
	
		
		    
			
			    
			
			
			    
			    
			    
			 
		    

		                     
				 Home
	 Add Document
	 Sign In
	 Register


			
			    
				
				    
					
					
					    
					

				    

				

			    

			

		    

		

	

	
    
	
	        	    
		    		Module13 B2 ata  31    	    

	    	    	Home 
	Module13 B2 ata  31


	

    




    
	
	    	    
		
		    
			
			    
				...			    

			        			    
    				Author: 
				    					Şelale Çömlekcioğlu				        			    

			    
			

			
			    

			     30 downloads
			     505 Views
			        			     23MB Size
			    			

			
			     Report
			

		    

		    
			
			    
				 DOWNLOAD .PDF
			    

			

			
			    
				
				
				    
				
				
				
				    
				
				
				    
				
			    

			    
				

			    

			

		    

		    

		    

		    
		    

		

            

            
                
                    Recommend Documents

                

		
		    									    
    
	
	    
	
    

    
	
	    
		Module13 B2 ata  31	    
	
	
	    Full description

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		Module13 B2 ata  31	    
	
	
	    Descripción completa

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		ATA 31 Airbus 330	    
	
	
	    ATA 31 Airbus 330

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		ATA 31 Airbus 330	    
	
	
	    ATA 31 Airbus 330Full description

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		Generalidades Familia a 320, ATA 24, ATA 31, ATA 29.	    
	
	
	    Generalidades Familia a 320, ATA 24, ATA 31, ATA 29 de una forma básica pero esencial para el ramo.Descripción completa

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		B767 ATA 31 Student Book	    
	
	
	    B767 ATA 31 Training Manual. Contains detailed discussion of Indicating and Instrument System of the B767 aircraft.

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		Ata 31 Alpha Call Up	    
	
	
	    Descripción completa

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		Airbus A320 ATA 31 EIS Presentation	    
	
	
	    Airbus A320 ATA 31 EIS PresentationDescripción completa

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		A320 ATA 31  L3 TECHNICAL TRAINING MANUAL	    
	
	
	    Austrian Airline A320 Family technical training manual LEVELIII

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		CAR 66 B1 Lic Module 11.5.1 Instrument System (ATA 31)	    
	
	
	    CAR 66 B1 Lic Module 11.5.1 Instrument System (ATA 31)

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		31	    
	
	
	    1

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		31	    
	
	
	    Descripción completa

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		31	    
	
	
	    Full description

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		Basic Avionics part 1 (ATA Ch 22, 23, 31)	    
	
	
	    This document will be helpful to have an idea about Avionics in general.

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		CAR 66 B1 Lic Module 11.5.1 Instrument System (ATA 31)	    
	
	
	    CAR 66 B1 Lic Module 11.5.1 Instrument System (ATA 31)

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		31	    
	
	
	    

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		ATA 100	    
	
	
	    Documentación sobre ATA 100

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		Ata chapters	    
	
	
	    havacılık

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		ATA 100	    
	
	
	    motores

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		ATA 52	    
	
	
	    737 DoorsDescripción completa

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		ATA 28	    
	
	
	    

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		ata PIEF	    
	
	
	    modelo de ata

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		ATA 30	    
	
	
	    ata 30 protección contra hielo y lluviaDescripción completa

	

    

    

    


						    
    
	
	    
	
    

    
	
	    
		ATA U3	    
	
	
	    ejercicios matematicasDescripción completa

	

    

    

    


					    		

            

        

        
	                	
		

		
		    			
			    
				
			    

			

		    		    
			
			    
								    				    SR Technics (;



Basic Maintenance Training Manual



Module 13 Aircraft Structures and Systems 138 Instru ment Systems (ATA 31)



13.8 Instrument Systems (ATA 31)



Se;:>041 n i H COPy"gh/ by SR Tec/mrc:s SWlllerland



Correspond ing WIth EASA Part-66 For Iramlng purpo:ses anly



Cat : 82



13.8 - 1



 SRTechnics I;



Basic Maintenance Training Manual



Position Transmitting



Module 13 A ircraft Structures and Systems 13. 8 Instrument Systems (ATA 31)



Ratio System Moving coil meter, servo systems. AC converters etc. are all devices tha t use ratio signals. A simple way to show the level or amplitude of a ra tio signal is with a moving coi l meter. This type of indicator has a low torque avai lable to drive other systems. When other systems need more torque , a servo system is a better choice.



