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 � 1 ?������ ]� '�� ?� Inertial navigation systems are computer-based self-contained systems that provide aircraft geographic position information in terms of latitude and longitude, together with aircraft speed, heading and tracking information. When provided with a TAS input, the system also produces an output of wind velocity and direction. They require no external information or reference other than the starting location of the aircraft. The basis of the inertial navigation system lies in measurement of the aircraft's acceleration in a known direction and this is 

accomplished with the use of accelerometers. These are devices that measure acceleration along a specific axis; normally one measures accelerations and decelerations along the east-west axis and a second measures accelerations and decelerations along the north-south axis. Acceleration may be defined as increase of velocity per unit time and is usually expressed in terms of metres or feet per second per second (m/ s2 or ft/s2). X n b���j����b���j����b�� &   ��� 1  ����� %�� 餱��€tn xa�  xa�  1 ?��� ^ 饛 # 
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1  �����?������ L� >�L���饌� L� 餤 xa�  xa�  1  �����?������ H�H��� 餗� L� 餤€钄� xa�  xa�   � 1 ?����� ]� 鹈� O� If a vehicle, such as an aircraft, accelerates from rest or steady speed at a constant rate over a given period of time, its final velocity and the distance travelled can be calculated from simple formulae: where: v =final velocity u=initial velocity a = acceleration t = time s= distance travelled P���nP�b�� 4   ���   ��� %�� 
L� �� 餱��€x霐� xa�  xa�  1 ?��� ^ 饛 # Inertial Navigation System( INS) $�P$�f����� $  ��� 餒� L� 0 師 藿h ?���� 憫 a忼 (挝 y ___PPT10 Y+��D =' = @�B +� € 鹁�`� 6 ��� 餔��� (� 餞€▌ xa�  xa�  1  �����?������ ? 饡 5 Civil Aviation Flight University of China 06�n �c���� +�c����� 6  �����饌� 餤 xa�

 xa�  1  �����?������ P� h���饇� 餞 xa�  xa�  1  �����?������ P��� P���饌� 餤 xa�  xa�  1  �����?������ @�P�@� 饇� 餞 xa�  xa�  1  �����?������ L� >�L���餭� 餞€8姖� xa�  xa�   � 1 ?������ ]�  � 疬� y� Since aircraft accelerations and decelerations are seldom constant it becomes necessary to integrate each acceleration with respect to time in order to 
obtain velocity and then to integrate the result of that with time in order to obtain distance travelled. To achieve this, the outputs from the accelerometers are fed to two integrators in series, as shown in Figure 13.1. z���nz�b�� &   ��� v  ����� %�� 餱��€(� xa�  xa�  1 ?��� ^ 饛 # Inertial Navigation System( INS) $�P$�f����� $  ��� 饇� 餞 xa�  xa�  1  �����?������ S S 鸫 �� 8� $ � 6 ���� $ ��餘� % �� S 
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accelerometers being aligned east-west and north-south. Suppose, for example, that the north-south accelerometer/integrator combination has recorded a distance travelled of 60 nautical miles (nm) and the east-west accelerometer/integrator combination has recorded zero distance travelled. Clearly the aircraft is now 60nm, or 1皁f latitude, north of its previous position. If both the east-west and north-south accelerometers have recorded speed and distance, then the aircraft is at some point at a known distance and in a calculable direction from its start point. In order for the system to work, the accelerometers must 
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餞€8钌� xa�  xa�   � 1 ?������ ]� 餡� Accelerometers can be maintained physically horizontal to the earth on a gyro-stabilised platform called an Inertial Navigation System (INS), Alternatively, the accelerometers can be fixed to the aircraft axes, in which case the accelerations due to gravity and aircraft manoeuvres are removed mathematically from the accelerometer outputs. This system, called a strapdown inertial system, is the basis of an Inertial Reference System (IRS). n b�� ZR  ���   ��� R  ��� F  
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nothing more than a mechanical device which will maintain the accelerometers level regardless of aircraft attitude. The inner element of the platform where the accelerometers are mounted will also carry the gyroscopes used to stabilize the platform. The gyros provide signals to motors, which control the gimbals of the platform. n b�� &8  ���   ����� x� �� 餱��€ xa�  xa�  1 ?��� ^ ?� The Gyro-stabilised Platform 4��P��f�������f����  
