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SUMMARY 

A flight investigation of various stability 
augmentation systems for the Hawker-Siddeley P1127 
iet-lift V/STOL aircraft, using a variable stability 
helicopter, is reported. The main emphasis was 
placed on overcoming the directional divergence due 
to the unstable weathercock stability that occurs at 
low airspeeds, but short investigations of a roll sta¬ 
bilizer to reduce the pilot work load, and a pitch 
stabilizing device to assist the pilot to maintain atti¬ 
tude in the presence of an angle-of-attack instability, 
were included. Both visual and a limited number of 
simulated instrument flights were conducted. After 
testing several stabilizing devices, it was concluded 
that a lateral accelerometer operating through theya 
reaction controls yielded directional handling qualities 
in the "acceptable-satisfactory" region. 
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Definition 

2 
Acceleration, ft/sec“ 

Span of airplane, ft 

Standard mean chord, ft 

NASA non-dimensional coefficient 

2 
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2 
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Rolling acceleration derivative, acceleration per unit subscript, 

rad/sec /unit subscript 

Pitching acceleration derivative, acceleration per unit subscript, 

rad/sec /unit subscript 

Yawing acceleration derivative, acceleration per unit subscript, 

rad/sec /unit subscript 

Angular velocity in roll referred to body-fixeu reference axes, 
rad/sec 

Angular velocity in roll referred to stability axes, rad/sec 

Angular velocity in pitch, rad/sec 

Angular velocity in yaw referred to body-fixed reference axes, 
rad/sec 

Angular velocity in yaw referred to stability axes, rad/sec 
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Wing area, 

Laplace operator 

Stability augmentation system 

Time constant, sew 

Perturbation of longitudinal velocity, ft/sec 

Velocity vector of airplane mass centre, ft/sec 

Distance along the longitudinal axis, ft 

o 
Longitudinal acceleration derivative per unit subscript, ft/sec /unit 
subscript 

Lateral acceleration derivative per unit subscript, ft/sec /unit 
subscript 

Normal acceleration derivative per unit subscript, ft/sec /unit 
subscript 

and 

Gain of "Leaky attitude" term in SAS transfer functions 

Distance along the normal axis, ft 

Perturbation of angle of attack, rad 

Angle of sideslip, rad 

Pilot's control deflection, in 

Partial derivative 

Yaw nozzle deflection, deg 

Pitch nozzle deflection, deg 

Perturbations of pitch attitude, rad 

Density of air, slug/ft 

Roll nozzle and aileron control surface deflection, deg 

Frequency, rad/sec 
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A FLIGHT INVESTIGATION OF VARIOUS STABILITY AUGMENTATION SYSTEMS 

FOR A JET-LIFT V/STOL AIRCRAFT (HAWKER-SIDDELEY P1127) 

USING AN AIRBORNE SIMULATOR 

1.0 INTRODUCTION 

This program to investigate the handling qualities of a variety of stability 

augmentation systems for the Hawker-Siddeley PH27 jet-lift V/STOL aircraft was 

accomplished by a co-operative effort between the Aero Flight Division of the Royal 

Aircraft Establishment, Bedford, England, and the National Aeronautical Establishment, 

Ottawa, Canada. The main < mphasis was placed on overcoming the directional diver¬ 

gence due to the unstable weathercock stability that occurs at low airspeeds, but the 

flight program, using a variable stability helicopter (Fig. 1), included short investi¬ 

gations of a roll stabilizer to reduce the pilot work load, and a pitch-stabil!zing device 

to relieve the pilot of the very onerous task of maintaining pitch attitude and, hence, 

airspeed in the presence of an angle-of-attack instability. The directional instability 

results from the changes of momentum that take place at the intakes to the engine, 

which are located well forward of the aircraft centre of gravity, while the pitch insta 

bility is due mainly to interference effects of the deflected jet on the tail plane. An 

indication of the need for improved stability is contained in the Report on the operational 

evaluation of the Kestrel aircraft, a derivative of the P1127, in which it was shown 

(Ref. 1) "... that the Kestrel was capable of certain instrument operations without 

stability augmentation; however, to assure full instrument capability better stability is 

a requisite. " 

This lack of adequate stability at speeds less than 120 knots is illustrated by 

the curves of Figure 2, which show the characteristics of the lateral-directional modes 

of motion of the P1127 as estimated by the Royal Aircraft Establishment and simulated 

during these trials. It is seen that below approximately 75 knots the damping of the 

Dutch Roll mode is negative, causing severe handling difficulties to the pilot. 

Preliminary work to estimate and measure the aircraft's stability derivatives, 

and an analogue computer program to indicate the most useful range of stabilizing para¬ 

meters to be investigated in flight, were completed by the Royal Aircraft Establishment 

before the flight tests were begun. References 2 and 3 describe the overall program, 

while this Report outlines, in greater detail, the portion of the experiment utilizing the 

airborne simulator. 



The following Sections outline the capabilities of the simulator, the conversion 

of the estimated stability derivatives from their non-dimensional to their dimensional 

forms as used on this simulator, the parameters tested, the flight tasks undertaken, 

and the results obtained. 

2. 0 DESCRIPTION OF THE SIMULATOR 

The variable stability equipment and the simulation capabilities of this heli¬ 

copter are described in Reference 4, and Figure 1 shows an overall view of the vehicle. 

A brief description of the system, and how it was adapted to this problem, follows. 