AC and DC Ratio Signals Introduction An AC or DC ratio signal has a va riable amp litude or level. A certain pa rameter controls the amplitude or level of such a signal. A device with a va riable output level makes such a signal. The amplitude or level , changes under control of the parameter, betwee n a high and a low level. These levels are different from device to device and depend on the design of the device.



Figure 2: DC



Potentiometers, synchros, RV DTs/LVDTs and rate generators are examples of devices that make AC or DC ratio signals. Parameters which control the output of these devices are for example speed , angular displacement, etc.



AC



Figure 1: Amplitude depending of Parameter Ampl i tude
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Figure 6: Potentiometer



A variable resistance signal is made by a device of which a certa in parameter controls the resista nce . The resistance va ries between a high and a low value . These limits depend on the type and range of the resistor.



Linear Potentiometer



Parameters which control the resistance are, for example , temperature , rotation or pressure Figure 4 : linear and non linear
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Figure 7: Resistor, Rheostat and Potentiometer
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Figure 9: Output of a Control Transformer



Figure 8 :



Inpu~ Stator



Voltmeter



a)



26VAC Excitation



Rotor A transformer consists of a primary and a secondary coil. The primary coil produ ces a continuously changing magnetic flux in the iron core . In the secondary coil the changing flux induces a alternating voltage . a)



The primary coil excited by U 1 is aligned with the secondary coil. Output U2 has the same phase angle as the input voltage.



b)



The primary coil is 90 clockwise rotated. No magnetic fiux goes through the secondary coil. Output U2 is null.



c)



The primary coil is 180· in the opposite of the first position. The phase ang le of the output voltage is opposite of the input voltage.



d)



The primary coil is 270 rotated . The output is also null. No magnetic flux goes through the secondary coil.



0



0



Positions in between the 4 shown card inal positions wil l change the amplitude of the output. not the phase ang le.
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Figure 11:.



Introduction A typical synchro has a rotor and three stator coils . The coils in the stator are at 120 degrees with respect to each other. This unit acts like 3 control tra nsfo rmers contained in one unit. Figure 10:



r - - - - - --, . -_ _1'----0 X



I



~ ~~ n



s,.-------------~



5,



R,



5,



R,



53



Y



Us,



H 'VC



1'----\------,.-



Symbol



Z



]c Synchros use 26 V AC or 115 V AC for excitation of the rotor The excitation makes a magnetic field in the rotor coil. This magnetic field induces a voltage in the stator coils. The voltages in the stator coils are in-phase or 180 degrees out-of-phase with respect to each other The vo ltage in the stator coi ls depends on the angle between the rotor coil and each stator coil. When we turn the rotor. the mag netic fie ld in the stator also turn s and the voltages in the stator coils change.
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Figure 12:



The output signal of a synchro is an AC signal which has angular informatio n. The synchro's which make these signals are synchro transmitters. These transmitters are of the old multi-coil type or of the latest solid-state type . The multi-coil type makes from a mechanical input a synchro signal, the second from an electrica l input.