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  � 1 ?������ ]� 黏 V  Track and Speed The track calculated by the INS is a great circle track. The speed calculated at any instant is groundspeed, because the INS bases its calculations upon accelerations of the aircraft over the surface of the earth. Latitude and Longitude Distance travelled north-south in nautical miles converts directly to change of latitude, since each nautical mile along a meridian equates to one minute of latitude. Distance travelled east-west is known as departure and is calculated using the equation: Departure E- W (nm)= change of 
longitude' 答cosine latitude Since, in the case of the INS computation, departure is known the calculation carried out by the INS computer to determine change of longitude is therefore: Change of longitude' = departure (nm) 答 secant latitude ,���n�b����f��� �f�� b����b�����f��� �f�� 6�b��� b��� b�� Z�  ����   ���   ��� d�  �����痼�� 餱��€| xa�  xa�  1 ?��� ^ 餧� Position Calculation 4��P��f�������f����  
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������ P��� P���饌� 餤 xa�  xa�  1  �����?������ @�P�@� 饇�  餞 xa�  xa�  1  �����?������ q� 鹕� 餞€l笁� xa�  xa�   � 1 ?������ ]� T � 餎� w� The gyro-stabilising platform is self-levelling and self-aligning, but these functions can only normally be carried out in non-military aircraft with the aircraft stationary on the ground. In order to compute the speed, distance travelled and position of the aircraft the INS must first be 
referenced to north at the current aircraft position, which is fed into the computer by the pilot from airfield information. The process of self-alignment is performed in two distinct phases; first the platform must be levelled so that the accelerometers are not influenced by gravity and then it must be aligned with true north so that they only sense horizontal accelerations on the north-south and east-west axes. Levelling and alignment are initiated by switching the INS to STANDBY and inserting the present position in terms of latitude and longitude, and then selecting ALIGN mode. x���nx�b��   ���  
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platform by using gravity to achieve coarse levelling, followed by fine levelling using the accelerometers. Coarse Levelling During coarse levelling the pitch and roll gimbals are typically driven by the servo motors until they are mutually perpendicular and the platform is brought to within about 1皁f level using either gravity or reference to the airframe. n�b�� �f��� �f�� b����b�����f��� �f�� b�� h  ���   ��� &  ���   ���   ����� *�� 餱��€ㄨ xa�  xa�  1 ?��� ^ $ 
饠 INS Self-alignment 4��P��f�������f����   ��� 餒� 0 師 藿h ?���� 憫 a忼 (挝 y ___PPT10 Y+��D =' = @�B +� € (��� 鸶 (� 餞€ �g xa�  xa�  1  �����?������ ? 饡 5 Civil Aviation Flight University of China 06�n �c���� +�c����� 6  �����饌� 餤 xa�  xa�  1  �����?������ P� h���饇� 餞 xa�  xa� 

1  �����?������ P��� P���饌� 餤 xa�  xa�  1  �����?������ @�P�@� 饇�  餞 xa�  xa�  1  �����?������ q� 餞€|k xa�  xa�   � 1 ?������ ]� b�� 饙� Fine Levelling With the aircraft stationary and the platform level there should be no output from the accelerometers. If there is an output from either or both accelerometers this indicates that the platform is not level and that acceleration due to 
gravity is being sensed. The output signals from the accelerometers are used to torque the north and east gyros, which in turn use the pitch and roll servo motors to drive the platform about the pitch and roll axes until output from the accelerometers is zero. B����n��f��� �f�� b�� &�  ���   ����� *�� 餱��€H} xa�  xa�  1 ?��� ^ $ 饠 INS Self-alignment 4��P��f�������f����   ��� 餒� 0 師 藿h ?���� 憫 a忼 (挝
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 餞 xa�  xa�  1  �����?������ q� 饒 餞€瘃 xa�  xa�   � 1 ?������  However, it will be appreciated that a platform levelled to earth horizontal using spatial referenced gyroscopes will not remain horizontal over an earth that is rotating. From Figure13.5, it will be seen that a level platform above the poles would suffer drift about the vertical axis at earth rate (15.04 /hr), and one at the equator would suffer topple about the north-south axis at the same rate. At 

intermediate latitudes the platform would drift and topple at a rate dependent upon the latitude. To correct for this the north gyro is biased for topple at 15.04答 cos( lat )/hr and the azimuth gyro is biased for drift at 15.04 答sin (lat )/hr. v n:�b��� Ab��� b����b����b�� N� 0  ����   ���� P  ����� *�� 餱��€ � xa�  xa�  1 ?��� ^ $ 饠 INS Self-alignment 4��P��f�������f����   ��� 饇� 餞 xa�  xa�  1  �����?
