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SUMMARY

Tests forming part of a comprehensive programme of lateral stability
measurenents are described and their results discussed, together with
miscellanecous supporting tests. The stability derivatives with respect to

aileron deflection (BE, nE) and sideslip (&v, D, yv) have been measured by

static methods, the rudder derivatives (&, nys yé) have been deduced from the
transient response to rudder pulses, and the derivatives 8v’ 6P, Doy By ¥y and
yﬁ have been obtalned from time-vector analysis of the dutch-roll mode. Where

possible, these results are compared with wind tunnel tests; the agreement is
satisfactory in the case of the ailercon and sideslip derivatives measured under
static conditions, and 6v and n, obtained from dutch~roll analysis agree well

with the 'static' resultse.
A brief report on the more important handling qualities is included.

Contrary to expcotation, the handling of the airoraft is free from serious
roblemns.

Replaces R,A.E, Technical Note No, Aero2921 - A R,C. 25663
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1 INTRODUCTION

The 'slender wing! offers distinct performance advantages for an aircraft
intended to cruise at around Mach 2, but it appeared from model and associated
analytical work that such planforms might suffer from serious handling
deficiencies particularly at low speeds. The llandley-Page HoP.115 slender-wing
research aircraft was built to permit investigation, at low airspeeds, of the
aerodynamic characteristics and the handling qualities of a configuration of
this sort. The aircraft first flew on 17th August, 1961 and was handed over to
the R.AE. in November of that year. The flight testing reported here was
carried out over the period December 1961-November 1962, which included about
four months of non-availebility.

At the time that the £light test programme was being planned, considerable
concern was generally felt regarding the lateral-~directional stability and
control of slender wings. It was decided, therefore, to concentrate the earlier
phases of the test programme on the lateral handling and the measurement of
lateral stability derivatives; it was planned to make the latter measurements
using a wide range of test techniques and to cover both quasi-static and dynamio
conditions of flight. The data presented in the present paper include the
derivatives due to aileron (Eg, ng) and sideslip (&v, n_, yv) measured by statio

=

methods, the rudder derivatives (64, né, yé) deduced from the transient response

to rudder pulses, and the stability derivatives (Zv, £, n, N Yo yﬁ) obtained

P’y
from analysis of the dutch-roll mode., Brief comments on the more important
handling quelities are also given.

It must be emphasised that this is an interim report and that some of the
guantitative information it contains may necd revision in the light of further
snelysis, or as additional date is obtained from further tests; because of this,
we have not attempted to drow any major conclusions at this stages

2 DESCRIPTION OF ATRCRAFT

The Handley-Page H.P.115 research aircraft consists basically of a slender
delta wing of 75 leading edge sweep with streamwise tipse The wing has a
symmetriocal bi-convex section formed by circular arcs, and its leading and
trailing edges arc effectively sharp (radii = 0.7 in.S; the wing thickness:chord
ratio is 6%.

The cockplit is somewhat underslung in order to preserve a clean dorsal
line and so reduce interfercnce over the forward portion of the wing.

The engine, a Bristol-3iddeley Viper 9 delivering a sea-level statio
thrust of approximately 1850 1b, is mounted above the upper surface of the rear
of the wing to avoid foreign body ingestion and to sase the ground-clearance
problem., The final nozzle of the Jjet-pipe is 'kinked' upwards by 110, in order
to minimise the pitching-moment due to thrust.

Vented, flap-type airbrakes arc mounted on the lower surface of the wing
and are oporated pncumatically. The undercarriage is non-retractinge



A general arrangement of the aircraft is shown in Fig.1; Fig.2 shows a
photograph of the aircraft in flight. The principal dimensions and leading
particulars of the aircraft are given in Table 1.

All controls are manually opcrated. The rudder has no direct acrodynamioc
balance, but is fitted with a balance tab, the gearing and zero position of
which can be adjusted on the ground. The full-span elevons incorporate a high
degrec (524) of ‘'set-back hinge' balance, and two plain tabs occupy the full
span of each clevon trailing edge. The outer tabs are geared in the anti=-
balance sensc and also function as trimmers in the elevator sense; provision is
made for changing the tab gearing or introducing a differential tab setting on
the ground - there is no provision for lateral trimming in flight. The inner
pair are spring tabs and act to reduce the stick forces once a small preload
has been exceceded. A 'feel spring' is incorporated in the elevator circuit,
near the base of the stick, and is disengaged when the trimmer is operated.
This rather complicated control system provides reasonable and well-harmonised
gilcron and elcevator forges, though the system has some disadvantages from the
flight=test point of view.

The aircraft structure is fabricated from light alloy components and
covered with light alloy sheeting; the exceptions to this are (2) the main
control surfaces, which, broadly spesking, are ply-covered ahead of the hinge
line and fabric-~covered aft, and (b) the detachable leading edge, which has a
plywood covering over spruce frames. OStrong points are provided near the
extremitics of the fuselage and the wing tips, which can be used to mount
ballast and so change the c.g. position and the moments of inertia.

3 DESCRIPLION OF INSTRUMENTATION

The flight paramcters measured are listed in Table 2, together with the
transduccrs used and their characteristics; thesc parameters were rccorded in
two continuous-tracc galvanomecter recorders*, fed by a common time-base. The
pilot noted the fuel state and enginc conditions appropriate to each run,
obtaining the former from an accurate fucl flowmeter which incorporated a
'gallons remaining' counter.

The dynamic characteristics of the rate gyroscopes were quite acceptable,
though the traces they produccd contained small amounts of high=frequency noise
which originated in the rotor and gimbal bearings and tended to incrcase as
these bearings wore. Angular acceleration information in roll and yaw was
obtained, in effect, by measuring the damping currents generated by motion of
the gimbal systcems of the rate gyroscopes; since the 'noise' referred to above
was diffcrentiated (and hence amplified) by this proccss, the noise content of
the acccleration traces was relatively high, cven with rather heavy filtering.
The rate gyroscopes were rigidly mounted in the aircraft and their measurement
axcs were aligned within 0.04° of the rclevant body datum axes.

The accelerometers had adegquate dynamic characteristics, and although
they suffercd from slight cross-sensitivity, this had no significant effect on
the results rceported here, which relate to a substantially uniform 1g field.
They were mounted as closc as practicable to the aircraft's ce.ge It should be
noted that though the lateral acceleromecter was the best available at the time,
it was less scnsitive than was desirable,

* The choicc of rccorders was compromised to some extent by the limited weight
and spacc avallable.
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Control and tab angles were measured by miniature, commercially-avallable
A.C. transducers; it was found that the transducers used initially to measure
elevon angles had undesirable dynamic characteristics and they were rcplaced by
R.A.E, designed equipment of adequate performance.