Synchro Receifer



In a synchro system we connect the three output signals of a synchro transm itter to the three inputs of a synchro (receiver) The field that is made by the rotor of the synchro transmitter is now repeated in the stator of the synchro receiver. Before the rotor of the rece iver takes the position of the field in the stator we have to make a field in the rotor of the receiver This field must be 180· out of phase with the field made by the synchro transmitter. The rotor of the synchro receiver now goes to the same position as the rotor of the synchro transmitter. Any time we change the position of the rotor of the synchro tran smitter the rotor of the receiver follows this turn.
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Figure 13: Servo System



The rotor of a synchro receiver gives a limited torque for other systems . When this torque is not high enough we have to use a servo system



In a synchro-servo system the rotor of the synchro receiver gives a signal to a servo amplifier. In this system the rotor of the receiver is not connected to a supply source but it makes a sig nal from the stator-field in the receiver synchro. The output signal of the servo amplifier drives a motor. The motor drives, via a reduction gear, the rotor of the synch ro receiver and a load .



,



When the output signal of the rotor of the synchro receiver is not zero , the servo amplifier drives the motor. The motor adjusts the position of the rotor of the synchro receiver and the load until the output signal of this rotor is zero. This output signal is zero when the angle between the rotor and the stator field is 90 degrees.
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Figure 14: Monitoring



The output of the rotor of the synchro receiver is also zero when the transmitter supply fails or a rotor wire is broken. To make it possible to detect these fai lures there are synchro receivers with two rotor windings These two windings are at 90 degrees with respect to each other. VV'hen the rotor of the synchro rece iver is in the correct position. the output signal of one coil is zero and the output of the other coil is maximum. With these two signals it is possible to see if the system works properly. A continuity detector monitors the two output signals of the rotor coils and when everyth ing is all righ t it enables a valid signal 10. for example. a f lag.
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Figure 16 : OS used to synchronize a Compass System



With a differential synchro it is possible to add or subtract angles. Th is synchro has three coils in the rotor and three coils in the stator at 120 degrees with respect to each other. When the rotor of th is synchro is turned toward left or right . it adds or subtracts this angle from the angle the stator field has in the stator.
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Figure 15: Symbol
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The next diagram of a DG slaved compass system shows the usage of a differential synchro . The flux valve sends the direction of the earth magnetic field to the flu x va lve control transformer. If the mastershaft is not in the position which represents the madlnetic heading, the slaving amplifier torques the directional gyro with a rate of 5 per minute to the correct position . The position of the directional gyro is transmitted via differential synchro to the master shaft. If the master shaft corresponds to the flux valve signal , the annunciator shows zero and the slaving is correct.
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If the difference of mastershaft and earth magnetic field direction is to big , synchronizing takes to much time , so the pilot changes the DG output signal w ith the differential synchro to synchronize the compass manually, until the annunciator shows zero . In th is case the DG will then maintain its own direction.
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Figure 19: Resolver as Angular Transmitter



Resolvers The resolver has two stator coils and a rotor coil. The two rotor coils and the two stator coi ls are at 90 degrees with respect to each other. A resolver makes from the signals in the stator coils sine and cosine sig nals. Figure 17: Resolver
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Figure 18: Sinus and Cosinus Signal depending of existing Angle
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Figure 20: Resolver as Phase Angle Shifter 0 ·360· Phase Angle Selection a



t



•



. ..



V Stator -



u



Uo



Phase Shifting Network



Uo 'I ~



gO'



Amplitude (il = 180' )



Sep04 I THTT Copynght by SR Technics SWitzerland



* Corresponding w ith EASA Pa(t-66 For training purposes only



~ ~



D



-iololo l



,,



i



0 -360 '



_r_-


Roto



~ • v Vv vv



U gO '



Cat: B2



13.8-9



 SR Technics Ii



Basic Maintenance Training Manual



Linear Variable Differential Transformer LVDTs



Module 13 Aircraft Structures and Systems 13.8 Instrument Systems (ATA 31 )



Figure 21 : LVDT



A transformer induces an output voltage in the secondary coil. According the direction of the wind ings, the phase angle is in (zero degr. ) or opposite phase (180 degr.) The phase angle can be determined with dots.
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Linear Variable Differential Transducers (LVDTs) change linear pOSition informa tion into electrical signals.