The model-controlled method (Ref. 5) is employed to force the helicopter to 

follow the motions of the aircraft being simulated, as calculated by the equations of 

motion set on the analogue computer (Fig. 3). Although the pilot conducting the evalua¬ 

tions controls all motions while airborne, the helicopter is forced to assume only the 

yaw, roll, pitch, and heave behaviour of the analogue model. The longitudinal and 

lateral force characteristics of the simulator cannot be altered independently, which 

meant, for this program, that changes in the direction of the thrust vector normally 

resulting from changing engine nozzle positions could not be simulated. Consequently, 

the flight task was representative of fixed nozzle, varying engine rpm slow approaches. 

The schematic drawing of Figure 3 indicates how' the electrical signals, 

generated by movements of the evaluation pilot’s controls and by various aircraft 

sensors, such as the vanes measuring angles of attack and sideslip, are used as inputs 

to the analogue computer. Random electrical signals shaped and scaled to simulate 

low' level turbulence can be introduced to disturb the simulator, providing more realistic 

flight conditions The shape of the power spectrum of the three turbulence components 

used in the investigation appears in Figure 4 Each was scaled to represent rms gust 

velocities oi 6 ft/sec. 

The computing equipment available for setting up the model consists of 

56 operational amplifiers, 26 integrating or non-linear components, 12 function switches, 

46 gain-setting potentiometers, and other miscellaneous components. Twenty of the 

gain-setting potentiometers and all the function switches are in the cockpit, conveniently 

located to allow either pilot to alter the settings. This capability was used to advantage 

during the program: (i) to adjust some of the estimated stability derivatives to make 
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the simulator fly like the actual aircraft (see Sect. 3.3), and (ii) to investigate rapidly 

a variety of proposed lateral-directional stability augmentation systems. The relia¬ 

bility of both the helicopter and the simulation equipment was demonstrated by the 

23 research sorties, totalling more than 23 hours of flight time, that were accomplished 

in 10 days. 

A 14-channel oscillograph flight recorder was used to document the calculated 

and actual rolling and yawing angular rates, pilot and SAS control inputs, lateral accel¬ 

erations, and sideslip angles during each evaluation manoeuvre. 

Both visual and a limited number of simulated instrument flights were con¬ 

ducted. The instrument panel arrangement of Figure 5 was used for the visual flights 

and was altered to that of Figure 6 for the instrument approaches. An attempt was 

made to reproduce the pilot’s view of the landing site by blanking off portions of the 

cockpit. During the instrument flying the pilot wore blue goggles, and an orange sub- 

cockpit was inserted (Fig. 7) to preclude his use of external visual clues. Simulated 

flight instruments were added to indicate percent engine rpm and the angles of attack 

and sideslip. These latter two assume the role of primary flight instruments because 

of the longitudinal and directional instabilities, while the angle-of-attack vane is re¬ 

quired also to allow the pilot to optimize the transition procedure of the real aircraft. 

A synthetic ILS similar to the one described in Reference 6 provided a convenient and 

appropriate aid for the instrument approach task. 

Two pilots occupied the aircraft during all tests, with the one on the left 

acting as safety pilot while the one on the right evaluated the handling qualities of the 

various combinations investigated. All the flying during the evaluation of the lateral- 

directional characteristics was accomplished by one pilot from RAE, Bedford, who 

had been project pilot on the PI 127 for several years and had flown over 45 hours on 

the various versions of that aircraft. Several flights were made subsequently to in¬ 

vestigate the advantages of a pitch stabilizer. During these flights five other pilots, 

only one of whom had flown the P1127, participated. 

The control feel for the evaluation pilot's control column and rudder pedals 

was produced by a spring system with viscous damping, while the "ixnver lever" had 

adjustable friction only. The spring gradients were held constant at lj, I4, and 

10 Ib/in for the pitch, roll, and directional controls respectively, and were judged to 
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be representative of the control column forces of the real aircraft, but approximately 

one-half the pedal forces. The maximum control throws were the same as for the real 

aircraft. 

3. 0 EQUATIONS OF MOTION 

3.1 Reference System and Sign Convention 

Since the pilot attempts to fly the P1127 at an angle of attack of 8 degrees 

during low speed approaches, the derivatives supplied by the RAE from flight data or 

from theoretical estimates were computed about stability axes depressed by this angle 

from the longitudinal reference line of the aircraft. The stability augmentation system 

transducers in the aircraft are aligned, however, with body-fixed axes. Since the air¬ 

borne simulator’s reference system is body-fixed, aligned with the rate gyros, all 

computed motions were ultimately resolved along the set of axes containing the stability 

augmentation system transducers of the P1127 before being used by the simulation 

system. Following this resolution the calculated motions were compared with the 

simulator’s motions, as indicated in Figure 3; hence, the simulator’s reference axes 

became the body-fixed reference axes of the P1127. 

The sign convention used with the simulator is the same as the NASA system 

(Ref. 7), with the exception of the direction of control movements. In the notation used 

here, positive longitudinal and lateral pilot’s stick motion and positive pilot’s rudder 

motion produce positive angular accelerations (i. e. nose-up, right roll, and right yaw). 

3. 2 Conversion of Stability Derivatives from Non-Dimensional to Dimensional forms 

The stability derivatives were first derived in the NASA non-dimensional form 

(Ref. 7) and then converted to the dimensional derivatives normally used with this 

simulator. All contributions were accounted for in these terms, including the basic 

aircraft characteristics plus the destabilizing intake momentum contributions assuming 

an rmp setting of 95 percent. 

