
 Soldering preparation
 (a) Tinning and soldering must be done in a clean area, this ensures that components do not become contaminated. (b) Take care that there is sufficient ventilation during the soldering. Harmful vapours (metal vapour) are produced
 during soldering operations. (c) Tools and equipment must be free from oil, grease and other impurities. (d) Install the correct solder bit into the soldering iron. (e) Switch the soldering iron on. Do not use until it has reached its operating temperature. (f) When the surface to be soldered has gained the correct temperature, add a small amount of solder and allow it to
 distribute itself regularly over the parts to be connected. (g) Take away the soldering iron from the connection and allow the solder to cool slowly without moving the parts.
 Never force the cooling process. (h) Too much solder can be removed by using the solder removal gun. (i) Clean the connections as soon as possible.
 Soldering of connectors
 (a) Push a suitable shrink sleeve over the wire. (b) Heat the solder cup of the connector to be soldered and fill it with solder. Start at the bottom of the connector and
 work up as shown in figure. (c) Strip the wire to the required length. (d) Tin the wire as described in above. (e) Heat the solder cup until the solder melts, tilting the soldering iron bit to allow entry of the wire and slowly insert the
 wire. (f) Hold the wire firmly in place and remove the soldering iron bit from the solder pot. (g) Make sure that the finished connection is correct. (h) Push the heat shrink sleeve (if fitted) over the soldered connection and shrink the sleeve. Soldered Connections
 The construction of the pins and sockets in a MIL or other type of connections may be designed for the solder connections to the electric wires. At the end of the pin or socket is a small solder pocket. Figure shows a typical solder MS connector.
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 Connection Order Filling the Solder Pot
 Acceptable solder joint. A good soldered joint will have a bright silvery appearance, with smooth fillets and no sharp edges. The entire joint will be covered with a smooth even coat of solder, and the contour of the joint will be visible. Unacceptable solder joint. Any of the following indicate a poor solder joint, and are cause for rejection: • Dull gray, chalky or granular appearance, evidence of a cold joint. • Hair cracks, or irregular surface, evidence of a disturbed joint. • Grayish, wrinkled appearance, evidence of excessive heat.
 • Partially exposed joint, evidence of insufficient solder. • Scorched wire insulation or burned connector inserts. • Globules, drips or tails of solder.
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 PCB REPAIR
 General Precautions and Procedures Handling precautions Printed circuit assemblies require very careful handling during repair and soldering operations, or when being installed as a replacement assembly. When handling assemblies withdrawn from cases and junction boxes or from replacement stores observe the following precautions: • Keep the printed circuit assembly in a padded plastic or paper protective bag while awaiting use or repair. Keep in a cool
 dry place. • Carry the assembly by its handle (if present) or by the edges. • Do not handle or lift the assembly by any of its mounted components; this can result in broken leads. • Do not stack one board on top of another. Always support the board on its long free edge. • Never flex, bend or force the base during removal, repair or replacement. • Avoid touching the face of the board with the hands, particularly the conductor or exposed contacts of plug-in assemblies
 and test points. Body acids produce corrosion and cause high resistivity that can affect the performance of the circuit. • During repair, use an appropriate holding fixture to support the board by its edges, as shown in Figure. Provide adequate
 support underneath the board to offset the force of drilling, scraping and component removal or replacement. • Make sure that all tools used for mechanical repairs are clean. Use only pliers with smooth jaws and radiused edges. • Clean with short gentle puffs of low pressure, oil-free, dry air. Avoid violent bursts. Do not clean by ultrasonic method.
 This may affect the laminate.
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 De-soldering printed circuit components When it is necessary to remove components from a printed circuit assembly, their leads or lugs must first be de-soldered, so that the leads or lugs can be readily withdrawn through the board to free the components. The procedures to be used and the precautions to be observed are as follows: 1. To melt the solder, apply the soldering iron tip to the fillet while slowly counting to four, and then remove the iron.
 CAUTION: Do not exceed this time. Repeat as necessary, allowing the work to cool between applications. If it is desired to remove the component intact, as for testing, place a heat sink clamp on the lead, as close as possible to the component body before applying the iron.
 2. Use a solder sucker to suck up the solder as it melts. Compress the bulb, place the tip directly on the liquid fillet, and release the bulb. Repeat as necessary.