•



An LVDT has: one primary coil, a linear moveable iron core and two in seria l connected secondary coils



~seCOndary /



The mechanical input changes the position of the iron core. The position of the core changes the magnetic coupling between the primary and the secondary coils. When the input moves the core in one direction, one of the secondary coils receives more magnetic flux . This induces a higher voltage in the coil.



•



Electrical Output



The other secondary coil receives less magnetic flux. This induces a lower voltage . The difference between voltages induced in the secondary stator coils is proportional to the mechanical position .



Coils



Iron-Core (moveable)



A. The position of the iron core is centred . The magnetic fie ld induced by pri mary



coil is equally divided between the secondary coils.Therefore the output voltage is zero. 8 . The iron core has moved upward. Now there is more coupling to the upper coil and less coupling to the lower coil . The output voltage increases and is in phase with the excitat ion.



Jr~ III



C The iron core has turned downward . Now there is more coupling to the lower coil and less coupling to the upper coil. The output voltage increases and is in opposite phase with the excitation .
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TIle AC voltage from the LVDT is proportional of the deflection of the core and the phase is depending of the core direction The signal must be phase-dependant demodulated (Synchron demodulator) TI1e ampl ified signal goes via electro nic switch . This closes periodica lly by the positive phase of the reference voltage. With no input signal the indicator shows zero.



Figure 22 : Neutral Position



When the core moves to the right. the positive sine wave passes duri ng transit time the electronic switch The pointer of the instrument shows to the right side . Figure 24 : Deflection toward left
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Vv'hen the core moves to the left, the negative sine wave passes during transit time the electronic switch The painter of the instrument shows to the left side. Figure 25 : Usage of lVDT
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Figure 23: Deflec tion toward right
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Figure 26:
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Zero Position : The position of the iron core is zero. The magnetic field induced by primary coil L3 is equally divided between L,and L2 . Therefore the voltage R-T is zero.



26 VA C



Rotary Variable Differential Transducers (RVDTs) cha nge angular position information into electrical signa ls. An RVDT has: a primary stator coil an iron rotor core two secondary stator coils.



Rotated clockwise: The iron core has turned clockwise Now there is more coupling between L3 and L2. and less coupling between L3 and L, . The vol tage between T and S increases and the voltage between Rand S decreases.



The mechanical input changes the position of the iron core. The position of the core changes the magnetic coupling between the primary and the secondary stator coils. When the input rotates. one of the secondary coils receives more magnetic flux . This induces a higher voltage in the coil. The other secondary coil receives less magnetic flux . Th is induces a lower voltage . The difference between voltages induced in the secondary stator coi ls is proportional to the rotated angle. This is an AC Ratio Signal. The difference between rotation direction is that the output-voltage between Rand T is of opposite phase. The output measured between Rand T is an AC-RATIO signal which represents the rotated angle of the RVDT.
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Rotated counter clockwise: The iron core has turned counter-clockwise. Now there is more coupling between L3 and L, and less coupling between L3 and L2. The voltage between T and S decreases and the voltage between Rand S in creases .
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Figure 28: Servoloop with DC - Motor



Servo Motors and Tacho Rate Generators Servo Loops The DC servo motor loop is called a loop because of the closed nature of the system operation. The DC source is connected to the variable control potentiometer and to the follow -up potentiometer.



Servo Amplifier



Motor



A servo amplifier amp lifies the ratio signal and drives a motor with it. The motor drives a feedback device and a load . The sig nal from the feedback device also goes to the servo amplifier. The load is in the correct position when the difference between the ratio and the feedback signal is zero.
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Servo Loop with DC Motor



Feedback Device



Any time there is a difference between the two signals, the motor drives the load and feedback until both signals are equal. The polarity of the difference determines the direction of rotation .



