UNIT - V

1. Explain the operation of inertial navigation system (INS)

To navigate initially

1. We first measure the acceleration in the directions of the navigation axes, and if our instruments are not perfect, we might compensate their readings by removing biases or scale factor errors.

2. Second, to find the vehicles vertical acceleration, we subtract gravity from the “Down” accelerometer output.

3. Third, we integrate the accelerations over a known time, once to get the velocity, twice to get the distance travelled. For periods of constant acceleration we can apply the “equation of motion” to find the distance travelled, (s):

v = u + at
(1) 

s = ut + 1/2at2 
(2)
Where

a = acceleration

v = velocity after time t

u = initial velocity

4. Fourth, we measure the rotation rates either from gimbal motions in a stabilized platform or directly with gyroscopes in a strap down system. We then compensate for gyro bias and possibly scale factor errors, and we determine a new heading.

5. Fifth, we compensate for earth’s rotation if we are in local level axes; otherwise the platform would be space stabilized and would appear to tilt in the vehicle axes set. 

6. Finally, the combined distance and heading data give us an updated dead reckoned position to display. 
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Fig. 6.6 Basic principles of inertial navigation.




2. Explain the operation of Stable platform and strap down platform INS:
Stable platform INS:

“The inertial sensors might be mounted in a set of gimbals so that they stay level and head in a fixed direction no matter how the vehicle moves. This construction is called stable platform INS.”

1. The stable platform uses gyros to maintain the accelerometers in a fixed attitude. 

2. A single axis platform consists of a gyro mounted so that its sensing axis or input axis is along the axis of the platform, which is set into the vehicle bearings. 

3. Electrical power for the gyro comes in and gyro’s output goes out, through slip rings. 

4. The platform can be driven around its axis by an electric torque motor. 

5. The gyro output drives the torque motor through servo amplifier. 

6. The servo amplifier provides the torque to overcome the friction in the slip rings and bearings.

7.  If the platform had no gyro and the vehicle rotated around the platform axis, the platform inertial would tend to keep the platform aligned in space. 

8. But the platform would slowly accelerate due to the torque transmitted through the bearings and slip rings, and the inertial reference would be lost. 

9. By adding the gyro, we sensing any platform rotation with respect to inertial space, down to the limit of the gyro’s resolution.

10.  The gyro only used to maintain a fixed position (null operation) and does not able to measure larger rotation rates.
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Figure 1.6. The basic platform system.




Gimbal Lock:

This occurs when the gimbal orientation is such that the spin axis becomes coincident with one or other of the axes of freedom.
 Gimbal Error:

It occurs whenever the gyroscope as a whole is displaced with its gimbal rings not mutually at right angles to each other.
Advantages:

1. Simpler Gyro

2. Higher Accuracy

3. Self Alignment by Gyro Compassing

4. sensor calibration by Platform Rotations

Disadvantages: 

1. Complexity and Cost

2. Gimbals Magnetic

3. Low Reliability

Explain the operation of Strap Down platform INS:


“The inertial sensors might be attached to the vehicle, and the system computes direction traveled in the reference axes by transforming the measurements from the vehicle axes to the reference axes.”
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1. The strap down system replaces gimbals with a computer. 

2. In the strap down system the gyroscope and accelerometers are rigidly mounted to the vehicle structure so that they move with vehicle. 

3. Now the strap down gyros must measure the angles turned, up to the maximum rotation rate expected. 

4. Airplanes can experience short term rates up to 400 deg/s, so a gyro with 0.01 deg/h performance has a dynamic range of 108  

5. As the vehicle travels, the gyro measure the yaw, pitch, and roll angles turned in a short time (say 0.01s) and pass them to a computer that uses them to resolve the accelerometer outputs into the navigation axes set. 

6. Simplifying to two dimensions, we can easily express the coordinate transformation between the navigation axis set (xnav, ynav) and the body axis set (xbody, ybody) at a time when the z-axis gyro has measured that there is angle θ between them. 

7. The accelerometers fixed in the body axes record accelerations ax, ay. 

8. Converting to navigation axes we get

(ax) nav = ax cosθ – ay sin θ
(1)

(ay) nav = ax sinθ + ay cosθ
(2)

9. When adding the third (z) axis we must use more complicated transformations because the rotations are      non-communicative. 

