‘_!g—“'}_'\!i_ o i i
A R.C. Technical Report BEDF@E&BJ A R C. Technical Report

MINISTRY OF SUPPLY

AERONAUTICAL RESEARCH COUNCIL
CURRENT  PAPERS )

Development and Flight Tests
of an Instrument Flight Director
for Helicopters

By

P. Brotherhood, D.L.C.

LONDON: HER MAJESTY'S STATIONERY OFFICE
1958

PRICE 3s. 6d. NET






C.P, No, 390

U.D.C. No, 629,13,055,22:629.135.4

Techntcal Note No, Naval 20

August, 1957

ROYAL ATRCRAFT ESTABLISHMENT

Development and Flight Tests of an Instrmment
Flight Darector for Helicopters

»

by

P. Brotherhood, D.L.C.

SUMMARY

This note describes the development and flight testing of an instrument
system which enablesg the pilot to fly & helicopter in instrument flight
conditions with considerably less concentration or fatigue compared with that
required using previous insivruments, This Ilnstrmument, which is intended to
replace the present inadequate artificial horizon, gives longitudinal and
lateral indications derived from the appropriate mixing of signals from
angular displacement of the helicopter, rate of change of angular displace-
ment end control pesition, The presentation is in the form of a zero-
reader., MNo interpretation by the pilot of the helicopter's behaviour is
necessary, his only actions being to keep the instrument indicaticns zero,
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1 Introduction

At the present time, the utility of the helicopter 1s limated by the
high degree of concentration and skill requared to fly on instruments,
particularly at the lower airspeeds., An account of flight tests made some
time ago (1948) on a Sikorsky R4LB helicopter using a standard blind flying
panel 1s given in ref, 1, Much of the daffuiculty experienced then was due
to the unsatisfactory longitudinal flying characteristics, 1.e. dynamic
instability, both stick-fixed and stick-free, It was thought at that time
that the dufficulties would be considerably reduced as improvements in
helicopter stebility were effected, However with minor exceptions no
basic improvements in stability have been forthcoming and in consequence
the problem of anstrument flight largely remasins.

In thas note satisfactory instrument flight i1s taken to mean blind
flyang at any conditzon within the flight cenvelope wathout undue concentra~
tion or fatigue, It i1s considered that once this 1s achieved the problems
of indicating to the pilot approach paths and navigational aids are no
greater than with faxed-wing aircraft,

Some work on providing more suitable instrumentation has been done
elsevhere® with a flight directur system in which anformation usually
obtained from several different instruments i1s dasplayed on a single
indicator in & manner more easily interpreted by the pilot. With thas
system the degree of concentration required was less than that using
standard instirumentation,

Instrument flight trials have also been made on helicopters having
various degrees of stability imparted artificially by auto-stabilizationd ¥,
4s may be expected less effort i1s required as the degree of auto-stabiliza-
ti1on 18 1nereased., With a complete anto-pilot having stabilization about
all axes the problem of instrument flying as discussed here does not really
exist. Also, there may be many helicopter applications when the fitting of
a complete auto-pilot 1s not Justified, but the performance of instrument
flaght to a standard comparable with that possible in fixed wing aircraft
would be an asset,

This note describes the development and preliminary flight testing of
an 1nstrwient system in which the onus of interpreting and anticipating the
motion of the helicopter from an instrument dasplay is removed from the
pilot, and performed by the instrumentation. The correct stick movements
to apply during a dasturbance are those necessary to zero horizontal and
vertical bars in a zero reader type of displgy. Sance the pilot has a
darect control over the bars with has stick, control of the helicopter is
refduced to mechanical movements in responss to visual error signals, In
other words the human pilot is required to play exactly the same part as
the servomotors in an auto-stabilizer system, The Westland S-51 Dragonfly
helicopier was used for ithis work.

2 Description of preliminary tests

These were confined to the patching plane only, aimed at exploring
the feasibility of the system in general. No provision was made for
restricting the prlot's external view.

The fom of control law thought to be requared was:-

4B, = af® + bo + cb)

where AEH is the longitudinal cyclic pitch application relative to the
tram



8 dis the increment in fuselage attitude ain the pitching plane
a, b and ¢ are arbitrary constants,.

The basic circuit used was simailsr to that used frequently in auto-
palot work. The basic unit was an angular rate gyro, and angular accelera-
tion and attitude were obtained by differenfiation and integration respect-
1vely., In order to eliuminate the effect of progressive errors of integra-
tion, a "leaky integrator" was used. This had the effect of modifying the
above equation as follows:-

1 2 M X
¥ j 8Byat + 4By = al® + b6 + ch)

The taime constant K of the "leaky integrator" was about 15 seconds, which
was sufficiently long to have a negligible effect on the transient response

of the helicopier and pilot, thus giving a good approximation to the

required centrol law, The cyclic pitch term was obtained from a potentiometer
in the control circuit. The control law constants could be varied over wide
limats.

The form of display is shown in Fag. 1a, ard the sense 1s such that
the needle rises vhen the attitude, angular rate and angular acceleration are
in a nose up direction. A forward stick movement dcpresses the needle, and
the control law 1s satisfied when the needle is at zero. The datum of the
stack signal could be varied by means of a knob on the instrument panel.

Flights were made at or near hovering where control of the helicopter
13 generally wore difficult, The nose of the helicopter was brought up
sharply to an angle of anout 20°, and recovery effected by zeroing the
instrument, A wide range of constants was first tried with the angular
acceleration term deleted. The response of the aircraft was varized from a
neutrally stable oscillation to a heavily damped subsidence, and the pilots
ampressions of the degree of difficulty in zeroing the needle were obtained.
The angular acceleration term was then added and variations of the constants
assessed as previously.