-, Figure 29: Servo Loop with AC - Motor



Servo Loop with AC Motor When we must have even more torque, it is better to use an AC motor. A chopper circu it makes AC from the DC signal. To drive the AC motor with this signal we need an extra amplifier. The rest of th is system works like the DC servo system.
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Figure 30: 2 Phase Motor running CCW, CW and braked



The AC two-phase inductance motor servo motor. It may be very small or it may be quite powerful. The construction of the stator has two fields. These two fields are represented symbolically by two coils drawn at rig ht angles to each other. Counter Clock Wise Rotation CCW If a 400 Hertz voltage with a phase ang le of 0° is connected to the variable field and an oth er 400 Hertz voltage with a phase angle of 90° The resu lting field rotates at 400 revolutions per second. A capacitor in series with the fixed field sh ifts the voltage 90° of the variable field .
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Rotation of the magnetic field in the motor tends to drag the rotor after it in the same direction. How fast the motor moves depends upon its load and the strength of the magnetic field, which effective ly is dependent upon the strength of the vari able signal. Clock Wise Rotation CW The phase of the variable signal has been reversed. This reverses the direction of rotation of the resul ta nt fie ld. The direction of motor rotation depends upon the phase of the variable signal, and the speed of rotation depends upon its amplitude. Braked Often times it is desirable to apply an electrical brake to a two-phase servo motor This can be done by disconnecting either the variable field or the fixed field. If only one field is left operative, the motor does not rotate because the field does not rotate. Th is tends to hold the rotor of the motor in a fi xed position .



Figure 31 : 2 Phase Motor in a Servo-Loop with Control Transformer Ope,aled Item
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Servo motor loop USing a control synchro input It is typical of many such loops used throughout aircraft systems. Whenever the amplifier sees a signa l of a particular phase, it drives the motor in a particular direction until the synchro ro tor comes to a particular null. A signal of opposite phase from the synchro rotor drives the servomotor in the opposite direction. The synchro rotor therefore always is driven to a particu lar null.
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The operating signal will come from some remote sou rce whose mechanical position we want to duplicate in the operated item. For example, the re mote source could be a directional gyro and the operated item could be a compass ind icator.
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Example of a Servo Loop with Tacho Generator



Tachometer generator and ra te generator are the same device_The output from a tachometer generator is in phase , or opposite phase angle with the excitation .



The aircraft heading. represented by the angular position of the mastershaft, is send as heading signal to the control transformer. If the /lead ing dial o f the indicator does not correspond with the ai rcraft heading , an error signa l resu lts to the input of the amplifier The command signal d rives the molor. If the heading ca rd positio n is identica l with the aircraft heading , the error output of the control transformer goes to null , so the motor stops.



Tachometer not running The powered fixed field is perpendicular to the variable field . The magnetic field is perpend icular to the variable field there is no transformer action and no signal out of the variable field winding .



Rotor turns in clockwise direction The rotor as tending to drag the magnetic fi eld along with it. A slow rate of movement of the rotor does nol bend the magnetic field very much , whereas a greater raie of motion moves the field farther. The generated voltages increases in speed of the ro tor. A low rotor speed the small transformer coupling results in a small output voltage At clockwise direction of rota tion the output is a 400 Hz w ith a phase angle 180 deg rees with a small voltage amplitude . Speeding up the rotor displaces the magnetic field farther away from perpendicular. causing a larger voltage to appear at the output. The amplitude of the output is a d irect function of the rotor speed



Rotor turns in counter clockwise direction The field has been moved away from perpendicular in the OPPOSite direction , and therefore the phase of the output is o pposite. The output frequency is independent of rotation speed 400 Hz. One of the greatest uses of the rate generator is to provide inverse feedback signals in servo motor systems for speed limiting and smoothing functions. Another use is to provide rate signals .
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Figure 33 : Heading Dial Servo Loop with Rate Feedback
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Figure 32: Consta nt Frequency , variable Amplitude Output Fi xed



The tacho gene rator produces a signal proportional with the rolat ing speed of the motor witn the heading dial. The rate feedback is opposite applied to the amplifie r. This reduces the rotating speed of the indicator to prevent overshoot ing and oscillations when the scale reaches its final position.
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Gage Pressure Instruments



Pressure Measuring Instruments Pressu re is the amount of force acting on a given unit of area , and all pressure must be measured from some known reference. Absolute pressure is measured from zero pressure, or a vacuum . Gage pressure is measured from the existing atmospheric pressure , and differential pressure is the difference between two pressures.