 3. In open areas, or to remove large terminal areas of soldering, a piece of 1/8 inch tubular electro-tinned braid may be used to remove the liquid solder as shown. Flatten 1/4 inch of the braid end, dip sparingly into liquid flux, and place this end against the fillet. When the iron is applied, the solder will be drawn up into the braid as it melts. Cut off the solder-saturated part of the braid and repeat if necessary.
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 Desoldering printed circuit components Soldering Procedure Working space on printed circuit board assemblies is limited because of tightly packed components. The following special procedures will be helpful in soldering operations under these conditions: 1. Fix the board in the holder in such a way that gravity will aid in forming the fillet. 2. Select a tip shape to suit the angle of approach to the work. Use a screwdriver tip for an approach perpendicular to the board; use a pyramid shape when the approach is at an angle. 3. Rest the elbow, arm or wrist against the bench top or holding fixture to assist in directing the iron to the work. 4. When soldering, coil the fine diameter cored solder into a small helix for easier handling, and feed from the center of the coil. 5. Apply the flat side of the iron against the work with a deliberate touch, not to exceed a slow count of four, until experience dictates the practical limit for the condition. 6. If the solder does not "take", allow the connection to cool, and reapply the iron tip, after adding a small amount of liquid flux. If this does not produce a satisfactory joint, remake the joint. Soldering Precautions When soldering printed circuits, the completed solder fillet must mechanically bond the component lead or lug to the foil terminal area, and electrically provide a low resistance path between the two. The soldering operation must be carried out without damage to the laminate, foil, and adjacent components. Observe the following precautions in addition to the general precautions listed earlier. • Make sure that leads are properly dressed and fixed in position before soldering. • Use the smallest tip size and shortest heat application time possible to avoid damage to board, foil and components. • Use only the solder and flux described earlier. • Use heat sinks to dissipate excessive heat. Excessive temperature will cause the base/foil laminate to discolor, delaminate, blister or
 burn; board components can be damaged or suffer a change in value from overheating. • Protect areas adjacent to the soldering operation with lightweight solder shield, cut and shaped around components. • Avoid excessive solder or splatter. • Be careful not to accidentally touch the iron to the cored solder. This may cause the solder to splatter, damaging the work and
 resulting in painful burns to the operator.
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 Removal of protective sealing (conformal) coating Before starting any repair, it is necessary to remove the protective coating in the defective area to expose and clean the defect. The procedure is as follows: 1. In open base areas with no adjacent heat sensitive components, remove the coating with a chisel-tip soldering iron, using a push motion as shown. Keep the iron moving steadily to prevent heat damage to base or conductor pattern, and to avoid unwanted de-soldering. CAUTION: Do not attempt removal in a single pass. Complete removal in one area at a time. 2. Clean the area with a scrub brush and approved solvent to remove traces of coating or base material particles. 3. Wipe off excess solvent with cotton swabs, and dry with a lint-free cloth. 4. In congested base areas where heat damage to adjacent components must be avoided, use a hook scraper, with a pull motion as shown.. 5. Finish and clean out with an angle scraper or knife point. Smooth any remaining rough areas with file or knife blade. NOTE: When repairs have been completed, the protective coating must be restored to the reworked area.
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 Assembly Precautions and Procedures for RF Connectors on Coaxial Cable There are three types of coaxial cables. The cable is terminated at a coax connector, like BNC or TNC. Coaxial cable consists of an inner (center) conductor separated from the outer conductor, usually called a shield, by an insulating dielectric. The cable is protected against moisture and abrasion by a tough outer jacket (sometimes called a sheath). The inner conductor is usually copper, either solid or stranded, and may be bare, tin plated or silver plated. The outer conductor (shield) is usually a copper braid, bare, tin plated or silver plated, woven over the dielectric. Some coaxial cables have a double outer conductor (double shield) to provide extra shielding. The dielectric has two functions: (1) it provides low loss insulation between the inner conductor and the outer conductor; (2) it maintains the relative position of the inner conductor inside the outer conductor and therefore keeps the capacitance between the two at a constant value.