Pitch attitude relative to the resultant acccleration vector in the plane
of symmetry was mecasurcd by a pendulum inclinometer.

A fairly short and stiff boom, mounted in the plane of symmetry and
parallel to the chord-line, extended forward from the lower surface of the
Tuselage nose (Fig.1). At its forward end this boom carried a standard Mk.9
pitot-static head which supplied total pressure to the A.S.I. system, and statio
precssure to the altimeters and the pilot's A.8.I. A smell venturi was fitted on
the starboard side of the boom and connected to the 'static' side of the air-
speed recording element, thus effectively amplifying the airspeed signal to a
level consistent with the recording instrument's sensitivity. Incidence and
sideslip vanes were mounted, respectively, on the port and lower surfaces of the
boom and drove potentiometer pick—offs.

The equipment for neasuring clevator and aileron stick forces was used
only during the carly stages of the devclopment flying.

L PLIGHT TE3T METHODS

4«1 Range of tests

For the majority of the tests deseribed below, the aircraft's all-up
weight at engine starting was approximatcly 5050 1b with the maximum fuel load
of 1170 1b. The centre of gravity was at 54.8% of the centre line chord (co)

with full fucl load, and moved forward to 5k.7/4 as the tanks emptied. Exceptions
to these conditions are noted wherc appropriate.

Because there was little interest in the aircraft's 'high speed' behaviour
the tests were limited to the maximum specd attainable in level flight (about
175 knots I.A.S., depenuing on weight and height)e The lower limit of airspeed
was reduccd progressively during the programme, the lowest speed reached being
50 knots, while the lowcst specd at which tests have been made regularly is
60 knots. The angles of incidence gorresponding to this range of test airspeeds
(175=60 knots) ranged from L° to 21.°, approximately.

The majority of the tests were made at a height of 10,000 ft.

L..2 Position error mcasurcnernts

Beoause the airspeed and incidence scnsing clements were subject to
influence by the aircraft's pressure ficld, it was considered essential to
celibrate them in flight. "wo techniques were used:=

(a) The 'aneroid' method. The aircraft was flown past an observing
station on the roof of a high building at various stabilised airspeeds; the
readings of sensitive ancroids, at the observing station, and in the aircraf't
and connected to its static pressure source, were compared to yield static
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position errore. The methed became increasingly prone to error as the dynamic
pressure decreased, and the majority of the low-speed P.E's were obtained by

(b) The 'formation' method. A slight modification of this standard
technique was employed in that the tests were made above fairly strong low-level
(20004000 ft) inversions; this ensured suitably smooth conditions and also
provided a well-defined 'top' to the haze layer and hence an excellent horizon
against which the test aircraft could be photographed for attitude measurement
and height correction. An example of such a photograph is shown in Fig.2e.

Some further checks on the incidence vane calibration were obtained from
measurements of attitude and flight path inclination taken under steady flight
conditions (c.g. during partisl glidc tests).

4e3 Partial glides

To maintain level flight, the H.P.115 requires a thrust which is a
relatively large fraction of its weight; furthermore, the angle between the
thrust vector and the flight path may be large, particularly at low speeds; in
consequence the thrust component normal to the flight path can be significant
(about 10% of the weight in an extreme case), and must be allowed for when
computing lift coefficicnts, for example. These corrections were derived from
approximate measurements of the alrcraf't's performance obtained by partial
glide tests,.

The aircraf't was esteblished in a steady glide (cngine idling) at the
desired airspecd and at an altitude of about 12,000 ft. Records were taken as
the aircraft passed through 10,000 £t altitude and, in addition, the pilot
measured with a ostop-watch the time taken to descend through a given helght
band (usuelly from 11,000 to 9000 ft). The tests were rcpeated at various
speeds distributed throughout the normal speed range.

hob  Latoral and dircctional stability tests

Lot Steady sideslips

Starting from trimmed, level flight at 10,000 £, the pilot made a series
of straight steady sideslips in each direction, up to maximum angles of 157,
maintaining constant height and airspeed; records werc teken only when each
particular condition had been siabiliseds The tests werc rcpeated at various
specds distributed throughout the level flight range.

The above procedure was repeatcd with ballast weights mounted in one of
the wing~tips (together with sufficient ballast in the nose to meintain the
longitudinal c.g. position at 0.545 co), all weights being mounted internally.

Initially, a few handling checks were made with 50 1b mounted in the starboard
wing=-tip, The ballast was then incrcascd to 95 1b (the maximun available) and
steady sideslip measurements made throughout the speed range. Thesec tests were
repeated with 95 1b of ballaest in the port wing=tip. The all-up weight at take=
of f was approximately 5190 1b when carrying 95 1b of wing=-tip ballast.

In all the above tests, the rcoords showed slight control buffeting at
mcderate sideslip angles, and this increased in intensity with increasing
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sideslip and incidence. The buffet was of'ten confined to, and was always more
severc on, the leading clevon. However, this did not constitute a handling
problem but probably reduced slightly the asccuracy with which elevon angles
could be measured at the larger angles of sideslip.

Lobe? Latcral oscillations

The aircraft was trimmed for straight and level flight at 10,000 ft. The
reoorders were then switched on and e rapid 'pulse' of rudder injected by the
pllots After returning the rudder to its trimmed position (approximately), and
throughout the ensuing dutch-roll oscillation, the pilot attempted to hold all
controls fixed. As an elternative technique, some oscillations were initiated
by a double pulse of aileron, the controls again being held fixed during the
subsequent motion. Recording was continued until the oscillation had decayed
to small amplitude or a sufficient number of cycles had been recorded; in the
case of givergent oscillations, the bank amplitude was allowed to increase to
about 107 and the pilots then resumed control.

In general the pilots were only partially suocessful in their efforts to
hold the controls fized, at least while the oscillation amplitude was fairly
large - in the case of the elevens this was due, in part, to the absence of a
rigid connection between stick and control surface, which is inherent in a
spring-tab control systenm.

It should be noted that the thrust available at 10,000 ft was not
sulficicnt to maintain level £light at the lower test alrspeeds (velow about
70 knots, depending on weisht), and data were obtained during slow descents at
full throttle. A4 limited amount of supplemcntary low-speed data was obtained
in level Flight at reduccd test altitude (5000 fit).

To investigate the possible influencc of enginc conditions on the aero-
dynamic derivatives, a number of lateral oscillations were recorded on the

glide (i.c. cngine idling) at 10,000 ft.