10. Typical systems use direction cosines, and the transformation between the inertial set [Xi, Yi, Zi] and the body axes set [Xb, Yb, Zb] is expressed as follows: 
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Figure 19. The basic strapdown system.
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Where cij are the direction cosines between the jth axis in the inertial frame and the kth axis in the body frame

Advantages:

1. Lighter, Simpler, Cheaper and easily configured

2. Better withstand vibration and sock

3. Highly Reliable

Disadvantages:

1. Alignment is difficult

2. Need Sensor calibration

3. Body Motion- induce unique sensor errors

4. Accelerometer Errors

5. Need Computer for Computation

3.Explain the operation of Flyby Wire (FBW) flight control system and compare with conventional control system 

Motion Sensor Feedback

 The motion sensors comprise:

1. Rate gyros which measure the angular rates of rotation of the aircraft about its pitch, roll and yaw axes.

2. Linear accelerometers which measure the components of the aircraft’s acceleration along these axes. 
3. The feedback action of these sensors in automatically stabilizing the aircraft.
4.  Any change in the motion of the aircraft resulting from a disturbance of any sort (e.g., gust) is immediately sensed by the motion sensors 
5. Then the computer to move the appropriate control surfaces so as to apply forces and moments to the aircraft to correct and suppress the deviation from the commanded flight path. 

6. An automatic ‘hands-off’ stability is achieved with the aircraft rock steady if the pilot lets go of the control stick. 
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Fig. 4.4 Fly by wire flight control system.




Air Data

1. The need for air data information on the airspeed and height is to compensate for the very wide variation in the control surface effectiveness over the aircraft’s flight envelope of height and speed combinations. 
2. The FBW system is thus supplied with airspeed, height and Mach number in order to adjust or scale the control surface deflections accordingly. 

3. Totally independent, redundant sources of air data information are required in order to meet the safety and integrity requirements. Generally, quadruplex sources are used. 

4. The FBW system also requires information on the aircraft incidence angles, that is the local flow angles in the pitch and yaw planes between the airstream and the fuselage datum.

5.  The pitch incidence angle controls the wing lift and it is essential to monitor that the incidence angle is below the maximum value to ensure that a stall condition is not reached. 

High Integrity, Failure Survival Computing System

The flight control computing system must be of very high integrity and have the failure survival capability to meet the flight safety requirements. The tasks carried out by the computing system comprise:

(a) Failure detection.

(b) Fault isolation and system reconfiguration in the event of a failure.

(c) Computation of the required control surface angles.

(d) Monitoring.

(e) Built in test.

Very High Overall System Integrity

· The overall system integrity must be as high as the mechanical control system it replaces.

·  The probability of a catastrophic failure must not exceed 10−9/hour for a civil aircraft and 10−7/hour for a military aircraft.

 Redundant Configurations

1. A well established redundant configuration comprises four totally independent channels of sensors and computers in a parallel arrangement to give the required failure survival capability – such a configuration is referred to as a quadruplex system.

2. The four independent channels are then configured to drive a failure survival actuation system with sufficient redundancy such that the overall FBW system of interconnected sensors, computers and actuators can survive any two failures from whatever cause. 

Figure 4.26 illustrates the basic quadruplex configuration
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Fig. 4.26 Quadruplex system configuration. (Note: position feedback from control surface actuat-
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3. The integrity of the electrical power supplies and the hydraulic power supplies is absolutely vital and adequate redundancy must be provided so that the system can survive failures in both the electrical and hydraulic power supplies. 

4. In fact the starting point in the design of any FBW system is the safety and integrity and redundancy levels required of the electrical and hydraulic power supply systems as their integrity dominates the overall FBW system integrity.

5. With four totally independent channels, the assumption is made that the probability of three or four channels failing at the same instant in time is negligible. 

6. Thus if one system fails ‘hard over’ (i.e., demanding maximum control surface movement), the other three parallel ‘good’ channels can over-ride the failed channel. 

7. However to survive a second failure it is necessary to disconnect the first failed channel, otherwise it would be stalemate – two good channels versus two failed hard over channels so that the control surface does not move – a ‘fail passive’ situation.