 BNC connectors - exploded view
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 INTENTIONALLY LEFT BLANK

Page 278
                        

AVIONICS WORKSHOP PRACTICES
 For Training Purpose Only Page 272
 General Precautions When working with coaxial cable, never step on the cable, set anything heavy on it, or bend it sharply. This will flatten the cable and will change its electrical characteristics. Handle coaxial cable carefully at all times. Anything which damages it, or which might lead to its being damaged later, reduces the efficiency of the system. Do not use pliers to assemble or disassemble RF connectors. Contacts for RF connectors are usually packed unassembled. Do not misplace them. When attaching connectors to coaxial cable having a double shield, make sure both shields are soldered together at connector. Use care in starting the nut into a plug or jack body, in order to prevent cross threading. Contacts for RF connectors are usually packed unassembled. Do not misplace them. When attaching connectors to coaxial cable having a double shield, make sure both shields are soldered together at connector. Use care in starting the nut into a plug or jack body, in order to prevent cross threading. General procedures During the preparation of coaxial cable assemblies, observe the following general procedures: 1. Cut coaxial cable to length with long handled cable cutters or pruning shears, making sure cut is clean and square. 2. Identify cable. 3. Strip outer jacket from cable by first making a cut carefully around circumference with a sharp knife as in step1. Attaching improved BNC connectors to coaxial cable. Then make a
 lengthwise slit, step 2, and peel off jacket, step 3. Take care not to nick, cut or damage shield. 4. Comb out the braid by using a pointed wooden dowel or a scriber. CAUTION: Do not damage dielectric or break shield strands. 6. To remove dielectric, cut with sharp knife around circumference, not quite through to center conductor, taking care not to nick or cut strands, or otherwise damage conductor. Pull off dielectric. Another method of stripping the dielectric is to use a soldering iron to which a strip of sheet copper has been fastened as shown.. The dielectric to be stripped is laid in the "V" and rotated. This will melt a clean break that permits the dielectric to be easily removed by hand. 7. Tin inside of contacts (male or female) with soldering iron as shown in Figure. (Use untinned face of tip to prevent depositing solder on outside of contact.) 8. Solder contacts (male or female) to center conductor with clean, well tinned, soldering iron using 60/40 tin-lead, rosin-core solder. CAUTION: Contact must butt flush against dielectric before and after soldering. 9. When assembling the connector always start the clamping nut into the body by hand, and then hold the body assembly in a vise using lead or neoprene jaw protectors. Hold body only on the flats. Do not use excessive pressure, since the body can be easily distorted.
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 Improvised dielectric stripper
 Tinning center conductor
 Tinning inside of contact

Page 280
                        

AVIONICS WORKSHOP PRACTICES
 For Training Purpose Only Page 274
 Soldering Coaxial Cable to RF Connectors Preparation of work. The work to be soldered must be clean and free from oxides. Remove grease by cleaning with Stoddard's solvent or other approved cleaner. Oxides, if not too heavy, are removed by the action of the rosin flux during the soldering operation. Heavily oxidized wire cannot be cleaned by the rosin flux and should be discarded. Selection of soldering iron For good soldering, it is important to select a soldering iron of the proper size and heat capacity. For soldering coaxial cable to RF connectors use an iron with a heating element rated at 65 to 100 watts, and a tip of about 1/4 inch diameter. The soldering tip should be shaped as shown. Maintain this shape by dressing the tip with a mill smooth file. Make sure the soldering iron is clean, smooth and well tinned. NOTE: For soldering coaxial cable to RF connectors, tin only one face of the tip so that areas adjacent to that being soldered will not be coated with solder by accident. Soldering Use only 60/40 tin lead solder with a core of rosin flux. Heat the parts to be joined, and apply the solder at the junction of the soldering iron tip and the work as shown. Do not apply heat longer than is necessary to melt the solder. Excessive heat will swell the dielectric and make it difficult to insert into the body shell. Do not allow solder to flow over the outside of the contact. After the joint has cooled, remove excess flux by wiping with a clean cloth, using denatured alcohol as a solvent, if necessary. Remove excess solder from the contact by scraping with a knife. Be careful not to cut into contact or dielectric. Attaching improved BNC connectors to coaxial cable When attaching improved BNC connectors to coaxial cable follow this procedure: 1. Remove 5/16 inch of outer jacket, exposing shield. CAUTION: Do not nick shield. 2. Comb out shield. Use care to prevent breaking shield strands. 3. Strip dielectric to 3/16 inch from edge of jacket, exposing center conductor. CAUTION: Do not nick center conductor. 4. Disassemble nut, grooved gasket and sleeve clamp from plug or jack body. 5. Taper shield toward center conductor and wrap a piece of thin pressure tape, wide enough to cover the combed out shield (one layer is sufficient) around the shielding forming a cone with the narrow end toward the conductor.