The following example illustrates the process by showing the conversion of 

one derivative, Cm , the non-dimensional pitching moment coefficient resulting from a 

deflection of the elevator control surface, to M6 . the pitching acceleration resulting 
e 



from movements of the pilot's pitch control 

The non-dimensional pitching moment coefficient is 

C 
m 

M 

pv2Si 
c 

Each term is defined in the list of symbols. The dimensional derivative, , is 
e 

AM 
Afi 

e 

Hence, 

A(C pv2Sf) 
v m c 7 

AÔ e 

pu2Si AC 
o _m 

ln AÔ B e 

-^oS( ACm 

IB 
Ail 
AÔ e 

i^fi Ja. I 
' 2,B A6e \ 

since f = X for the longitudinal derivatives and 

AC 

(See Sect. 3.1 for an explanation of the sign change. ) 

The quantity inside the large bracket above, then, is the conversion factor 

from the non-dimensional to the dimensional derivative and is a function of the physical 
An 

characteristics of the P1127 (e. g. IB, c, S, and the control system gearing, ) u ue 
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and the conditions (e. g. p, uo). Each of the derivatives was converted in a 

similar fashion for two airspeeds, 50 and 80 knots, yielding the dimensional values 

shown in Table 1. It should be noted that both the weathercock stability, N^, and the 

pitching moment due to changes of angle of attack, M^, are unstable, producing a very 

difficult handling problem for the pilot. The task undertaken in this program was the 

correction of these deficiencies by a system to augment the stability. 

3.3 Longitudinal Motions 

Although only two modes of longitudinal motion are controlled by the variable 

stability system (the pitch rate and the normal acceleration), the motion in the other 

degree of freedom, the longitudinal velocity, was calculated and used to modify the 

other two modes in an appropriate manner. For example, when the nose of the aircraft 

was depressed, the equations of motion set on the analogue computer calculated the 

increase in longitudinal velocity that the P1127 would experience, and this velocity in 

turn influenced the pitching and heaving motions that were duplicated by the simulator. 

It was found necessary to alter the level of two of the longitudinal derivatives, 

M and Z. , the changes of pitching acceleration with angle of attack, and the normal 
CV Orp 

acceleration with throttle input, to make the simulator fly more like the actual aircraft. 

The final values appear in Table 1. The required alteration of probably was due 

to difficulties in estimating this term, while the change in Z. , which was increased oT 

threefold, resulted from an inherent deficiency of the simulator, which is incapable of 

providing longitudinal force variations independent of rotor tilt. This latter deficiency 

showed up most emphatically when attempting to overshoot from a landing approach by 

applying power. When the simulator started to ascend, the angle of attach would de¬ 

crease sharply from the 8-deg level indicated on the approach to approximately zero, 

causing a large calculated downward force through the Z^ term. The 8-deg angle of 

attack could not be maintained on the climb-out, as it is on the P1127, because the 

pitch attitude of the simulator could not be increased without drastically decreasing the 

airspeed. The changes resulted in handling qualities similar to those experienced on a 

"nozzle-fixed" approach with the real airplane. Since the overshoot was not an essen¬ 

tial part, of the task used in this evaluation, lack of realism in reproducing this ma¬ 

noeuvre was not considered important compared with the perturbation characteristics 

that were reliably reproduced during the approach task. 
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All the equations described below were properly scaled and programmed on 

the analogue computer (Fig. 8, 9) to comprist the ’'model" of the simulation system. 

Limits were imposed on the simulated controls both by physically restricting 

the control throws available to the pilot to those of the actual aircraft, and by limiting 

the voltages in various locations to duplicate the deflections of the reaction control 

nozzles. 

3. 3.1 Longitudinal Force 

The equation adequately describing the perturbations in the inertial longitu¬ 

dinal acceleration was 

¥ = + Xa("+V ' g0 

since cos flo « 1. The term required for use in the other two longitudinal equations 

was the perturbation velocity; hence, the following equation combining the inertial ve¬ 

locity with the gust velocity actually was used in the calculation as shown in the circuit 

diagram of Figure 8. 

U + Ug = Xu / (U+V dt + Xa f <a+Qfg) dt - S / 0 dt + ug 

It will be noted that a vertical gyro was used, together with a ’’signal can¬ 

celling” network, to obtain the perturbation values of the pitch angle, 0. Similar cir¬ 

cuits, which make it possible to start any given sign;'.! at an effective zero level, rep¬ 

resenting the trimmed condition, and to measure perturbations, were used also with 

the angle of attack and lateral accelerometer signals as shown in Figures 8 and 9. 

The angle-ol-attack vane is mounted on the skid of the helicopter, as shown 

in Figure 1, ahead of and to the left of the centre of gravity. Hence, its readings were 

corrected for roll and pitch angular rates before being used in the calculations. The 

initial angle-of-attack indication to the pilot was 8 deg, and perturbations about this 

were calculated after the evaluation pilot took control. 

A random electrical noise signal, shaped to the power spectrum of Figure 4 

and scaled to represent a longitudinal gust velocity of 6 ft/sec rms, was available. 

Similar independent turbulence generators simulated angle-of-attack and sideslip 

« 
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disturbances due to vertical and lateral gusts and were scaled to represent rms angle 

deflections corresponding to rms gust velocities of 6 fps at the speeds flown. All the 

synthetic turbulence signals could be switched in and out by actuating switches in the 

cockpit To achieve flight conditions representative of moderate turbulence, only the 

lateral noise generator was utilized for the majority of the tests. 

3. 3. 2 Normal Force 

The normal acceleration experienced by an aircraft is a function of the aero¬ 

dynamic forces, including the propulsive forces, acting on it. Hence, the equation 

describing the perturbations in the normal acceleration and used to construct the ap¬ 

propriate part of the model was 

\ = z„<uHy + za<a+<v + zôt • òt + z6 • 5 e 

Figure 8 illustrates how various transducers were used to obtain electrical signals 

proportional to the above parameters. 