8. Failures are therefore detected by cross-comparison of the parallel channels and majority voting on the ‘odd man out’ principle. 

9. The quadruplex system is thus able to survive two failures by majority voting and disconnecting the failed channels, the system degrading to triplex redundancy after the first failure and duplex redundancy after the second failure.

10.  A third failure results in a fail passive situation, the ‘good’ channel counteracting the failed channel.

The benefits (Advantages) of the fly-by-wire are as follows: 

1. Flight envelope protection (the computers will reject and tune pilot’s demands that might exceed the airframe load factors); 

2. Increase of stability and handling qualities across the full flight envelope, including the possibility of flying unstable vehicles; 

3. Turbulence suppression and consequent decrease of fatigue loads and increase of passenger comfort; 

4. drag reduction by an optimised trim setting; 

5. Higher stability during release of tanks and weapons; 

6. Easier interfacing to auto-pilot and other automatic flight control systems; 

7. Weight reduction 

8. Maintenance reduction; 

9. Reduction of airlines’ pilot training costs 

DIRECT MECHANICAL (CONVENTIONAL) CONTROL OF AIRCRAFT

PUSH-PULL RODS SYSTEM
1. The linkage from cabin to control surface can be fully mechanical if the aircraft size and its flight envelop allow;
2. In this case the hinge moment generated by the surface deflection is low enough to be easily contrasted by the muscular effort of the pilot. 
3. Two types of mechanical systems are used: push-pull rods and cable-pulley. 
4. In the first case a sequence of rods link the control surface to the cabin input. 
5. Bell-crank levers are used to change the direction of the rod routings. 
6. Vibrations of the rods can introduce oscillating deflections of the surface.
[image: image8.emf]
CABLE-PULLEY SYSTEM

1. The couples of cables are used in place of the rods. 
2. In this case pulleys are used to alter the direction of the lines,
3. Idlers to reduce any slack due to structure elasticity, cable strands relaxation or thermal expansion. 
4. Often the cable-pulley solution is preferred, because is more flexible and allows reaching more remote areas of the airplane.
[image: image9.emf]
4. Explain the elements of Electronic Warfare system
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a.SIGNALS INTELLIGENCE (SIGINT)
1. Intelligence is collected from a number of different sources to form a strategic picture. These

sources include:

· ELINT or electronic intelligence;

· COMINT or communications intelligence.

2. Confirmation of electronic warfare intelligence is usually performed by comparison with local information collection and photographic evidence, including:

· HUMINT or human intelligence;

· IMINT or image intelligence;

· PHOTINT or photographic intelligence.

3. The first two items on this list are often gathered by high-flying EW aircraft on long duration patrols, usually flying a patrol on the friendly side of a border and beyond missile engagement range.

b.ELECTRONIC INTELLIGENCE (ELINT)

1. Figure 6.6 shows some examples of radar emitters, or systems operating in the radar bands that are likely to be of interest to ELINT collection aircraft. These include:

· Ground-based surveillance radars scanning borders looking for airborne or land-based 
intruders and forming a defensive security screen;

· Missile site or anti-aircraft artillery (AAA) radars scanning for threats and preparing to lock on 
and to track targets for directing defensive weapons;
· Forward command post radars providing advanced and localised warning of intrusion in order 
to direct local defences;

· Land and naval forces operating their own radar systems for detection and target tracking;

· Other fixed-wing aircraft and helicopters operating with their own characteristic radar types.
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2. The antennas are located on the aircraft to provide suitable coverage of the scenario to be monitored and detect an arriving signal and its direction of arrival (DoA). 
3. The signal is analysed to identify the source and its DoA, and to scan intelligence received from other sources to try to confirm the signal source. 
4. This is fused with the aircraft navigational data so that a picture can be provided showing the source relative to the ELINT aircraft. 
5. The crew will interpret the information and provide the information to other operators.

c.Communications Intelligence (COMINT)