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 6. Slide nut and gasket (V-groove away from nut) in that order over tapered shield onto jacket. Slide sleeve clamp over tapered shield until inside shoulder of clamp butts flush against cut end of jacket. 7. Remove tape from shield, comb shield back smoothly over sleeve clamp and trim to 3/32 inch with scissors. 8. Trim dielectric to 1/8 inch from shield, and cut off center conductor to 1/8 inch from edge of dielectric. 9. Tin center conductor as shown. Tin inside of contact (male or female). Nore: Steps 9 and 10 are shown under general procedure. 10.Slip contact over center conductor so that contact butts flush against dielectric. For RG-62/U and 71/U add bushing. Solder, using a clean, well tinned, soldering iron contact must still be flush against dielectric after solder has cooled; if it is not remake the joint. CAUTION: Make sure that correct contact is used; a male contact always goes into a plug body, and a female contact always goes Into a jack body. 11.Push cable assembly into connector body as far as it will go. Make sure gasket is properly seated, with sharp edge of sleeve clamp entering gasket groove. Slide nut into connector body and fasten in vise. Start nut by hand and tighten with end wrench until enough pressure is applied to make a good seal by splitting the gasket.
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 CRIMPED TERMINATION
 WIRE AND CABLE PREPARATION FOR CRIMPING TERMINAL/SPLICE
 Stripping Wire and Cable
 Before wire can be assembled to connectors, terminals, splices, etc., the insulation must be stripped from connecting ends to expose the bare conductor. For attachment to connectors enough insulation is stripped.
 CAUTION: Do not use hand strippers on wires to be installed in connectors with rubber sealing grommet. Stripping method for copper wire:
 There are number of ways that a copper wire can be stripped of insulation, depending on size and insulation, as shown in the table below:
 Wire strippers for copper wires
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 Stripping aluminum wire
 Strip aluminum wires with a knife as described later. Strip aluminum wire very carefully. Take extreme care not to nick aluminum wire, as strands break very easily when nicked.
 General stripping instructions
 When stripping wire with any of the tools mentioned here, observe the following precautions:
 Discard wires with more than the allowable number of nicked or broken strands given in table below:
 Allowable nicked or broken strands
 When using hot blade stripper, make sure blades are clean. Clean blades with a brass wire brush as necessary. The hot blade stripper will not strip wire with glass braid insulation.
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 b. Make sure all stripping blades are sharp, and free from nicks, dents, etc.
 c. When using any type of wire stripper, hold wire perpendicular to cutting blades.
 d. Adjust automatic stripping tools carefully; follow manufacturer's instructions, to avoid nicking, cutting, or otherwise damaging any strands. This is especially important for all aluminum wires and for copper wires smaller than No. 10. Examine stripped wires for damage, and adjust tool as necessary. Cut off and re-strip (if length is sufficient); or reject and replace any
 NOTE: Longitudinal scratches in copper wire are not considered cause for rejection or rework. e. Make sure insulation is clean-cut with no frayed or ragged edges. Trim if necessary.
 f. Make sure all insulation is removed from stripped area. Some types of wires are supplied with a clear transparent layer between conductor and primary insulation. If this is present, remove it.
 g. When using hand plier-strippers to remove lengths of insulation longer than 3/4 inch, it is easier to do in two or more operations.
 h. Re-twist copper strands by hand or with pliers if necessary to restore natural lay and tightness of strands.
 Substitute hot blade stripper. See Figure below.
 Where a hot blade wire stripper is not available, a substitute can be made and used as follows:
 1. At the end of a piece of copper strip, cut a sharp edged "V". At the bottom of the "V" make a wire slot of suitable diameter.
 2. Fasten the copper strip around the heating element of an electric soldering iron as shown in Figure.
 3. Lay wire or cable to be stripped in the "V"; a clear channel will be melted in the insulation.
 4. Remove insulation with slight pull.
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 Substitute hot blade stripper
 Procedure for stripping wire with hand stripper
 The procedure for stripping wire with plier-type hand strippers is as follows:
 1. Insert wire into exact center of correct cutting for wire size to be stripped. (Each slot is marked with wire size).
 2. Close handles together as far as possible.
 3. Release handles, allowing wire holder to return to open position.
 4. Remove stripped wire.
 NOTE: Jaws will not snap back until wire is removed.