The dynamics of the engine were simulated initially by a first-order system 

having a time constant of 0. 7 sec as shown, but, since tl e pilot complained that de¬ 

creases in thrust were achieved too slowly, this feature was deleted after the second 

flight. 

The locations in the circuit where the pilot’s indications of engine rpm and 

angle of attack were obtained are shown in Figure 8. 

3.3.3 Pitching Moment 

Since the simulator utilizes the angular velocity in pitch as one of the signals 

controlling the high gain autopilot, the pitching equation of motion was programmed on 

the analogue computer to yield a signal proportional to the pitching rate. Then the 

equation of motion was 

/ ôe dt + Mô, / 0¿ dt + Mq / q dt 
e e 

+ Mu / (u+ug) dt + f (of+odt + Mâ / 
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Since, by this method, the à term was integrated, there was no necessity to differen¬ 

tiate the a signal; rather it vas used directly as shown in Figure 8. 

The limits of travel of the reaction control nozzles were reached before 

those of the aerodynamic control surfaces and were set by the diode networks shown. 

ó. 4 Lateral-Directional Motions 

Since this simulator is incapable of modifying the side force characteristics 

of the helicopter to match those of the vehicle being simulated, and since the pilot is 

aware of side force perturbations through both "the seat of his pants" and the flight 

instruments such as the ball indicating "slip and skid", the actual sideslip of the simu¬ 

lator as measured by the sideslip vane was accepted and used in the rolling and yawing 

equations of motion. 

3. 4.1 Rolling Moment 

It is common practice with this simulator to convert all the angular equations 

of motio". to forms that calculate the angular rates rather than the angular accelerations. 

However, since it was desired to simulate the placement of the lateral accelerometer 

at various practical positions in the PI 127, somewhat modified rolling and yawing 

angular accelerations were derived to allow these simulated movements of the accel¬ 

erometer to be effected. As is seen in Figure 9, the angular velocities were ultimately 

computed as required by the simulation system. 

The equation describing the rolling motion about the stability axes depressed 

8 deg to the fuselage longitudinal reference line was 

dP 
dt = • ô + L*, • Ô» + L. 

ô a ô * a <5 a a i 
ó + Lj , r Ô ’ r 

ô» r 
P + L R R 

* if t 
The last term of this expression was used in the calculation of the rolling angular 

velocity, where the differential disappears, but was excluded in the computation of the 

rolling acceleration, causing some error in the acceleration signal. 
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Resolution of the angular rates from the stability axes to the body-fixed 

reference axes is described in the following Section. 

3.4.2 Yawing Moment 

Exactly the same procedure as outlined in the last Section for the rolling 

motion was used to derive both the angular velocity in yaw and a signal approximating 

the yawing angular acceleration. The equation used was 

dR 
dt 
~ = N. Ô + 

r 
N ô ' r 

0' + N- r Ô ô + N. , a ó ' a 
6' + Nn 
a R 

R 

+ N P + N 
ß ■ VV + ç f 

The circuit diagram of Figure 9 indicates how these lateral-directional equations were 

constructed and yielded signals proportional to the angular velocities in roll and yaw 

about the stability axes. The rates about body reference axes 8 deg nose-up from the 

stability axes were required, however, for use by the variable stability system 

(Sect. 3.1). The equations effecting this conversion from P and R, the angular rates 

about the stability axes, to p and r, the angular rates about the body-fixed reference 

axes, are 

p = P cos 8° - R sin 8° 

r = R cos 8a + P sin 8° 

but 

cos 89 « 1 

sin 8° = 0.139 

Therefore 

p « P - 0.139 R 

r « R + 0.139 P 

These expressions were programmed on the analogue computer (Fig. 9) and yielded 
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signals proportional to p and r, which were used, in turn, by the high gain autopilot 

as described in Section 2. 0. 

4.0 STABILITY AUGMENTATION SYSTEMS 

As was outlined in the Introduction, the object of this research was to develop 

a satisfactory system to augment the stability of the P1127 jet-lift V/STOL aircraft. 

Various augmentation features were tested, utilizing signals from a variety of trans¬ 

ducers as inputs to the stabilizing systems. Gain-setting potentiometers located in the 

cockpit allowed a wide range of SAS gains to be investigated readily, while function 

switches shown in Eigures 8 and 9 facilitated selection of the SAS feature to be looked 

at on any particular approach. This latter feature was particularly useful in high¬ 

lighting differences between various SAS features, since they could be switched in and 

out rapidly to illustrate the changes in handling qualities as the evaluation manoeuvres 

were attempted. Initially the authority of each stabilizing system was limited to 50 per 

cent of the reaction nozzle control power, but this was later reduced to 30 percent to 

ensure that the pilot could control the effects of hard-over failures in all reasonable 

flight conditions. Both zero failures, wherein the transducer was assumed to stop 

functioning and return to zero output, and hard-over failures, which simulated instan¬ 

taneous failure of the transducer resulting in a maximum transducer voltage output, 

were tested with the lateral accelerometer and the roll stabilizer described below. 