5 METHCDS OF ANALYSIS

5.1 Stecady sidcslips

The control angles and latcral accelerations measured during these tests
were plotted against indicated sideslip, and the values of these gquantities at
zero indicated sideslip were read off the resulting curves for each test air-
specd, plotted against CLa for the two (95 1b) asymnetric ballaest conditions,
and faired curves drawm. The changes (Ago, Ago and Aqyo) between the two
ballast conditions at given valucs of CLa were rcad off these curves; these

changes were rclated to the control derivatives and to the change, AL, in
applied rolling moment by the expressions,
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It was possible, therefore, to determinc the aileron derivatives from these
expressions by substituting thercin values for the rudder derivatives obtained
from flight or wind-tunnel tests.

For the case of steady, straight flight, the equations of motion can be
differentiated with respect to sideslip to give
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The plots of &, &£ dnd ay against indicatcd sideslip were essentially linear for

moderate angles and the slopes of these linear portions wcre measured, plotted
against CLa’ and faired curves drawn. The position error of the sideslip vane

has yet to be determined eXBerimentally and so the correction from indicated to
true sideslip was estimated 3 and applied to the faired values making allowance
for the fact that the vane scnses ’c&m_1 ﬁ“rv
cos a
conjunction with the control derivatives, to determine the sideslip derivatives

from equation (2).

. These data were used, in
3

5.2 Lateral oscillations

The analysis of the dutch-roll records has becn divided into two parts,
the first of which deals with the transient response to the control pulse while
the second deals with the lateral oscillation proper.

He2+1 Trangient response

The immediate response of an aircraft to an abrupt control pulse of short
duration is dominated by the inertial characteristics, the aerodynamic forces
and moments (other than those generated by the control) being small at that
stages Thus, to a first approximation, the initial response to rudder can be
written
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where A here denotes the increment from the original sveady condition.

Records for analysis were sclected on the criteria of steadiness prior to
the pulse and brevity of pulse duration. The peak control displacements during
the pulses and the peak lincar and angular accelerations resulting therefrom
were measured from the flight records and corrected, approximately, for the
frequency response of the instruments; the lateral accecleromcter readings were
then corrected for the offset of the instrument from the aircraft's c.ge The
first approximations to the control derivatives werc then calculated from
equation (3), using the measurcd aircraft weights and the moments and products
of inertia* appropriate to thosc welghts.

The ajircraft response paramcters p, r and B at the instant of peak
control displacement, were obtained from the flight records, and the associated
aerodynamic forces and moments were caloulated using wind-tunnel data or
estimates of the derivatives; thesc were then uged to correct the approximate
cantrol derivatives.

Up to this point it was convenicnt to work in body axes, since the
majority of the cssential parameters were measurcd in that system. The body=~
axis control derivatives were converted to the stability axis system, using the
neasured incidencc, by the rclationships

£ = £, CO3Q + 1 sin o
&B B

Z

n n

z zB

i

cos o - 4. sin a
B

Yz T8

It was obscrved that a rudder pulsc was frequently accompanied by a
small, inadvertent, movement of the ailcrons and corrections for this were

applicd, where nccessary, after the conversion to stability axess

5242 Qytoh-roll analysis

In this preliminary analysis, the usual assumptions of lateral stability
theory have becn made; in particular it was assumed,
* Recent measurcments have shown the actual inertia to differ significantly
from the estimates (seec Table 1). The results rcported in the present paper
are based on these measured inertias. The inertia measurcments will form the
subject of a scparate note.
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(a) that the aircraft behaved as a linear system, the disturbances were
small, and their squares and products negligible,

() that there was no coupling between the lateral and longitudinal
modes.

The first assumption may not be strictly valid for this aircraft, but we
do not have the means to undertake rigorous analysis of a non-~linear system at
the present time. Some longitudinal-lateral coupling was recorded, but this was
invariably small and its cffccts have been neglected in the present analysis,.

The dutch-roll components of the total response were analysed by time-
veotor methods., The principles of the 'time-vector' method are well-established
and a good description of their practical application is given in Ref.5; a
resumé of the methods employed here (which are essentially similar to those of
Ref.5) is given below.

The Tlight records included the initial control transient, followed by a
rclatively short interval during which the response contained a significant
contribution from the roll subasidencec; these portions were excluded from the
dutch-roll enalysis. The few flight rccords which contained relatively large
contributions from the spiral mode (due, usually, to a failurc to return the
rudder to its trimmed position) were also discarded; the spiral mode component
was filtered out of the remaining récords by establishing graphically for each
variable the true datum about which the oscillatlon cocurred,

Tor cach oscillation analyscd, succcessive peak amplitudes from the true
datum were plotted on a logarithmic scalc against number of cycles for each of
the recorded variables, and thc best set of parallel straight lines drawn. The
damping was determined from the slope of these lines, and the ratio of the
ordinates of any pair of lines at a particular abscissa defined the amplitude
ratio of the quantities reprcsented.

The instants at which the oscillating quantities intersectcd the
appropriate datum lines could be determined with reasonable accuracy; these
were plotted against number of cycles for each variable, and the best set of
parallel straight lines drawne. The frequency of the oscillation and the
apparent phase angles between the variables were determined from these plots,
and the latter were then corrected for instrument phase lags to give true phase
angles,

For enalysis in stability axes the roll and yaw rate data were transformed

from body (datum) axes, using the time-vector relationships

EB cos o + ;B sin @

heR}
i

.. cos 0 = p. sin o
B Py

Hi
1t

The noise content of the angular acccleration signals made it difficult to
mcasure their amplitudes or phases with sufficient precision for analysis, and
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it was considered preferable, thcrefore, to derive this information from the
angular velocity data by means of the well-known relationships between time-
vectors and their derivatives.

The lateral acceleration at the c.g. was derived from the accelerometer
reading by the vector relationship*

&y = ayi - % Ty 42y Dy

where (x%, NP 21) denote the coordinates of the acoelerometer relative to the
C.g.

Bebause some doubt was felt regarding the accuracy of the sideslip vane
under dynamic conditions, the angle of sideslip was derived from the kinematic
relationship

ii v (+
&8

é- = ) - ¢ cos o = ¥ sin y

oy
-
Toe}

where v is the inclimation of the flight patl to the horizontal, and
, f
9’ = j Dodt ; ‘lIf = I‘.dt L4

Some of the records analysed showed appreciable oscillation of the
controls, usually the ailerons. The gmplitudes and phase angles of these
control movements were obtained by methods similar to those employed for the
other flight parameters, but in general the amplitudes werc small and,
conscquently, the phase information was rather inaccurate.

From the amplitude and phase relationships established between the
flight variablcs, it was poscible to solve the cquations of motion by time-
veator methods, assuming values for one aerodynamic derivative in each of the
three equations; estimated values of the derivatives 6r, np and y, were

employed, and the inertis data were obtained exporimentally.