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 Procedure for stripping wire with a knife
 CAUTION: Take care not to nick or cut strands.
 1. Make cut around wire at desired strip length. Do not cut completely through the insulation.
 2. Make second cut lengthwise along stripping length. Do not cut completely through insulation.
 NOTE: When a wire has two or more layers of insulation, cut through outer layers and only score innermost.
 3. Peel off insulation, following lay of strands.
 Stripping dimensions for assembly to connectors
 Stripped length on wires that are to be attached to connectors should be such that when stripped conductor bottoms in solder cup there will be a gap of approximately 1/32 inch between the end of the cup and the end of the insulation, for inspection purposes.
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 Stripping wire with hand tool and knife
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 Tinning Copper Wire and Cable General. Before copper wires are soldered to connectors the ends exposed by stripping are tinned to hold the strands solidly together. The tinning operation is considered satisfactory when the ends and sides of the wire strands are fused together with a coat of solder. Do not tin wires that are to be crimped to Class K (fireproof) connectors, wires which are to be attached to solderless terminals, or splices, or wires that are to be crimped to removable crimp-style connector contacts.
 CRIMPING TERMINAL/SPLICE TO A WIRE Hand Crimping Tools for Connector Contacts The tool for crimping electric connector contacts is MS3191, a hand operated tool, cycle controlled by means of a ratchet which will not release until the crimping cycle is finished. The tool has a separate positioner for each contact size, color coded as follows: Contact Size No. 20: Red Contact Size No. 16: Blue Contact Size No. 12: Yellow Use this tool for assembling wires to crimp type removable contacts of all MS series miniature connectors. CAUTION: Do not disassemble this tool. Do not tighten or loosen nuts on back of tool MS3191-1 crimping tool This tool has one contact positioner installed in the tool, and the other two stored in a cavity in the tool handle. The three contact sizes, and the wire sizes each contact will accommodate are marked and color coded on a data plate on the face of the tool. MS 3191-3 crimping tool In this tool the color coded positioners are fixed in a rotating turret contained in the tool head. Wire sizes are marked on a selector plate on the face of the tool. Correct indentor closure for wire size being used is set by moving thumb button pointer to desired wire size. The standard MS3191 crimping tool is checked for proper adjustment of the crimping jaws by means of the appropriate MS3196-3 gage. Do this before each series of crimping operations. Tool Inspection The standard tool may be checked for adjustment of the crimping jaws by means of an appropriate gauge (MS3196-3). NOTE: If tool fails to gage correctly, or if the ratchet fails, return the tool for repair:
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 Inspecting MS3191-1 crimping tool This tool is gaged separately for each positioner. The procedure is as follows: 1. Make sure the positioner is locked in place. 2. Select the proper gage for the positioner being used. 3. With the tool fully closed, insert the GO gage through the positioned, and into the positioner and dies freely so that the gage handle seats firmly on the top of the positioner. 4. The NO-GO gage should not be able to enter into the crimping dies, and the gage handle does not seat on the positioner. CAUTION: Do not crimp down on the gage pin as this will prevent the tool from cycling to ratchet release position. Inspecting MS3191-3 crimping tool Only the No. 20 wire size indent or setting is gaged for this tool. The procedure is as follows: 1. Slide the thumb button until the pointer is in line with the No. 20 wire size on the selector plate. 2. Close the handles to fully closed position. 3. The GO pin of MS3196-20 gage should pass freely through the indentor tips. 4. The NO-GO gage pin should not pass between indentor tips. CAUTION: Do not crimp down on the gage pill as this will damage the indentors.
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 MS 3191 Standard Crimping tool
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 Assembly and Maintenance of Electrical Plugs and Sockets
 There are many different types of plug and socket connectors, each having its own maintenance requirements, therefore, reference should always be made to the relevant manufacturer's Maintenance Instructions and aircraft Maintenance Manual or Wiring Diagram Manual for precise details of cable preparation, special tool requirements (including insertion and extraction tools) and crimping information. There are two basic types of contact retention used in plug and socket connection in aircraft, one with contact being released for removal from the rear of the contact insert and the other, from the front. Each system requires the use of different types of insertion / extraction tools.