4.1 Roll Stabilizer 

The P1127 aircraft has been flown for several years and has been success¬ 

fully piloted through its complete flight envelope and in all flight regimes without the 

assistance of any form of stability augmentation system. However, to lower the pilot 

work load by improving the lateral-directional handling qualities, a roll stabilizer 

operating through both the aileron control surfaces and the reaction nozzles is installed 

with the following transfer function 

That is, the aileron control surface deflection is a function of both a pure rate term 

supplying lingular rate damping in roll and a "leaky" attitude hold feature represented 
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was held 

at 5 sec throughout, while = 0. 25 and 0. 01 were tested with = 1.0 and 2. 0 

respectively. Figure 9 illustrates how the calculated roll rate signal simulating the 

output of the roll gyro of the P1127 was lead through the failure selection circuit and 

thence Into the analogue circuit representing the expression above. Two limits were 

imposed on the electrical signals in this network. One represented the mechanical 

limit of the SAS input and the other, set to the same value, limited the electrical output 

of the leaky attitude term. Similar limits exist in the actual aircraft. 

4. 2 Directional Stabilizing Systems 

4. 2.1 Yaw Rate Damping Plus ’'Leaky'* Heading Hold 

A system with exactly the same form as the roll device described in the last 

Section was incorporated in yaw as one possible means of overcoming the directional 

divergence. As with all the yaw stabilizers outlined below, only the directional re¬ 

action nozzle responds to outputs from this system. A portion of Figure 9 illustrates 

the electrical analogue of the transfer function 

Because of a computer wiring error, the rate portion of this transfer function 

was tested initially at a gain 10 times higher than intended. This caused difficulties in 

turning the simulator that were attributed to the "leaky" heading hold term, and this 

method of stabilization was rejected. Tests subsequent to finding the error indicated 

that a small amount of artificial rate damping enhanced the directional characteristics, 

but insufficient time remained to re-test the "leaky" heading hold feature. Failures of 

the rate gyro were not simulated, but since the gain found to give acceptable perform¬ 

ance was quite low (Sect. 6), no difficulties are anticipated. 

Values of Kr ranging from zero to 3. 5 (je^yfcc were tested. 

4. 2. 2 Sideslip Vane 

Yaw reaction nozzle inputs responding in a stabilizing direction and following 

the control law 



- 13 - 

l; 
ß 

(clog yaw nozzle 
deg sideslip 

were programmed as shown in Figure 9. Two mounting positions of the sideslip vane 

were simulated, (i) at the centre of gravity, and (ii) 22. 5 ft ahead of the centre of 

gravity. This latter position is typical of the location on the nose of the actual aircraft. 

In practice, a vane cannot be mounted at the centre of gravity, of course, but the in¬ 

fluences of aircraft motions on a boom-mounted vane can be eliminated, producing the 

desired effect. The actual sideslip of the helicopter, measured by the vane mounted on 

the right skid and corrected for helicopter motions, was used as the sensor. 

Several values of "CM were tested from zero to 0. 3 

lated positions. 

deg 
deg 

for both the simu- 

During the tests to simulate the movement of the sideslip vane to the forward 

position, the vane signal was modified by the addition of an appropriate scaled voltage 

proportional to the angular rate of yaw, as shown by a solid line in Figure 9. It was 

not appreciated until later that the aerodynamic terms (viz. the weathercock stability, 

N^, and the dihedral effect, L^), which should have continued to receive the centre of 

gravity sideslip angle in the computer, were receiving the modified signal. The dashed 

line indicates the wiring as it should have been to supply only the stabilization system 

with the signal simulating the forward vane mounting position. This resulted in the 

damping terms and being effectively altered from their values shown in 

Table 1. became -0.075 at 80 knots and -0.18 at 50 knots rather than +0.24 

and +0. 084 
rad/see^ 
rad/sec ’ while became -0. 32 at 80 knots and -0. 29 at 50 knots 

rather than -0.31 and -0.25 rad/sec“ 
rad/sec ' 

It can be safely argued that the change in the directional damping, N^, is 

insignificant and, since the difficulties experienced by the pilot while testing the forward 

mounting position of the vane w-ere directional rather than lateral, it would seem that 

the contribution did not affect the pilot’s opinion seriously. 

4. 2. 3 Lateral Accelerometer 

The control law' tested, relating yaw reaction control inputs resulting from 
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lateral accelerations was 

a 
y ' \ ft/sec2 lateral acceleration ( deg yaw nozzle 

and utilized the two lateral accelerometers mounted on the simulator to yield electrical 

signals proportional to transverse accelerations. Dual accelerometers are used in the 

helicopter to eliminate acceleration signals due to yawing and rolling manoeuvres. A 

practical mounting position for a lateral accelerometer on the actual P1127 aircraft is 

6 ft aft and 2. 5 ft above the centre of gravity; hence, this location was simulated by 

adding signals proportional to the yawing and rolling angular accelerations and theoe 

distances (Fig. 9), as well as the centre of gravity location. 

Several values of d from zero to 4.6 —were tested at both locations. 
ft/ sec 

4.2.4 Favourable Aileron Yaw 

It is a relatively easy undertaking to obtain some positive (favourable) yawing 

acceleration due to rolling inputs on the P1127 by tilting the roll reaction nozzles rear¬ 

ward. Zero nozzle tilt and approximately 29 deg of tilt angle were programmed in this 

simulation, as shown in Figure 9, and altered the sign of this term from the basic air¬ 

craft's negative value, shown in Table 1, to a positive value of 0. 024. (This change 

should have reduced the roll control sensitivity resulting from the reaction nozzles by 

approximately 10 percent, but this term was not altered when the favourable yaw was 

tested. ) 

4. 3 Pitch Stabilizer 

During the investigation of the lateral-directional characteristics, and espe¬ 

cially during the instrument flying task, it became evident that a large amount of pilot 

attention had to be devoted to controlling the pitch attitude. Therefore a brief program 

was conducted with a pitch stabilizer of exactly the same "rate damping plus leaky atti¬ 

tude" form as used in roll. The only transfer function tested wras 

a 
q 

deu of pitch nozzle 
deg/sec 

Only the pitch reaction nozzle was actuated by this system and was limited 
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to an authority of 30 percent. Figure ^ illustrates how this device was simulated. 