6 RESULTS AND DISCUSSION

6.1 Position error messurcments

The flight test data were reduced by standard methods to yield total
position error. The ‘datum height' method yielded only static P.E., and in

* The small term 7, (p% + r%) kas been omitted from the R.H.3., in

conformity with the basic assumptions; its effect could be regarged approxi=-

mately as the addition of a 2, second harmonic component to the Py ternm,

distorting thc wave form without changing either amplitude or mean phase.
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thie casc the pitot P.L. was obtained from wind-tunnel measurements'. The

total position-error corrections are plotted against T.A.S, in Fig.3; these
corrections were used to calibrate the airmpeed recorder in terms of E.A.S.

It will be secn from Fig,3? that the P.E.C. shows considerable scatter
(about *#1.2 knots, max) at the lower airspeeds, due to the difficulties of
acocurate mecasurenent at low dynamioc pressures. It is probable that the P.E.C.
curve is accurate to about 0.5 knots down to the lowest speed for which it
could be established (about 70 knots); the extrapolation to lower airspecds may
inorcase the possible inaccuracy. Due to the possible errors in P.E.C., the
acrodynamic coefficients and derivatives obtained may be in error by up to
1.5 at specds above 70 knots, and perhaps *3% at the lowest normal test aire
speed (60 knots).

The data obtained during flight calibration of thc incidence vane are
prescnted in Figeh, which also includes supplementary data obtained in other
well-stabilised flight conditions. It will be seen that the mean scatter is
reasonably low (about *1°).

It may be noted that the clizht ‘hump' in the incidence curve corresponds
closely with the region of ncar-constant P.E. (35-110 knots, Fige3), suggesting
that Loth features may have a common origin.

6.2 Partial glides

Lift{~drag ratios were derived from the partial glide test data, using
values for the nett idling thrust cstimated from the engine brochurc, and the
results are shown plotted against lift-coeffioicnt in Fig.d.

These results were found to agree reasonably well with comparable wind-
tunncl data*, being sbout 57 higher than the latter throughout the test range.
This difference is attributable in part to the higher Reynolds number of the
flight tests.

The lift-drag ratiocs of Fip.5 were used to corrcct the flight results
from apparent to true 1lif't coefficicent, wherc, for level unacceleratcd flight

D W
v = ¢ {1+ tan a,) =

S being the thrust-linc incidence, This expression is not strictly correct

since the lift-drag ratio is influenced by clovator angle to trim. It will be
seen from Fig.6, however, that the effects of power on elevator angle to trim
were small, so that the errors introduced by this simplifying assumption were
small also.

* The wind=-tunnel date referrcd to here and elsewhere in this section were
obtained from tests madc on a gth scale model in the 13' x 9' tunnecl at R.A.E.
Bedford. It must be emphasised that these data should be regarded as
provisional at the presont time.
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In Fig.7 the apparent and true 1ift coefficients for a number of level

flight runs have been compared., The tunnel CL - o curve relevant to flight

elevator angles to trim has becn included in the figure and is in excellent
agreement with the flight data for incidences below 179; at 20° incidence,
however, the flight CL is higher by about 3%, which may be due to errors in

P.I.C. at thesc low speeds (parasGel)e.

6.3 Steady sideslips

A typicel plot of control angles and lateral acceleration against
indicated sideslip is shown in Fig.8e. It will be seen that the aileron and
rudder angles varied lincarly with sideslip over the test range and that the
range of linearity of latcral acceleration was somewhat smaller. Elevator
angle to trim was only slightly uffected by sideslip, indicating that m, was

smalle

The control wngles to trim at zero indicated sideslip are plotted against

C, in Fig.9 for thc two 95 1b asymmetric ballast conditions. It was observed

La
that thesc angles changed rather abruptly (as indicated by the dashed lines in
Tig,9) over a small CL range centcred around ULa %+ 0.,52; this appears to have

been caused by & sudden change in locasl flow direction near the vane rather
than a genuine change of dircctional trim, but the causes of the phenomenon
have yet to be established. Ixecpt in the region where the apparent vane zero=
shift occurred, the mean curves of aileron angle to trim were reasonably well
established and the scatter of individual points was small. However, rudder
angles to trim were less satisfactory in this respect.

The latcral fccelerations at zcro indicated sideslip were always small so
that the scatter of results tended to be rclatively large; furthermore, several
runs had to be discarded owing to sticking of the accelerometere.

The aileron derivatives (6§, ng) were calculated by the method outlined

in pare.b.1, using velucs of 67 and n, obtained from flight (see para,6.k) and

A 4

from wind-tunncl tests, and the results are shown in Fige10e. Both flight and
tunnel values of £, were small compared with 86, s0 that the latter was not

A

scnsitive to possible errors in the incremental rudder angles (Aéo) but

depended primarily on the accuracy with which the incremental aileron angles
(Aio) oould be determined; this is believed to be in the region of #0.17, so

that &g should be accuratc to about *104 in the worst case (at high speed, where
AEO is about 10); the valucs of Zg

(rather than on the mean curves ) have been included in Figel0 and show a nmean

scatter of *37%. The flight values of Bg agree well with the tunnel at the

lower specds, but become numerically lower by about 10% at the highest speeds
tested; the latter could well be a genuine acro-elastic effect. We have noted
already that the quality of the flight-measured rudder angles to trim was not
entirely satisfactory, so that the values of Aéo could not be defined within

based on the individual data points of Fige9
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close limits; in consequence, the values of ng derived therefrom were felt to

be in some doubt. In these circumstances it was not surprising to find rather
poor agreement (i25%) between flight and tunnel values of ng, though it should

be noted that part of this discrepancy may be attributablec to the effects of
scale on the flow through the control hinge gaps.

Because of the difficulty experienced in measuring lateral acceleration
to a sufficient order of accuracy, only tentative values of yg could be

extracted from the flight data; these values were broadly similar in magnitude
t0 the tunnel results, ranging from about 0.03 to 0.06. This uncertainty has
led us to use wind-tunnel data for Vg in the computation of Yy from equation (2).

The rates of change of the control angles and the lateral acceleration
with indicated sideslip anglc arc shown in ige11 as functions of CLa' The

sideslip derivatives were calculated from these data, as outlined in para.5.i,
using the flight-measured control derivatives (except in the case of yg), and

the results are shown in Fig.12, together with the estimated correction to
indicated sideslip uscd in the calculations Dccause we had some reservations
regarding the accuracy of the flight-measurcd control derivatives (other than
3g), the calculations were repeated using wind-tunnel values for all the control

derivatives, and the results have been included in Fig.12. The diffcrences
between the valucs of EV obtained by these two processes arc small, and both

sets of results agree well with the provisional wind-tunnel results.