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 Insertion tool for crimp-type contacts The MS tool for inserting contacts into connector inserts is MS24256A. There is a separate tool for each contact size as listed in Table. Inserting tools for contact sizes 16 and 12 have a hollow lip that fits snugly over the contact crimping barrel. The tool for size 20 contact fits over the insulation support. Contact sizes 16 and 12 do not have insulation support. An indicating band on the working end of the tool determines correct depth of tool insertion. Use this tool to insert contacts in all MS miniature connectors with removable contacts. Extraction Tools for Crimp-type Contacts The MS tool for extracting contacts from connector inserts is MS24256R. The sizes for each contact are listed in Table. This tool has a hollow cylindrical probe that fits snugly over the pin or socket end of the contact, and releases the insert retention clip
 Insertion and extraction tools
 when pushed over the contact. Two indicating bands determine correct depth; the band nearest the working end of the tool is for pin contacts, the other for socket contacts. The extraction tool has a thrust assist collar (or slide) that is pushed forward to eject the contact
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 from the insert retention clip by means of an internal plunger. Use this tool to remove contacts from all MS miniature connectors with removable contacts.
 Crimping Procedure
 Crimping procedure for MS3191-1 tool
 The procedure for assembling wires to contacts with the MS3191-1 hand crimping tool is as follows:
 1. Open the crimping tool by exerting pressure on the handles until the ratchet releases.
 2. Loosen the latch locking screw, and pull the latch to the open position.
 3. Pull the positioner release all the way down against spring pressure and insert the correct positioner for the contact being crimped. Insert the positioner so that the flat on the flange mates with the flat on the handles, and the flange is flush with the handle.
 4. Push the positioner latch to the closed position, and tighten the latch locking screw.
 5. Strip the wire using any of the methods described earlier.
 Stripping lengths are:
 Contact size 20 - 0.157 to 0.186; Contact size -16 -0 .250 to 0.284; Contact size 12 - 0.250 to 0.284
 6. Insert the stripped wire into the contact until end shows through inspection hole and insert both through the indent or opening into the positioner.
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 Assembling wires to crimp-type contacts
 7. Squeeze the tool handles with one firm stroke until the positive stop is reached. The ratchet will then release and the tool will open. Remove the crimped contact and wire.
 Crimping procedure for MS3191-3 tool
 The procedure for assembling wires to contacts with the MS3191-3 hand crimping tool is as follows:
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 1. Release turret by depressing turret latch with thumb, and rotate turret until correct positioner for contact being crimped lines up with index line on head assembly.
 2. Push turret down into latched position.
 3. Slide thumb button until pointer is in line with wire size being used, as marked on selector plate.
 4. Strip wire.
 5. Insert the stripped wire into the contact until end shows through assembly hole. Insert wire and contact through the indent or opening into the positioner.
 NOTE: When crimping size 20 contacts, make sure that insulation extends into insulation support of contact.
 6. Squeeze the tool bandies as far as they will go. The ratchet will then release and the tool will open.
 7. Remove crimped contact and inspect.
 NOTE: Provision is made for safety-wire locking both head and thumb button for production runs of same size contact and wire.
 Eyesight crimping.
 Short contacts may be crimped in the MS3191-4 tool (MS3191-3 with the turret removed). The procedure is as follows:
 1. Release the turret by depressing the turret latch.
 2. Loosen the two retainer screws with the 1/8 Allen wrench supplied with the tool. Remove the head from the tool frame.
 3. Slide the thumb button until the pointer lines up with the wire size to be crimped.
 4. Insert the contact into the tool, and slowly close the handles, at the same time positioning the contact so the indentors will crimp midway on the crimp barrel.
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 5. Hold the contact lightly with the indent or tips, and insert the stripped wire into the contact.
 6. Make sure the wire is bottomed in the contact, and close the handles all the way.
 7. Remove the crimped contact, and inspect.
 8. Check to make sure that the wire is visible in the inspection hole.
 Assembling Wired Contacts into Connector
 Insert the crimped contact into the connector as follows:
 1. Slide rear accessories back onto wire bundle.
 2. Select the correct insertion tool from Table. Insert the crimped end of the contact into the hollow end of the insertion tool, and lay the wire into the slot in the tool handle.
 3. Guide the contact into the correctly numbered grommet hole in the rear face of the insert, and feed the contact carefully into the hole.
 4. Push the tool straight in at right angles to the grommet surface, until the contact is fully seated. As the indicator band on the tool enters the grommet hole the contact retention clip will snap into place on the contact with a slight audible click.