5. 0 FLIGHT TASK 

The stability derivatives programmed in the equations of motion of the model 

were set before each flight for either 50 knots or 80 knots, and all approaches for that 

sortie were made at the appropriate speed. After selecting the desired stabilizing 

feature at the appropriate gain, the safety pilot climbed the aircraft to approximately 

1500 ft above the local terrain, set the airspeed, reduced the engine power to achieve 

a glide path of approximately 3 to 5 deg terminating in a selected field, manipulated 

his directional control to set the sideslip to zero as indicated by the evaluation pilot's 

flight instrument, and requested the evaluation pilot to engage the autopilot and take 

control by placing the analogue computer in its "operate" mode. The evaluation pilot, 

who was aware of the SAS feature to be tested, then took control and attempted the 

manoeuvres described below. 

5.1 Visual Task 

During the visual approaches four separate exercises were attempted to 

highlight the lateral-directional behaviour. First, the evaluation pilot attempted to 

maintain the desired approach path using the ailerons only, keeping the rudders fixed. 

This was essentially a matter of small corrections and straight flight. Then, still 

using the ailerons only, he executed a typical side step manoeuvre to change the pro¬ 

jected touchdown point to a different field. This was essentially a turning manoeuvre 

and representative of lining up on the approach from a visual circuit, or of a large 

correction required when becoming visual from an instrument approach. Subsequently, 

these two tasks were repeated, using aileron and co-ordinated rudder as required. The 

approach was continued to approximately 5 to 10 ft above ground, when, in the majority 

of the cases, the safety pilot took control; at other times an overshoot was initiated 

before the evaluation pilot relinguished control. Similar manoeuvres were performed 

while briefly assessing the pitch stabilizer. 

Comments on each manoeuvre for each of the approximately 160 approached 

attempted were recorded for discussion following the flight. 

5. 2 Instrument Task 

Toward the end of the program, after characteristics for a satisfactory 

lateral-directional stabilizer had been determined, two flights were made during which 
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instrument approaches using the equipment described in Section 2. 0 were attempted by 

the e'valuation pilot. The glide path was adjusted to 3 deg while its sensitivity was held 

at the standard ILS value of ±0. 5 deg. The localizer was swung to cause all approaches 

to be made into the surface wind and its sensitivity was set at ±5 deg (one-half the 

standard value). The decreased localizer sensitivity was found necessary to enable 

the pilot to obtain sufficient information from it to adequately bracket the localizer 

beam. This, no doubt, was partially due to the inherent difficulties of this type of low 

speed instrument flying, but also to the localizer and the glide path emanating from the 

same point source rather than the localizer being displaced well behind the touchdown 

point as it is in a normal airport ILS system. 

The setting up of the initial conditions for these instrument approaches was 

similar to that described in the last Section. However, the evaluation pilot was given 

control while on the localizer in a descent at the proper sink rate (so that the angle-of- 

attack calculation would start from the proper trimmed condition), but not necessarily 

on the glide path. He then attempted to guide the aircraft down the ILS beam until 

approximately 100 ft above ground level, where the safety pilot assumed control and 

proceeded to climb back up for another approach. 

6. 0 RESULTS AND DISCUSSION 

Because of the limited time available for the R \E personnel to spend at this 

Establishment, a relatively small number of stabilization features, basically those 

indicating most premise from computer studies, were investigated in flight. These 

included two roll stabilizer characteristics, a variety of directional stabilizing devices 

and, after the most acceptable lateral-directional had been determined, one pitch 

stabilizer. 

6.1 Roll Stabilizer 

The influence of the roll stabilizer without stabilization in yaw was greeted 

by the pilot with mixed feelings, as is evidenced by his post-trial coments: 

'»The roll stabilizer currently fitted to the P1127 prototype (Ka = 0. 25) 

has a rate damping term togetner with a leaky attitude term (Z^ = 1.0) having a 

5-sec time constant. The effect of this stabilizer on the simulation (as on the proto¬ 

type) was to make the aircraft stable in roll and to increase the stick demands needed 
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to achieve a given roll rate. Bank angles were easier to hold steady, there was no 

tendency to overeontrol and, in general, the rolling characteristics were very pleasant 

indeed. This change had two opposite effects on the directional control characteristics. 

It could either make it so much easier to control the roll axis that more time and effort 

was available to control the vital slip angles or, alternatively, the docile roll behaviour 

led the pilot into rolling manoeuvres which were much more ambitious than when un¬ 

stabilized and this led to an increase in the directional workload, which sometimes 

resulted in loss of control. There was no doubt that when used sensibly the roll stabi¬ 

lizer made overall lateral and directional control a little easier. However, this pilot 

could not make up his mind which he preferred, a light touchy aircraft in roll and yaw 

or an unharmonized aircraft with an exaggerated directional problem. If anything, 

when flying a straight approach the stabilizer was preferred but when manoeuvring the 

harmonized aircraft seemed a little easier to co-ordinate. Turbulence did not seem to 

alter the relative merits of the systems. " 

Changing the roil stabilizer characteristics to K = 0. 01 and Z =2.0 
a a 

moved the pilot to comment, ’’Handling was midway between the original roll stabilizer 

characteristics and the basic aircraft. The arguments of the previous paragraphs still 

applied and again turbulence did not cause a change of assessment. Changes in the roll 

stabilizer characteristics did not result in a compromise between the difficulties of the 

original roll stabilizer and the basic aircraft; rather they produced handling which 

seemed to lack the advantage of either extreme. " 

lhe original roll stabilizer proved very beneficial when used in conjunction 

with a variety of directional stabilizing features, however, and was used in the major¬ 

ity of the testing described in the following Section. 