The values obtaincd for n, by substituting flight-measured values of the

control derivatives in equation (2) are in excellent agrecment with the
provisional wind-tunnel results (sce Fige12); this must be considered fortuitous,
to some extent, in view of the uncertainties involved in the extraction of nE

from the flight data. The agrecment became poor when wind-tunnel values of the
control derivatives were used in the substitution; this effect arose mainly
from the differences between flight and wind-tunnel values of né (see paraebel).

It should bc noted here that the wind-tunncl Cn - B curves were slightly non=-

linear (a feature not rcflected by the control angles tg trim in flight) and the
tunnel results referrcd to sbove relate to a range (0~5 of sideslip) corres-
ponding to that uscd in flight (about *4 , usually).

Values of v, extracted from the flight data are in reasonable agreement

with the provisional wind-tunnel results.

6.4  Rudder derivatives from transient resoonse

The initial transients in the rcsponse to rudder pulses were analysed by
the method outlined in para.5.2.1 to yield the rudder derivatives eé, né and yé.
The corrections for changes in p, r and B were small in the case of n_, and Yep

zh

so that these results are insensitive to crrors in the corrections themselves
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(cege due to errors in estimating the derivatives involved), In the case of
6€B, however, the corrections were larger — up to 20% of the total value. It

should be noted that in the transformation to stability axes 62 occurred as the

small differcnce between comparable quentities; this, coupled with the relatively
large corrections necessitated by the small, inadvertent, aileron movements
(para.5.2.1), made for poor accuracy in &y

The results of this analysis are shown in Fig.13, plotted against CL. The

rather large scatter is attributable mainly to the high noise content of the
angular acceleration traces (see para.}) and, in the case of yg, to the very

small accelerations measured. Although these results show broadly similar trends
to the provisional wind-tunnel results, the flight values for né and yg are

numerically larger by up to 255; it seems most unlikely that these discrepancies
could be attributed wholly to scale effect, nor does it appear that the instru-
mentation could have been in error to this extent, though this possibility will
be investigated further., Measurement of the rudder derivatives by 'static!'
methods is planned for the future, and may help to resclve this problem. In view
cf the potential inaccuracies inherent in extracting 64 from the flight data, the

results are considered to agree well with the wind-tunnel.

Geb  Dutch=-roll results

The variation of the dutchw-roll period, demping and roll/yaw ratio (in
stability axcs) with C, are shown in Fig.ilk, The bulk of this data relates to

level flight at 10,000 £t or, at the higher C 's (50455 approximately) where

there was insufficient thrust Lfor level flight, to slow descents at meximum
continuous power. The few results obtained with cngine idling at 10,000 f£% or
in level flight at 5000 ft did not differ significantly from the main body of
the datae

Vector polygons typical of the various preliminary stages in the analysis
are shown in Fig.15, and in Fig.16 the nmethod of solving the equations of motion
by closure of the appropriate vector polygons is evident; the values assumed for
the derivatives 8r and nP which werc used in these solutions are shown in Fige.l7 -

the derivative Y, ves assumed to be zero.

It should be noted that in derivwing the cege lateral acceleration we have
neglected the variation in c.gs height with fuel state (i.es in z, in Fig.15(a)).

This omission introduced small errors in the amplitude and phase of ay, the

main effects of which were, firstly, to introduce a bias in the mean values for

yp and M making their apparent values less positive by about 0,02 for yp and
about 5% or less for N and, secondly, to incrcase the scatter in yb (and to a

lesser degree in yv).
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The derivatives obtained by vector analysis of the dutch-roll data did not
differ significantly between the three flight conditions covered in the tests,
and they have been plotted against 1lif't cocfficient in Figs.16, 19 and 20.

The results obtained for &v (Fig.18) show relatively little scatter and

agree reasonably well with those obtained from steady sideslip tests and from
the wind-tunnel. The data show & slight, but perhaps significant, tendency for
the 'dynamic! 6V to become numerically less than the static value as the reduced

frequency paramecter, v <f %?) , increased (i.es in this case, as CL increased);
this trend, if substantiated by an extension of the present tests, is qualita-
tively similar to that found by Owen in some wind-tunnel experiments on a gothic
wing (unpublished).

The damping in roll, &P, agreces well with the estimated values at 1lift

coefficicnts below about O.h, but becomes numerically less than estimated at
higher CL's (Fig.18). The results are somewhat scattered and the reasons for

this (which apply with even greater force to the scaotter observed in n end y?)

become clear on examining the vector diagrams of Fig.16, where the sensitivity

of thesc derivativcs to possible errors in phase measurement is immediately
obvious; the relative phases between the various flight paramcters camnot be
established to an accuracy much better than #2° with the existing instrumentation,
and in practice the phase errors may be slightly larger than this and could
account for much of the scatter observed.

The results obtained for n, (Fig.19) agrec rcasonably well with those

derived from steady sideslip tests (vased on the flight-mecasurced control deriva-
tives). The sideslip amplitude in the dutch-roll tests was generally less than
120, whercas the range covered in the steady-sideslip tests was usually about
+,°, Assuming that there is no differcnce betwcen stcady and oscillatory values
of n, in this casc, thc agrcement between the two sources would indicate that,

within the cxperimental accuracy, the n, measured in flight was independent of

sideslip amplitudc over the range quotcd; this is in contrast with the wind-
tunncl results, vihich exhibited the slight non-linearities in the Cn - B curves,

usual for this type of configuration®.

The results for n, show a marked scatter, the main causes of whi¢h have
been mentioncd above. It should be noted that the values obtained for n, in
this analysis were influcnced strongly by the values assumed for np, particularly
at low CL; because of this, the rapid incrcase in n, at low CL's, shown in Fig.19,
may not be genuinc. Tests aimed at mcasuring n, Ly other methods are currently

in progrcss, and it is hoped that thesc will resolve some of the present

* The wind=tunnel valucs given in Fige.12 are for a * ° range of sideslip, to
give the ncarest available comparison. For the range %27, n_ was sbout 80% of

these valucse
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uncertaintics; subsequent rc-analysis of the dutch-roll date in the light of
this information may enable us to establish values for np.

The analysis yielded rather unsatisfactory results for the side-force
derivatives (Fig.20). The values obtained for y, are extremely scattered and

the mean curve differs from the stcady-sideslip results by up to 25%; it is
thought that this may have becn due to the very small lateral accelerations
involved (with very few exceptions these were less than 0.,02g) for which the
available instrumentation proved insufficiently sensitive or accurate.