 5. Withdraw the tool, keeping it perpendicular to the grommet face.
 6. Fill all unused holes with sealing plugs of appropriate size.
 CAUTION: Do not attempt to reseat a contact once the insertion tool has been removed. Remove contact and start over again with contact barrel properly located in tool. Failure to follow this precaution will cause insertion tool to shear barrel while inside grommet. Sharp edge of sheared material will cut through grommet web and cause short circuit.
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 Alternate Contact Assembly Procedure
 If desired, the following procedure may be used to insert wired contacts into the connector:
 1. Push the wired contact carefully into the correct grommet hole. Do not push all the way in.
 2. Slide the insertion tool over the contact barrel. When installing a size 20 contact, the tool internal shoulder will butt against the rear of the contact insulation support. When installing size 16 or 12 contacts the tool tip will butt against the contact shoulder.
 3. Complete the procedure by following steps 4, 5 and 6 in the previous procedure. Always observe the related caution note.
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 Assembling wired contacts into connector
 Removing contacts from connector
 Remove contacts from the connector as follows:
 1. Select the correct extraction tool for the contact to be removed from Table.
 2. Slide rear accessories back on the wire bundle.
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 3.Working from the front or mating end of the connector, slip the hollow end of the extraction tool over the contact, with the tool parallel to the contact, and squarely perpendicular to the insert face.
 NOTE: The Pyle-National extraction tool has a spacer sleeve with positions for either male or female contacts. Set to correct position before installing tool on contact.
 4. Push the tool toward the rear of the connector with a firm steady push until the tool comes to a positive stop and bottoms in the insert hole. A slight rotation of the tool may aid the tool insertion.
 5. Push the thrust assist collar or slide forward as far as it will go.
 6. Withdraw the tool from the contact, keeping the tool perpendicular to the insert face.
 7. Remove the contact from the back of the connector.
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 Removing crimp-type contacts from connector
 CAUTION: Make sure the extraction tool is always exactly aligned with the contact to avoid damage to the contact or to the insert.
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 Non-standard connectors with removable crimp-type contacts In addition to the MS connectors, there are four series of non-standard connectors also having removable crimp-type contacts. These are assembled in the same way as the corresponding MS standard connectors, except that tools used are made by the manufacturers of the connectors. These non-standard connectors are as follows: • Amphenol #69 series: Similar to the large standard MS connectors, and mating with them. • Bendix #10-214000 series: Similar to the large standard MS connectors, and mating with them. CAUTION: Size 16 pin and socket contacts are available in long and short lengths. Care should be exercised to prevent mis-mating one to the other. • Cannon EXA series: Similar to the AN type Class R connectors and mating with them. • Bendix CE series: A miniature series of connectors, available in shell styles similar to those of MS miniature connectors made by
 Bendix.
 Tables show the appropriate tools for different types of connectors:
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 Continuity test Test all wires and wire groups as fabricated, with terminations attached, for continuity between the termination points • Do not use lead pencils to count pins in connectors; points can break off and lodge in the connector, leading to arcing, shorting, and system malfunction. • Do not use oversize prods in connector sockets during testing; this may result in splayed or damaged sockets. • Do not puncture wire insulation with a probe, or attach clamps to wire insulation while continuity testing or troubleshooting.
 Continuity test procedure Use the ohmmeter section of an approved multimeter, such as the shown in Figure to determine circuit continuity. Continuity for short runs, where conductor resistance is not a factor, is defined as "zero" resistance. The procedure for determining continuity using the multimeter is as follows: 1. Set the function control to OHMS and the range control to the 0-1,000 ohms range. Zero the instrument as directed in the operating manual for the instrument. 2. Apply the test leads to the terminations the wire run. 3. Note reading on the ohms scale. A reading of 0.25 ohms is considered verification of circuit continuity.
 NOTE: The test lead extremities contacting the terminations under test must provide adequate constant contact, and must not damage the termination.
 Test leads:
 For ground points and terminal lugs, use test leads with alligator clips. For connector pins and sockets, use a special lead ending in a sleeve-insulated pin or socket of the same size as that being tested.
 CAUTION: Do not insert an oversize test probe into a connector socket, as this will result in a splayed or damaged contact. Do not hang a test lead from a pin contact as this will result in a bent pin.
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 THE END
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