6. 2 Directional Stabilizing Systems 

Each stabilisation device was investigated separately through tne ranges 

outlined in Section 4, and then various combinations of ”best" gains were tested. The 

combination of sensors and the gains that gave the most satisfactory handling qualities 

was: 

(i) Lateral accelerometer, d = 3. 4 —clela ^au r--:u,tion nozz^e— 
ft/sec lateral acceleration 

1 



deg yaw reaction nozzle 
' ’ deg/sec yaw rate (ii) Yaw rate, Kr = 

(iii) Roll nozzle tilt = 29 deg aft 

With this stability augmentation the pilot was able to keep the sideslip angle within 

±5 deg at the 80-knot approach speed for all the manoeuvres tested. These manoeuvres 

were considered reasonably demanding for a jet-lift fighter. In fact, acceptable per¬ 

formance was obtained at 80 knots by utilizing the lateral accelerometer only, but the 

addition of the other two terms enhanced the handling qualities noticeably. At 50 knots 

no acceptable system was determined, although the rate of divergence was reduced to 

approximately that of the basic aircraft at the higher flight speed. Because of other 

factors, such as fuel consumption and engine life, this lower speed seems unlikely to 

be desirable for operational use and, hence, the main effort was devoted to the 80-knot 

case. 

The influence of the rate gyro and the roll nozzle tilt on the flight character¬ 

istics can be expressed in terms of changes in the stability derivatives of Table 1. By 

applying various factors, such as the gearing between the pilot's rudder pedals and the 

yaw- reaction nozzles and the control sensitivity of the nozzles, the contributions of the 

"satisfactory" stability augmentation are found to be: 

M 2 rao/sec 
(a) The yaw damping, N^, ic increased by -0. 60 making it -0. 85 

at 50 knots and -0. 91 at 80 knots. 

(b) The aileron yaw, ,, is increased by 0. 032 - , which is seen 
a 

from Table 1 to change this derivative from an adverse va* te of -0. 0084 to a favourable 

level of +0. 024. 

(The lateral accelerometer's contribution can be put in a similar form yielding 

The pilot was unable to perceive any difference in the handling qualit.es due 

to movement of the lateral accelerometer from the centre of gravity to the more 

practical aft mounting position (Sect 4. 2. 3). 

Results comparable with thof-e obtained with the lateral accelerometer could 



be obtained using the sideslip vane hypothetically mounted at the centre of gravity, but 

moving it forward by 22. 5 ft caused a directional oscillation when its gain was high. 

This was attributed to a substantial decrease in the effective directional rate damping. 

Even the effective centre of gravity position was rejected from consideration 

relatively early in the program since (a) for a practical system a vane is too easily 

damaged, especially in squadron use, (b) its response to turbulence and, hence, its 

turbulent input to the stability augmentation system would be higher than that of the 

lateral accelerometer, and (c) it is of no use in the hover where any side velocity is 

interpreted as 90 deg of sideslip. 

The "leaky” heading hold feature of the yaw stabilizer, as tested, was un¬ 

acceptable, but no firm conclusions can be reached on its desirability because of the 

computer wiring error cited in Section 4.2.1. It seems evident, however, that even 

though this method is very powerful in overcoming the directional instability, it is 

inherently unacceptable since it mercases the amount of attention that the pilot must 

devote to turn co-ordination. The most desirable method of effecting moderate heading 

changes during approaches of the type used in this investigation is to have co-ordinated 

turns result from aileron inputs alone. Conversely, this "leaky" heading hold feature 

endeavours to keep the heading constant, inducing a sideslip as the aileron is applied, 

thus requiring the pilot to use his rudders in all turns. 

The combination of the roll and directional stabilization characteristics 

yielded satisfactory lateral-directional handling qualities for both visual and simulated 

instrument flight, but the pilot encountered difficulties controlling the pitch attitude, 

particularly during instrument approaches. As is outlined in Section 6. 4, the addition 

of the pitch stabilizer cured this problem. 

6. 3 Stability Augmentation System Failures 

An important consideration when incorporating a stability augmentation 

system in any aircraft is to make sure that the pilot can retain control following any 

possible failure. Two main effects determine how well he is able to cope: (a) the size 

of the transient input, and (b) the handling qualities of the aircraft before and after the 

failure. The size of the transient depends on the manoeuvre being performed and the 

direction of the failure (as well as the authority of the system, which in the present 

case was held constant at 30 percent). For example, if the aircraft is in a moaerate 
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banked turn to the right, the roll stabilizer will be hard against its left stop, attempting 

to roll the aircraft out of the turn. If a "hard-over left" failure now occurs, the pilot 

will not appreciate it until he starts to roll out of the turn. However, if a "hard-over 

right" failure occurs he will be rapidly rolled further into the right turn and could be 

presented with a difficult recovery problem. 

Both zero failures, wherein the transducer instantaneously assumed a zero 

value and stayed there, and hard-over failures, wherein the transducer instantaneously 

delivered its maximum positive or negative value and held it, were simulated for both 

the lateral accelerometer and the roll rate gyro. These failures were programmed by 

the safety pilot and were selected, without warning the evaluation pilot, while he was 

manoeuvring on the approach. The evaluation pilot was aware, in general, that a 

failure was to occur sometime on the approach. In no case, even on the occasions 

when no prior warning was given, did the pilot conducting these trials lose control 

because of a failure of a stabilization system. 