1. Communications intelligence (COMINT) is gathered by scanning the normal communications frequency bands and locking on to detected transmissions. 
2. In peacetime it may be possible to receive in clear speech, but this is extremely unlikely in times of tension or during conflict. 
3. For these reasons the information-gathering aircraft attempts to obtain a position fix on a transmitter and records the activity for later analysis.
4.  Depending upon the communications frequency, it is not always possible to obtain an accurate fix on a particular platform within a task group. 
5. However, observation over a period of time allows an overall picture to be built up regarding a potential foe’s force structure and intended electronic order of battle (EoB).
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d.Electronic Support Measures (ESM)

1. Information on immediate threats is gathered by an electronic support Measures (ESM)system. 
2. An effective ESM system rapidly identifies the signal band and location and determines

the signal characteristics depending upon a number of discriminators. 
3. A signal analyser then examines the signal characteristics to identify the type of transmitter and the level of threat posed. 
4. Even the most cursory of analysis can establish whether the emitter is associated with surveillance, target tracking or target engagement. 
5. This analysis can compare the signal with known emitter characteristics obtained from an intelligence database or threat library and known signal types confirmed and new emissions identified and categorised. 
6. Every signal identification is logged with date, time and intercept coordinates, along with the known or

suspected platform type, and the results are stored.
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e.ELECTRONIC COUNTERMEASURES

Electronic countermeasures (ECM) and electronic counter-countermeasures (ECCM) take the form of interfering or deceiving the enemy’s radio and radar systems in order to negate their use or, worst of all, compromise their performance

1. Noise Jamming

1. Active noise jamming is often performed by identifying an enemy detection system and broadcasting white  

    noise at high power levels. 
2. For communication systems, noise jamming could employ the broadcast of music or other audio features 
   designed to deny the use of the particular service. 
3. Most jamming transmitters are designed to operate over the range of frequencies expected, and this is 
    extremely wide given the range of communications devices, search radar and guidance radar types to be  

    found on the modern battlefield.  

4. In the case of radar, the bandwidth covered is often in the range 2–18 GHz. The jammer is most effective if it can be designed to target a specific frequency range or type of threat, in which case the power output is concentrated into a narrow spectrum.
5. Given that a jammer must operate against a wide range of emitters, its power must be spread over an increased spectrum
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Three different techniques are shown:

1.Barrage jamming. In this example, jamming power is spread across the entire spectrum encompassing the targets. This results in a very low jamming power density (W/MHz) to the point that none of the targets is adversely affected.

2. Swept spot jamming. Swept spot jamming concentrates sufficient power in a narrow bandwidth to negate each target. The jammer switches to each of the targets in turn but is only present for a low-duty cycle. This may suffice if the target receiver saturation and automatic gain control capabilities are modest but will not suffice for higher-performance systems.

3. Multiple-Spot Jamming. Multiple-spot jamming divides the energy between the targets, effectively jamming them in parallel rather than sequentially. This requires a more sophisticated jamming transmitter.

2.Deception Jamming

Deception jamming employs more sophisticated techniques to negate the performance of the radar. Some typical techniques used to break the radar-tracking loops are:

1. False target generation. If the modulating characteristics of the target radar are known, it is possible to transmit pulses that will appear as multiple targets in the victim radar. Hence, by using the jamming transmitter with diligence and transmitting replica pulses after a time delay, these false, multiple, spurious targets will appear in subsequent radar range sweeps. An intelligent radar operator should realise that his radar is being deceived but may have a problem in deciding which of the multiple returns is the correct one.

2. Range gate stealing. This is a variation on the technique described above where one false pulse is generated that appears in the victim’s radar at the same range as the jammer. It is then possible to capture the range gate with the artificial pulse; in particular, if the false pulse appears to be stronger than the original in the victim receiver, it is possible to ‘steal’ the range gate by progressively altering the false range. If desired, the range gate may be left on a false value or moved off to coincide with clutter, whereupon the target lock will

be lost.

3. Angle track breaking. Similarly, there are ways of breaking the angle track mechanism, especially if the tracking mechanism of the victim radar is well understood. For example, in a conscan radar, angle track may be broken if the jamming signal is modulated at a frequency that approaches that of the conscan modulation frequency of the subject radar. This presupposes that the angle tracking method and conscan rate are known, which may not be the case in a wartime situation. Other simple ways of angle deception include terrain bounce, cross-eye, cross-polarisation and double cross.