Absolute Pressure Instruments Th is instrument uses a sealed . evacuated , conce ntrically corrugated metal capsule as its pressure-sens itive mechanism. The concentric corrugations provide a degree of springiness that opposes the pressure of the air. As the air pressure increases , the thickness of the capsule decreases, and as the pressure decreases, the capsule expands. A rocking shaft, sector gear, and pinion multi ply the change in dimension of the capsu le and dri ve a pointer across a ca librated dial. Figure 34: Aneroid



Gage pressure is measured from the existing barometric pressure and is actually the pressu re that has been added to a fiuid.



Burdon Tube A Bourdon tube is typica lly used to measure gage pressure . This tube is a fla ttened th in-wall bronze tube formed into a curve. One end of the tube is sea led and attached through a linkage to a sector gear. The other end is connected to the inst rument case through a fitting that allows the fiu id to be measured to enter. When the pressure of the fluid in side the tube increases, it tries to change the cross-sectional shape of the tube from fiat to round . As the cross section changes . the curved tube tends to straighten out. This in turn moves the sector gear. which rotates the pinion gear on which the pointer is mounted . Bourdon tube instrumen ts measure relatively high pressures like those in engine lubricating systems and hydraulic systems Figure 35: Burdon Tube
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Bellows



Differential Pressure Instruments



Lower pressures such as instrument air pressure, deicer air pressure, and suction are often measured with a bellows mechanism much li ke an aneroid capsule . The pressure to be measured is taken into the bellows. As the pressure increases , the bellows expands and its expansion rotates the rocking shaft and the sector gea r. Movement of the sector gear rotates the pinion gear and the shaft o n which the pointer is mounted



A differential pressure is simply the difference between two pressures. A differential bellows like that in the figure below is a popular instrument mechanism that can be used to measure absolute, differential, or gage pressure. When used to measure differential pressure , as it is when used as a fuel pressure gage, one bellows senses the air pressure at the carburetor inlet. and the other bellows senses the fuel pressure at the carburetor fuel inlet A differential bellows can be used to measure gage pressure by leaving one of the bellows open to the



Figure 36 : Bellow Mechanism and Instrument



atmosphere and the other connected to the pressure to be measured. Figure 37: Differential Bellows with Indicatio n Mechanis m
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Strain Gages



Piezo-Resistive Sensors



This electric passive devices are used to detect forces. The resis tance of straingages va nes with the force applied to it. The metallic wire consists of a chromenickel alloy . The length and the diameter of the conductor changes as a function of the force . Expand ing force increases . shortening force decreases the resistance .



p- or N- conducting elemen ts are diffused into a pure silicon substrate . Th is so called piezo-resistive effect changes the resi stance with a much higher sensitivity a metallic stra in gage does .



Th is sensors are used for different applications. Structure monitoring, force sensors. pressu re transdu cers and weight measuring. Inside pressure sensors , the pressure affects is changed in to force .



Semiconductor based sensors in many different forms The substrate of the pressure sensor shown below has a dimension of 3.5 x 3.5 mm Inside the re is a bridge with 4 elements. Figure 40 : Piezo Resistive Element



Figure 38 : Strain Gage Force
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Figure 39 : Pressure Indication using Strain Gage Bridge



Pressure



Force



., 1>$0 . " ",



,



, --------------:-FA1 ~ Oxygen Cylinder



OUMti tV Indicator



Corresponding with EASA Part-56 For trtltnmg purposes only



Cat: B2



13.8-18



 Module 13 Aircraft Structures and Systems 13.8 Instru ment Systems (ATA 31)