6. 4 Pitch Stabilizer 

The unstable pitching moment due to angle of attack (M^ of Table 1) created 

a difficult handling qualities problem to the pilot, especially during simulated instrument 

flight. On several occasions the simulator pitched up and, owing to a limited nose- 

down control power at the 80-knot approach speed, control was lost and the safety pilot 

had to disengage the system and recover. To oversome this deficiency, a pitch stabi¬ 

lizer of the form shown in Section 4. 3 was installed and tested by five pilots (only one 

of whom had flown the P1127) during visual approaches. It was the unanimous opinion 

that this feature improved the handling qualities enormously from a pilot opinion rating 

(Cooper Rating Scale) of approximately 6 to approximately 2. Unfortunately, the pilot 

who had done all the flying on the lateral-directional portion of the program was not 

available to fly this added feature. 

7.0 CONCLUSIONS 

This investivation of a variety of stabilization systems for a jet-lift V/STOL 

aircraft (PI 127) indicates the following; 

(i) Satisfactory directional handling qualities can be obtained through a 

stabilization system employing a lateral accelerometer as the sensing transducer 
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operating the yaw reaction nozzle with an authority limited to 30 percent of full control. 

(ii) Similar results can be obtained in forward flight through a sideslip vane 

but, because of practical considerations of operational use, such a device would prob¬ 

ably be difficult to maintain. In addition, a vane could not be utilized in hovering flight. 

pi) The handling qualities can be enhanced further by the addition of a 

stabilizing term that increases the directional angular rate damping (using a rate gyro 

as the sensing element) and by increasing the favourable yaw due to aileron input 

(making it positive by tilting the roll reaction nozzles aft). 

(iv) Although the "leaky" heading hold system was not correctly tested, it 

appears to possess some inherently undesirable features that increase the pilot work 

load in co-ordinating turns. 

(v) A pitch stabilizer of the form tested resulted in very good longitudinal 

handling qualities, eliminating the heavy demand on pilot’s attention inherent in the 

unstabilized aircraft at approach speeds. 
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TABLE 1 

DIMENSIONAL STABILITY DERIVATIVES FOR THE HAWKER P1127 

LONGITl DINAL 

DERIVATIVE DIMENSION 50 KNOTS SO KNOTS 

-0. 044 -0. 054 X 

6t 

M 

M 

M 

M 

M. 

It/scc 
ft/see 

fl/scc' 
rad 

ft/sec¿ 
ft/sec 

ft/sec~ 
rad 

ft/scc‘ 
in 

ft/scc' 
in 

rad/sec 
ft/sec 

rad/sec 
rad 

rad/sec* 

rad/see* 
in 

-2 1 -5.4 

-0. 020 -0. 016 

-15.4 -37.3 

-8. 1 -8. 1 

+0.055 +0.14 

*0.0011 +0.0018 

+1. 12 •2 05 

riuy,SCC -0. 047 -0. 076 
rad/sec 

- -0.10 -0.27 
rad/sec 

+0. 024 +0. 052 

+0.18 +0.18 

LAT ERAL-DIR ECT IONA L 

DERIVATIVE DIMENSION 50 KNOTS 80 KNOTS 

Y 
P 

ft/sec 
rad 

H/sec* 
rad/sec 

ft/sec 
in 

rad/sec 
rad 

r:td/sec2 
rad/sec 

rad/sec 
rad/sec 

rad/see* 
in 

rad/ see 
in 

2 

rad/sec* 
in 

rad/sec' 
in 

rad/see* 
rad 

rad/sec 
rad/sec 

rad/see* 
rad/sec 

rad/see 

rad/see‘ 
in 

rati/sec* 
in 

2 

-8.1 -17.7 

-0. 27 -0. 27 

-0 75 -0. 90 

-1.0 -1.9 

+0. 084 +0. 24 

-0. 81 -1. 29 

-0.041 -0.103 

+0. 086 +0. 086 

+0.046 +0.12 

+0. 50 +0. 50 

-0. 16 -0. 03 

-0. 25 -0. 31 

+0. 021 -0. 033 

rad/see +0 M0 +0 077 

+0. 24 +0. 24 

+0. 0014 

-0. 0084 -0. 0084 
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FIG. 5 INSTRUMENT PANEL ARRANGEMENT 
FOR VISUAL FLIGHTS



- 30 -

o>

u.



®5r

- 31 -

I.

U
S]|

zo
t-<
_J

c/1z

Q.
it:o
Oo
m
3cn
UJoz
<
q:o

o
u.



A
E

«
O

O
ïN

A
M

IC
 

C
O

N
T

R
O

L 
L

IM
IT
 

= 
3
0
%
 

P
IT

C
H
 
N

O
Z

Z
LE

 

- 32 - 

F
IG

. 
8
 

A
N

A
L

O
G

U
E
 C

IR
C

U
IT
 

F
O

R
 T

H
E
 P

II
2
7
 

L
O

N
G

IT
U

D
IN

A
L
 E

Q
U

A
T

IO
N

S
 O

F
 M

O
T

IO
N

 



- 33 - 

FI
G

. 
9
 

A
N

A
LO

G
U

E
 

C
IR

C
U

IT
 

FO
R
 

T
H

E
 

P
II

2
7
 

L
A

T
E

R
A

L
-D

IR
E

C
T

IO
N

A
L
 

E
Q

U
A

T
IO

N
S
 

O
F 

M
O

T
IO

N
 