4. Velocity gate stealing. This is similar to range gate stealing except that the incident signal is re-radiated back to the victim radar, initially without modification. Progressively the reradiated signal is amplified and masks the original Doppler component upon which the velocity gate is centred. The deceiving radar may then steal the velocity gate in a similar  manner to the range gate stealer described above.  

5. Explain the Communication Systems

A. High Frequency

1. High frequency (HF) covers the communications band between 3 and 30 MHz and is a very

common communications means for land, sea and air. 
2. The utilised band is HF SSB/AM over the frequency range 2.000–29.999 MHz using a 1 kHz (0.001 MHz) channel spacing. 
3. The primary advantage of HF communications is that this system offers communication beyond

the line of sight. 
4. The sky wave method of propagation relies upon single- or multiple-path bounces between

the earth and the ionosphere until the signal reaches its intended location. 
5. The behaviour of the ionosphere is itself greatly affected by radiation falling upon the earth, notably solar radiation. 
6. Times of high sunspot activity are known adversely to affect the ability of the ionosphere as a reflector. 
7. It may also be affected by the time of day and other atmospheric conditions. 
8. The sky wave as a means of propagation may therefore be severely degraded by a variety of conditions, occasionally to the point of being unusable.

9. The ground wave method of propagation relies upon the ability of the wave to follow the curvature of the earth until it reaches its intended destination. 
10. As for the sky wave, the ground wave may on occasions be adversely affected by atmospheric conditions. 
11. Therefore, on occasion, HF voice communications may be corrupted and prove unreliable, although HF data links are more resistant to these propagation upsets, as described below.

12. HF communications are one of the main methods of communicating over long ranges between air and ground during oceanic and wilderness crossings when there is no line of sight between the aircraft and ground communications stations. 
13. For reasons of availability, most long-range civil aircraft are equipped with two HF sets with an increasing tendency also to use HF data link if polar operations are contemplated.

B. Very High Frequency

1. Voice communication at very high frequency (VHF) is probably the most heavily used

method of communication used by civil aircraft, although ultrahigh frequency (UHF) is generally preferred for military use. 
2. The VHF band for aeronautical applications operates in the frequency range 118.000–135.975 MHz with a channel spacing in past decades of 25 kHz (0.025 MHz).
3.  In recent years, to overcome frequency congestion, and taking advantage of digital radio technology, channel spacing has been reduced to 8.33 kHz (0.00833 MHz) which permits 3 times more radio channels in the available spectrum. Some parts of the world are already operating on the tighter channel spacing – this will be discussed in more detail later in the chapter in the section on global air transport management (GATM). 
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Limitations of VHF: 

1. VHF signals will only propagate over line of sight. 
2. This line-of-sight property is affected by the relative heights of the radio tower and aircraft.

C.SATELLITE COMMUNICATION

1. Satellite communications provide a more reliable method of communications using the

International Maritime Satellite Organisation (INMARSAT) satellite constellation which was originally developed for maritime use. 
2. Now satellite communications, abbreviated to SATCOM, form a useful component of aerospace communications.
3. The aircraft communicates via the INMARSAT constellation and remote ground earth station by means of C-band uplinks and downlinks to/from the ground stations and L-band links to/from the aircraft. 
4. In this way, communications are routed from the aircraft via the satellite to the ground station and on to the destination. 
5. Conversely, communications to the aircraft are routed in the reverse fashion. 

6. Therefore, provided the aircraft is within the area of coverage or footprint of a satellite,

communication may be established. 

7. The airborne SATCOM terminal transmits on frequencies in the range 1626.5– 1660.5 MHz and receives messages on frequencies in the range 1530.0–1559.0 MHz. 

8. Upon power-up, the radio-frequency unit (RFU) scans a stored set of frequencies and locates the transmission of the appropriate satellite. 
9. The aircraft logs on to the ground earth station network so that any ground stations are able to locate the aircraft. 
10. Once logged on to the system, communications between the aircraft and any user may begin. 
11. The satellite to ground C-band uplink and downlink are invisible to the aircraft, as is the remainder of the earth support network.
 Limitations: 
· low grazing angles, coverage begins to degrade beyond 80̊⁰north and 80⁰ south and fades

completely beyond about 82⁰
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