Basic Maintenance Training Manual



SRTechnics () Variable Frequency Signals



A variable frequency signal has a frequency which is controlled by a certain parameter. A device with a variable output frequency makes such a signa!. The fre quency varies , under contro l of the parameter, between a hig h and a low frequency _These limit frequencies are different from device to device and depend on the design of the device A control voltage. a variable capacitor, or a variable resistor are , for example , parameters that control the frequency_



Th is very sensitive and accurate pressure transducer is used inside airdala computers . The oscillator coil assembly oscillates the d ia phragm, Its resonan t frequen cy increases with the applied pressure against the vacuum reference inside the transducer. The output frequency , proportional to the pressure is easi ly changed ins ide the computer, into a digital signal. The temperature sensing resistor compensates influences of the ambient temperature .



Figure 42: Vibrating Diaphragm Transducer



Frequency counters, microprocessor system and special moving coil meters are all dev ices that work with variable frequency signals. Figure 41: Linear Parameter Output after Conversion
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Figure 43 : Pressure to Digital Co nversion
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Temperature Indication Temperature is one of the most important measurements in the aircraft operation . Operational temperatures range from well be low freezing for outside air, fu el , oil , air-conditioning and pneumatic air to aro und 1QQQoC for exhaust gas temperatures.



Nonelectrical Temperature Measurements Most solids , liquids, and gases change dimensions proportional to their temperature changes. These dimensional changes may be used to move pointers across a dial to indicate changes in temperature . Bimetallic Most small general aviation aircraft have an outside ai r temperature gage protruding through the windshield. This simple thermometer is made of strips of two metals having different coefficients of expansion welded together, side by side. and twisted into a helix , or spiral. When this bimeta llic strip is heated , one strip expands more than the other and the spiral tries to straighten out. A pointer is attached to the metal strip in such a way that, as the temperature changes, the pointer moves across a dial to indicate the temperature.



Module 13 Aircraft Structures and Systems 13.8 Instrument Systems (ATA 31)



Gas Expansion Temperature is determined by measuring the pressu re of the vapors above a highly volatile liquid . The vapor pressure varies directly as the temperature of the liquid . Bourdon tube consists of a hollow brass or bronze elli ptical-shaped tube formed into a semi-circle . One end of the tube is open and connected to the fluid to be measured . the opposite end of the tube is sea led. As pressure is applied , the elliptical tube changes shape and tends to straighten the semi-circle curve . The bourdon tube need to bee attached to a mechan ica l linkage and pOinter to create a usefull instrument.



A th in-wa ll, hollow metal bulb is connected to Bourdon tube by a capi llary tube, that has a very small inside diameter. The bu lb is filled with a volati le liquid su ch-as methyl chloride which has a high va por pressure , and the entire bulb, capillary , and Bourdon tube are sea led as a unit. The bulb is placed where the temperature is to be measured and , as its temperature changes, the pressure of the vapors above the liquid changes. This pressu re change is sensed by the Bourdon tube . wh ich moves a pOinter across a dial that is calibrated in deg rees Fahren heit or Ce lsius. Figure 45: Remote Temperature Indication with Bourdon Tube Bourdon Tube
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Figure 44: Bimetallic Outside Air Temperature Indication
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The NTC (Negative Temperature Coefficient) resistor. It's resistance decreases at increasing temperatures So it is called: High temperature conductor (Heissleiter)



The PTe (positive Temperature Coefficient) resistor. It's resistance increases with increasing temperature So it is called Low temperature conductor: (Kaltleiter)



Tile temperature sensing bulb consists of a coil of fine nickekhrome wire encased and sealed in a thin stain less steel tube. This bulb is immersed in Ihe fluid whose temperature is being measured . The resistance of the nickel-chrome wire varies directly with its temperatu re. At the low end te mperatu re, the bulb resistance is approximate ly 20 ohms, at its high end , its res istance is about 200 ohms . Figure 47: Resistance Temperature Bulb



Figure 46: Resitance verus Temperature
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Ratio Meter Circuits



Bridge Circuits



The instrument uses two coils mounted on the indicator needle. When the temperature is low and the bulb resistance is low, more current nows th rough the coil 1 and the bulb than flows through coil 2 and resistor R1 . The resul ting magnetic field pulls the needle toward the low side of the dial. When the temperature is high and more current flows through coil 2 and R 1 than coil 1 and the bulb, the needle deflects toward the high side of the dial.