The scatter of the results for yp is thought to have arisen partly from

insensitivity of the latcral accelerometer, and partly from the scnsitivity of
j to random errors in phasc mecasurement; the discrepancy between measurcd and

eathatcd values of y? (Fig.20) could be explained by a consisbent error of
about 2O in the phasc of a . It should be noted here that consistent errors in
the magnitude and phase ofyay, sufficient to account for the observed discrepan=-
cies in y_ and y_, would have little influence on the rolling and yawing moment

derivatives obtaincd by this analysis.
7 HANDLING*

The handling qualities predicted for the H.P.115 during the design stage
were far from cncouraging, based on existing criteria; two featurcs which gave
particular cause for concern werese

(a) the dutch-roll characteristics, which seemed likely to constitute a
scrious handling problem, especially at the lower flight speeds, and

(b) the difficulties likely to be encountered in making a cross-wind
approach and landing, especially in turbulcnt conditions, seemed likely to
restrict drastically the conditions in which the aircraft could be flown.

In practice, the lateral handling behaviour has proved to be remarkably
docile, despitc the fact that the actual dutch-roll behaviour does not differ
greatly from that predicteds The measurcd dutch-roll characteristics are compared
with thc handling criterion®* of Ref.6 in Fig.21, and, on the basis of this

* In this section, direct quotations from pilot's reports appcar between
inverted commas.
e This criterion was esteblished by extensive flight tests under simulated

approach conditions during which the dutch~-roll period was substantially constant
3,5 secs and the aileron yawing moment (ng) was maintaincd at 'optimum' lcvels.

It rclated pilot opinion to the damplng of the oscillation (in terms of 1/T1) and

the paramcter l EL [ (where l SL | = VVQT | 2 I is the amplitude ratio of bank to

equivalcnt 51de~ve1001ty). It is thought that the differcnce in period from that
of the H.P.115 should not influcnce thc applicability of this criterion
significantly.



eriterion, it is evident that the H.P.115 dutch-roll would be rated as
'acceptable for normal operation' only at speeds greater than about 130 knots
(CL < 0.15), and would be rated 'unacceptable! for speeds less than about

95 knots (CL > 0.3); in practice, the actual ratings assigned by the pilots
were considerably better than these - for example, at 60 knots (CL x 0.65) the

airoraft was rated 'acceptable' (rating % L4) in calm air and 'marginally
acceptable' (rating * 6.5) in mild turbulence, while at 95 knots the ratings
improved to 'satisfactory’ (ratings of 2.5=3) in calm air and 'acceptable'
(ratings of 3.5-%.5) in moderate turbulence; the fact that 95 knots is a
commonly used touch-down speed, and has been used as an approach speed, lends
added weight to these latter ratings. Though the reasons for these unexpectedly
favourable opinions are not fully understood, the pilots' comments indicate a
keen awareness of the high rolling acceleration of this aircraft (it has been
referred to as "a bundle of rolling accelerations") and suggest that the
instinctive reaction to these accelerations, in conjunction with the high
quality of the roll control, is sufficient to check a disturbance "berore a
pignificant displacement has cccurred". The remarkable precision of control
achicvable has been demonstrated by allowing the dutch-roll to diverge at low
airspeeds, with controls fixed; the oscillation stabilised eventually at bank
amplitudes in the region of 1300, the pilot then "comfortably and instinctively
corrected with aileron movements" and, in about 5 seconds, had restored the air-
craft to substantially steady, wings-level flight at the same airspeed;
converscly, "normal, instinctive lateral control movements" have been used to
prevent development of the dutch-roll divergence at low airspeeds., In this
connection, it should be mentioned that the lateral control has been described
as "rather like flying an aircraft with pleasantly powerful and sensitive
powered ailcrons"; the response is "crisp and rapid", and the control movements
required are small and transient with "an associated pleasantly resilient
feeling - the result is that the forces secm much lower than they are in
reality"; only when prolonged aileron deflections are needed (cege in a steady
sideslips does the pilot appreciate thc relatively high forccs required.

The approach and landing in cross-winds has proved to be far less difficult
than had been fearcd during the design stage, the maximum cross-wind component in
which the aircraft has been operated to date beihg about 18 knots in a total wind
strength of about 22 knots (accompaniecd, of course, by the low altitude turbulence
typical of such & wind), when the approach and landing was described as
"moderately hard work, but not particularly difficult", Many flights have been
made in cross-winds of the order of 15 knots and both 'crabbing and 'sideslipping'
techniques have been used on the approach, without difficulty. It is reasonable
to infer from this result that a similar but larger aircraft (e.g. comparable to
some S.5.T. proposals) would be capable of meking a successful approach in cross-
winds equivalent to these angles of sideslip (i.e. about 100, or roughly 25 knots
cross-wind at an approach speed of 150 ¥nots), but it does not follow that the
terminal manoeuvre (removal of drift or sideslip) would necessarily be as simple
in the larger aircrafti since the problems of height judgement, timing, etc, may
be quite different and the aircraft geometry may impose more stringent limits on
permissible touch-down attitudes. In the latter connection it should be noted
that the H.P.115 has a rclatively generous tip clearance in the landing attitude
(equivalent to about 10 of bank with compressed oleos, tail bumper on the
ground, and control neutral), so that the pilots may have tended to be more
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tolerant of bank errors in the final stages of the approach than they might
otherwise have been. Exceptionally, bank errors of up to 5  at touch-down have
been noted, following a sudden cross-wind gust.

The ground behaviour during cross-wind take-offs or landings is of some
interest. During the take-off run the aircraft tends first to weathercock into
wind then, as airspeed increases, it rolls out of wind and shortly afterwards,
tends to yaw out of wind; finally, at still higher airspeed, the normal weather-
cock tendency reappears. The behaviour during the landing run is similar, but
the sequenoe of events is, of course, reversed. These characteristics are
common, in varying degrees, to other aircraft of rather 'slender' configurations
and it is thought that the out-of-wind yaw results from differential under-
carriage loads associated with the 'out-of-wind' rolling moment.

The majority of the approaches to date have been made at speeds in the
110-120 knot band, using about one-half airbrake extension; however, a number of
approaches have bcen made, without difficulty, in the ‘clean' condition at speeds
down to 95 knots* - in this condition the aircraft is well below the minimum drag
speed, and though it just satisfies the criterion for 'minimum comfortable! speed
for carrier approaches, put forward in Ref.7, namely

C ac
L /D _ 1
-5 (% - ch>'> 0.003

it docs not mcet the criterion for a standard airfield approach7

o ac
L /7D D
- 575 CL - ch> b o.001

At these speeds the aircraft was rated as 'satisfactory' in smooth air and
'scceptable for normal operation' in moderate turbulence, though it was noted
that speed holding required rather more attention than was needed in the 'half
air~brake" approach; these ratings were, of course, coloured by the deteriorated
dutch-rollf behavicur and by the existence of a longitudinal trim change with
DPOWET s

It should be noted that all approaches in the H.P.115 hdye been made in
daylight and in conditions of reasonable visibility, moreover the final approach
leg usually is relatively short, lasting perhaps 30 to 60 seconds; it follows
that the ratings quoted above cannot be applied with confidence to long approaches
made under adverse weather conditions.