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meridian can be calculated. When the inertial navigation system is switched from the alignment mode to the navigation mode the platform is rotated by the azimuth servo motor through the computed misalignment angle. B n��f��� �f�� b�� @�  ����   ����   ����� *�� 餱��€餎 xa�  xa�  1 ?��� ^ $ 饠 INS Self-alignment 4��P��f�������f����   ��� 饇� 餞 xa�  xa�  1  �����?������ |� 餒� 0 師 藿h
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�����?������ @�P�@� 饇�  餞 xa�  xa�  1  �����?������ q� 鸢� 餞€腛 xa�  xa�   � 1 ?������ ,� Many earlier systems use what is called closed loop gyro-compassing to achieve the same result. In this, any gravitational acceleration due to tilt of the platform sensed by the north accelerometer after fine levelling results in an output signal that is used to torque the azimuth gyro until the signal is nullified, which will only occur when the platform north-south axis is 
aligned with the local meridian. During this process the fine levelling process remains operative. With either system the gyro-compassing phase takes between 6 and 10 minutes and typically achieves an alignment accuracy of about 6 minutes of arc. The time taken for self-alignment and the accuracy achieved increases with latitude. Close to the poles it becomes impossible to align a north- referenced platform; in UK latitudes self-alignment usually takes between 10 and 15 minutes. n b�� Z�  ����   ���   ���   ����� *�� 餱��€0] xa�  xa� 
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rotation and that this is continuously corrected by computation of earth rate for the current latitude. In addition to this, the system is affected by transport wander and by coriolis effect. Transport Wander As the platform is transported around the earth it will, if uncorrected, drift and topple. This is because it is spatially referenced and it is necessary for the INS computer to bias the rate-integrating gyros by an amount equal and opposite to the drift and topple rates in order to maintain the platform level and north-aligned. A biasing signal is applied to a torque motor on each gyro output axis, causing the 
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�����?������ q� 疖� 餞€X妽� xa�  xa�   � 1 ?������ X�� 餢� Coriolis Effect Any vehicle moving over the face of the earth is subjected to coriolis effect. Put simply, coriolis effect is the combination of the vehicle movement and earth rotation and it produces acceleration to the right in the northern hemisphere and to the left in the southern hemisphere. As we know, any acceleration is sensed by the INS accelerometers and, if uncorrected, would result in a false computation of track, groundspeed, etc. Given that the INS is 
continuously computing latitude, it is able to calculate and apply the necessary corrections. The Schuler Loop The periodic rate of a pendulum, that is the rate at which it swings, is dependent upon the length of the pendulum. The longer it is, the longer it takes to complete a full cycle of swing from centre to left, to right and back to centre. Some considerable time ago a mathematician by the name of Schuler calculated that a pendulum the length of the earth's radius would have a periodic rate of 84.4 minutes. No doubt he had his reasons. n�b����f��� �f�� (�b����b�����f��� �f�� b��   
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餞€8瘝� xa�  xa�   � 1 ?������ y � 饆� STANDBY (SBY) is the mode selected to switch the system on. In this mode power is supplied to the system and the gyros are warmed and spun up to operating speed. Whilst this is taking place it is usual to insert the current position to the nearest 6 seconds of arc. B ���n �f��� �f�� b��   ����� 2�� 餱��€敺 xa�  xa�  1 ?��� ^ $ 饻 Mode Selector Panel and CDU 4��P��f�������f����   ��� 饇� 餞
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