(Wheatstone) Bridge circuits are a specia l type of complex circuit often used in electrical measuring and controlli ng devices. The figure below shows a typical bridge circuit used to measure temperature . Resistor R2 is a temperature probe. It resistance changes as its temperature changes .



Figure 48: Ratiometer with Moving Coi l Instrument



When the bridge is electrically powered. electrons finds two path throug h which they can flow. They can flow through resistors R, and R2 or they can flow through reSistors R3 and R4. If the fou r resis tors have values such that the ratio of the resistance R, to R2 is the same as the ratio of R3 to R4. then the voltage at poi nt C will be the same as the vo ltage at pOi nt D. Because there is no voltage drop (no voltage difference) across the indicator, no current will flow through it. In th is condition , the bridge is said to be balanced .
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ReSistor R2 is variable, and as it changes from the value that ba lanced the bridge. a voltage drop will be developed across the indicator that causes current to flow through it. As the resistance of R2 goes up, cu rrent flows C to D. If the value of R4 goes down below the balance value . current flows from D to C. Figure 49: Wheatstone Bridge Circuit
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Figure 51: Cylinder Head Temperature (Spark plug gasket)



Thermocouples Higher temperatures, like those found in the exhaust gases of both reciprocating and turbine engines, are measured with thermocouples_



u""O;:=""~- Ind ical or



A thermocouple is a loop made of two different kinds of wire welded together at one end to form a hot . or measuring junction _ For example chromel and alumel wires. The coil of current-measu ring instrument is connected between the wires at the other end to form a cold , or reference junction .



Cold Ju nct io n Yellow



H ie hot junction is held against the cylinder head in the spark plug gasket and a voltage is produced in the thermocouple whose amount is determined by the difference in temperature between the hot and cold junctions This voltage difference causes a current to flow that is proportiona l to the temperature of the cylinder head _
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Figure 50 : Thermo Coupl e Princ iple
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Figure 52: Thermo Couple (Bayonet Type for Cy lind er Head)
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STD (Standard) or QNE (Normal Elevation) setting



Types of Altitude Measurement QNH (Normal Height) setting



For vertical separation between aircraft fl ying at hig her altitudes. pressu re altitude or flight level is used. When the barometric pressu re scale is adjusted to standard sea level presof mercury or sure , 29.92 inches 1013.2 mbar or hPa . the altimeter measures the height above this standard pressure level. This is not an actual point. but is a constantly changing re ference The reason is that all aircraft in the upper level have their al timeters set to the same reference.



An altimeter can measure height above almost any convenient reference point. and for most flying , it measures the altitude above the existing sea level pressure level. This is called indicated altitude and is read directly from the indi cator when the altimeter QNH setting is placed in the barometric window.



Airport control towers give the pilot the altimeter selting which is their local barometric pressure corrected to sea level . When the pilot puts th is baroselting , the altitude measurement starts at sea level pressure. All elevations on aeronautical charts are measured from mean sea level (MSL) , and therefore with a bit of simple arithmetic. the pilot can easily and accurately find the aircraft's height above any charted position . When the airplane is on the ground with the local altimeter setting in the barometric window, the altimeter should indicate the surveyed elevation of the airplane's parking space.



If an airplane fl ying at a constant 3000 feet pressure altitud e. for example. may vary its height above the existing sea level pressure . all of the aircraft flying in this same area w ill vary the same amount and the separation between the aircraft will rema in the same. When an aircraft is fly ing w ith the altimeter set to indicate pressure alii· tud e, it is operating at a flight level. Flight level 320 is 32 '000 feet. pressure altitude. Figure 77:
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Indicated altitude gives us a measure of terrain clearance at low altitudes.
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