The aircraft's longitudinal static stability was positive, stick fixed, at
all speeds, though only marginally sc at the highest CL'S reached (see Fig.éi;

in the stick free case, the aircraft became unstable at speeds greater than

* This leads to touch-down in an attitude near the limit for tail clearance
so that approaches at lower speceds cannot be carried to completion.
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175 knots approximately and was, at best, neutrally stable at speeds below about
90 knots; the manocuvre margin was positive, stick fixed and free, throughout
the specd range. The longitudinal short period oscillation was found to be very
heavily damped - nearly dead-beat - at all speeds within the range tested to
date (80-175 knots); the lift due to elevator deflection (z ) is large, but its

effects were gencrally not evident to the pilot (who is seated close to the
centre of rotation). These longitudinal characteristics have not produced any
handling problems and the pilots have had little difficulty in flying the aero-
plane accuratcly during the low speed tests or, indeed, in any other phase of
the programme - the instability at 'high' specds makes speed control "a little
less plcasant” and manoecuvring "a little touchy" but it does not constitute a
handling problem. In general, the longitudinal behaviour has been described as
"straightforward" and the handling as "pleasant, with control responses that
are crisp and precise, and forces that are pleasantly low",

The fairly pronounced ground-effect forecast by wind-tunnel tests has not
becn detected by the pilots; this may be due to the brief period spent in the
region where the ground-effecct changes significantly, during the coursc of a
normal take-off or landing. Morc detailed ground-cffect investigations are to
be made in the future.

Before closing this section the authors would like to emphasize that,
although thc H.P.115 has proved to be a remarkable success and unexpectedly
docile from the handling point of view, it would be most unwise to infer from
this that a larger aircraft of this typc, operated under less favourable
conditions, would necessarily be equally satisfactory. The performance of the
H.P.115 can give no indication of the difficulties associated primarily with
sheer size for example, and the attempt to 'read across' to the larger aircraft
should be made only with great caution.

8 CONCLUSIONS

Miscellaneous flight tests incidental to the measurement of lateral
stability derivatives have been discussed and their results prescnted. Where
possiblc, these results have been compared with wind-tunnel data, with generally
satisfactory agrecement; the CL - a curve obtained as a by-product of these tests

agrees particulably well with the wind-tunnel results.

The rudder derivatives (&,, ny, yé) were deduced from the tran31ent

responsc to rudder pulses; the trcnds shown by thesec results arec 31m11ar to
those observed in wind=tunnel tests, but the flight derivatives are significantly
larger numerically (by up to 25% in the case of né).

The aileron derivatives (6F’ nE) were obtainced from tests in which the

aircraft was ballasted asymmetrically; owing to instrumcntation deficiencies,
the derivative yg could not be obtained from these tests. The flight results

for 85 agree very well with the wind-tunnel over most of the CL range, but are

about 10% low at the highest specd tested - this may well have becn due to aero-
clastic distortion of the ailerons. Owing to instrumentation deficiencies, the
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results obtained for ng could not be established within close limits; the

tumel-~{1ight comparison shows differences of the order of 25%, though the
results from the two sources exhibit broadly similar trends.

Derivatives with respect to sideslip were extracted from the results of
steady sideslip tests by a method requiring a knowledge of the control deriva-
tives. This was available from {light and wind-tunnel tests and both sets of
information were used. The method yielded results for 8v which are in good

agreement with the wind-tunnel; the flight results for n, based on flight data

for the oontrol derivatives are in excellent agreement with the wind-tunnel -
somewhat fortuitously in view of the uncertainties regarding ng = but the agree-

ment is not good for the results based on wind-tunnel values of the control
deorivatives; the flight results for v, asree fairly well with the wind=-tunnel

data.

A large number of dutch-rolls were recorded under various conditions of
flight, and the results have been presented in terms of period, damping and
roll/yaw ratio; the oscillation was, at best, lightly damped, and it became
divergent at speeds below 70~75 knots. The dutch-roll records were analysed by

the time-vector method to yield the lateral stability derivatives &v, 6p, nos Dy

Yy and yp. The derivatives 6V and n, obtained by this means agree well with the

steady sideslip results, although the wind-tunnel tests would predict a difference
of n_ on account of the different sideslip ranges used. The agreement between the

two sources is poor in the case of I, - this is thought to be due to the difficulty

of measuring accurately, with the equipment available, the very small lateral

accelerations involved. The results obtalned for the rotary derivatives 6p, n,

and yp are somewhat scattered, reflecting the difficulties of measuring phase
rclationships with sufficient precision; the measured value of Ep agrees reasonably
well with theoretical cstimates, and y_ shows a similar trend to the estimate,
though it differs conciderally therefrom. Alternative methods of measuring n,
are beingy investicated.

The opinionus expressed regarding the aircraft's handling qualities have
been gencrally remarkably favourable; in particular the dutch-roll characteristics
which, by existing critcria, would have been cxpected to attract markedly adverse
comment, are regarded as at least 'acceptable' at all but the lowest flight speeds
achieved., Numcrous successful approaches and landings have been made in cross=-

winds and turbulence levels, relatively high for an aircraft of this low wing-
loading.
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Genoral
T L A Y

0LYS
Y%

OXOY 01_. 0

1]

lateral acceleration at aircraft centre of

gravity

lateral acceleration indicated by an accelerometer

not at the c.g,
28 wing span
chord

wing centre~line chord

acceleration due to gravity
rolling moment

1ifs

pitching moment

aircraft mass

yawing moment

system of stability axes

system of body (datum) axes

system of principal inertia axes

period of oscillation
rolling veloocity
pitching velocity

yawing velocity

- 23 -

About stability axes,
B or 0 denote velocities about
datum or principal inertia axes
respectively,

(ft/secz)

(£+)

(£t)

(£t)

32.2 ft/seoz
(1b-ft)

(1b)

(1b-£t)

(s1lugs)

(1b-ft)

(seo)
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fl

Ee X

SYMBOLS (Continued)

wing area
semi-gpan

time taken for oscillation to decay to one-half its
original amplitude

incremental velocity along 0X
incremental velocity along OY
incremental velocity along 02

truce alrgspecd

equivalent airspeed

aircraft weight

side force

wing incidence (= Lody datum incidence)
o + & dincidence of principal inertis axis OXO
v ) s A

T angle of sideslip

inclingtion of flight path to horizontal

logarithmic increment of dutch-roll oscillation
inclination of OXO to 0X, (approximately ~3.950)
ad

rudder angle

rudder angle to trim at zero indioated sideslip

damping ratio of dutch-roll

n, + N
~§«§—~B televator' angle
port elevon angle

starboard clevon angle

- 2y -

gft/seo)
or knots)

(1v)
(1b)
(deg)
(dee)
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SYMROLS (Continued)

taileron' angle

aileron angle to trim at zero indicated sideslip

alr density

air density at 15°C,1013.2 m

P

£ rclative density

bank angle

angle of yaw

A dot above any quantity denotes differentiation with respect
to time

A bar above any cuantity denotes ¢ time vector

Aerodynamic coefficients and stability derivatives

it

L

A - —c——

VS

1ift coefficient

2

‘apparent' lift coefficient <= 2208 35 unaccelerated flighé)

2 VS

L
= L derivative of rolling moment duc to sideslip,

—
p VvV Ss

oL

where L = <= , etc
v

L
S I

p v Ss

L
T

p v 852

ov

derivative of rolling moment due to rolling velocity

derivative of rolling momcnt due to yawing velocity

derivative of rolling moment due to rudder
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SYMBOLS (Continued)

£ = owe—dees  derivative of rolling moment due to aileron

N N
A4 R derivative of yawing moment due to sideslip

v p Vs ~ 0 2 as

b
it

n = --4L~3 derivative of yawing moment due to rolling velocity

- 5 derivative of yawing moment due to yawing velocity
pV 3s :

n = —G derivative of yawing moment due to rudder

o™
-
<o
|#2]
1+

N,.
ng = ~—-§im“ derivative of yawing moment due to aileron
pV Ss

Y Y
, _ V. . B ot e, . s .
Yy = 5T C derivative of side forcc due to sideslip
p S

derivative of side foroe due to rolling velocity

<
f1
i

derivaetive of side force due to yawing velocity

|

derivative of side Force due to rudder

e derivative of side force due to aileron

g

f
<t

Inertia charactcristics

AO principal rolling moment of inertia (slugs ftz)

c, principsel yawing moment of inertia (slugs ftz)
2 . .2 . . .

A = AO cos & Co sin” a rolling moment of inertia

in stebility axcs
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SYMROLS (Continued)

C = C0 cos2 a + Ao sin2 @ yawing moment of inertia in stability axes
B = (AO - CO) sin a _ cos & product of inertia in stability axes
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TABLE 1

H.P.115. Principal dimensions and inertia characteristics

Wing

)

o)

Gross area (s
Span b
Centre-line chord (c

2s)

Wing secotion

L32.5 £42
20 £t
4O %

Symnetrical, blconvex,
¢ircular-arc seotion:

tfc = 6%

Leading-edge sweep 7%0 42!
Treiling-edge sweep Oo
Dihedral 0
Ilevons
Spanwise linmits 0.1258-1.08
Chord, aft of hinge line (Cﬂ) 2,66 ft
Aerodynamic balance 0.52 Cn set-back hinge
Range of movement +29° to =34°
Spring tab, spanwise limits 0.1253-0.575
Spring tab, chord 5.4°inohes

Spring tab, range *12

Geared/trim tab, spenwise limits 0e575~0.9s
Geered/trim tsb, chord 5.4 incheg
Geared/trim tab, trimming range +9° to =3

+0.45 (i.e. anti=balance)
(additional ratios 0.3,
0.6 provided)

Geared/trim tab, gear ratio

Pin and rudder

Gross area (fin + rudder, external to fuselage) 31.3 ftz
Root chord 7.29 £%
Tip chord 5'3 ft
Leading-cdge sweep 60
Rudder area, af't of hinge-line 8 £t?

- Range of novement (measured in a plane parallel

. 0

to plane of wing) +25
Range of movement (measured perpendicular to

. hinge line) i36.5°

Weisht and c.fte position

Normal all-up weight at engine start 5050 1b
Fuel welght 1170 1b
c.g. position at engine start 0.548 c, aft of L.E, of

centre=-line chord
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TABLE 1 (Continued)

Inertia characteristics

No fuel Measured Firm's estimates
Rolling moment of inertia (AO) 1,350 1,215 slugs £t?
Pitching moment of inertia (B) 16,180 15,320 slugs £+
Yawing moment of inertia (Co) 17,380 16,400 slugs £2
Full fuel

Rolling moment of inertie 1,520 1,435 slugs ft2
Pitching moment of inertia 16,185 18,530 slugs P2
Yawing moment of inertia 17,670 16,630 slugs £t2

The asbove figures are the principal moments of inertia relevant to the Cege
position of 0.548 Cye

Measured Firm's estimate
Inclinetion of longitudinal principal 3 95° 5 1°
~JelJ —Je

inertis axis to body datum axis

This angle did not change significantly with fuel state, and the figures quoted
are averages of the 'full' and 'empty' values.
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Recorder NoOet

TABLE 2

List of instrunentation

SeFelelle TyDe Ap22

Natural Damping
Quantity measured Transducer Type Range frequency ratlo
(c.P'Bo)
Normal acceleration A.C, accelerometer Lero Flight O=2g 12 0s7 ]
Incidence Wind vane/potentiometer IT 3=1~16 0=259 0006l V® 0,025%
Attitude Pendulum {nclincmeter SeFelolle Jo33 _4;203 L 02
Pitching veloclty Rate gyroscope Aero Flight 2107/ sec 1060 Ay
Port elevon angle Variable inductance 0
Aero Flight 020 - -
Sttbta elevon angle } pick~off & . i
Recorder Noe2 S.Fel.Me T¥pe .26
Naturel Damping
Quantity measured Transducer Type Range fregquency ratio
(C-P'So)
Lateral acceleration Al.Ce accelerometer Aero Flight 2038 12 Oe7
Sideslip Wind vane/potentiometer | IT 3=1=16 45° 008l Vo 04025
Rolling velocity Rate gyroscope Aero Flight _4_-300/ sec 17 07
Re¢lling acceleration Damping curreat In item above ;9001 sec Equivalent to maximum
trace deflection
Yawing veloclty Rate gyroseope Aero Flight 5% sec 100 P 0e7
Yawing acceleration Damping current In item above :300/ sec Equivalent to maximum
trace deflection
Rudder angle 3 E11lott Brose o 4250 - P
Trim tab angle Varisble {nductance W121-2ER(X) ; =30 4 §° - |-
Port spring=tab angle ! | plck=off ﬁ :120 - -
8tfbtd spring-tab angle J [ :120 - -
Altitude Static head Mke9
Alrspeed i Pitot head Mk.9 ‘
. Ventur! static Lero Flight | g

* Theoretical flgures, Vy In ft/secs
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FIG.l. GENERAL ARRANGEMENT OF HANDLEY-PAGE H.P II5.
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