Flights were then made throughout the speed range with the more
satrgfactory settaings found previously, with the pilot referring to the zero
reader only as far as longitudanal control was concerned.

3 Discussion of preliminary tests

The factors governing the choice of control constants conflict and a
compromise has to be made. In order to minimise the response of the
helicopter to gusis and turbulence, the 1deal response would be a very
rapidly damped motion in response to a sudden disturbance, This would
require large and rapid stick movements in response to the visual display in
order to satisfy the control lew, and there 1s a lamat to the pilot's ability
to do this for physiolegical reasons. The problem of providing stability at
the expense of manoceuvrability sometimes encountered with auto-stabilizers
does not cccur here, since the pilot 1s not obliged to zero the display when
making a manoeuvre,

The control law found most satisfactory by the pilot in the hovering
tests (without an angular acceleration term) resulted an the aireraft motion
taking the form of a well damped pure subsidence ain response to the initaal
disturbance. These tests were made in calm conditions, and when the air-
crafl was flown on the 1nstrument display in fairly turbulent conditions
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the pilot complained that the needle movements were tco evratic, The degree
of damping (c in the control law) was accordingly reduced to the pilot's
satisfaction. The motion of the helicopter was subsequently found to have
a time of osclllation of from 4 to 5 seconds and to be about 0,5 of
critically damped,

The tests in hovering with the angular acceleration term added were
less satisfactory from the pilot's point of view, The needle appeared too
sensitive, and was diffacult to zerc for an overall response similar to that
obtained without the extra term, It had been thought previously that the
addition of such a term would be helpful in reducing the effect of lags in
the system, due to the pilot's reaction time, and the relatively low
natural frequency of the display instrument (2 cycles per sec. ),

Iwo features unconnected with the general principle of the instrument
but nevertheless important for future development came to light., The first
was that the time constant of the "leaky integrator" (15 seconds) was
sufficiently large to cause large errors during quite low rates of turn. In
effect the rate of pitch occurring in a steady turn was integrated, and the
needle tended to rise off the scale, Secondly trimming the zero reader for
each new speed with the knob provided was not easily accemplished, and
occupled too much of the pilot's attention,

The results of the preliminary tests may be summarised as follows,
The principle of indicating to the pilot the stick mcvement necessary to
stabilize the helicopter visually on a zero reader type of display was shown
to be sound, and enabled the pilot to fly at any speed without undue
concentration, A control law containing fuselage angle and rate appeared
adequate to stabilize the helicopter, It was therefore decided to
incorporate a similar system using information obtained about the roll axis
in addition tc that of pitch on an orthodox zero reader indicator. It was
further proposed to incorporate improvements in the t{rimming arrangements,
and to record the stick movements and response of the helicopter.

4 Later development

In order to keep the system flexible for experimental purposes, and to
avoid the turning error, it was decided to obtain the parameters in the
control laws independently.  Attitude and angle of bank were obtained from
an artificial horizon with potentiometer outputs for pitch and roll. Rate
of pitch and roll were obtained separately from two angular rate gyros.
Lateral and longitudinal stick positions were obtained from potentiometers
in the control circuits, The signals, variable over a wide renge, were
mixed in magnetic amplifiers, and the output from the pitch axis fed to the
horizontal bar of the standard zero reader type of display, and that from
the roll axis wes fed to the wvertical bar, The sense of the bar movement
is shown in Fig, 1b, and a block diagram of the system in Fig, 1c.

AdJustment of the longitudinal and lateral zeros to swt any flight
condition was effected vy motor driven potentiometers controlled by a four
position switch on the control column, Holding the button forward raised
the horizontal bar progressively thus requiring a forward stick movement to
zero, Simalarly holding the button back, left and right required back,
left and right stick movements respesctively to maintain zero. The setting
of the potenticmeter brushes was indicated on twe voltmeters placed near to
the zero reader on the pilot's instrument panel. The lateral trimming
arrangement was later modrfied as dlscussed in section 8.2,

Lateral and longitudinal stick position, rate of pitch and roll
obtained from independent angular rate gyros were recorded using an A22 type
recorder,



The "two-stage amber" system was used to restrict the pilot's external
vision when instrument flying,

L

5 Description of flight tests

Tests to evaluate the response of the helicopter were made in two wayas,
The first method was that described in section 2 where recovery was made
from a nose up disturbance by zeroing the instrument. Recoveries from
lateral disturbances were effected in & similar manner, The second method
used was to fly at about 30 kts, adjust the longitudinal trimmer for an
increase of about 30 kts, and then to re-zero the instrument using the
control column., During all the recordings made an event marker was operated

by an observer when the instrument was considered to be zeroved, A wide range
of contrcl constants was assessed,

General instrument flying was done with varicus control law constants
in varying weather conditions, Extracts from pilots! reperts are given in
the appendix,

) Results and discussion of response tests

6.1 Longitudinal tests

Before discussing the results of the response tests, the following
points should be emphasised, Firstly, the control laws quoted are those
which would exist if the instrument had no lag and was exactly zerced by the
pilot, In practice these conditiong camnot be completely realised, and the
event marker mentioned in the previous section was in fact operated when in
the observer's opimcon the instrument was reasonably well zeroed, OSecondly,
for practical reasons the wvalues of the control constants quoted were
obtained from static ground calibrations, but the error involved is thought
to be amall at the freguencies ccncerned,

Typical records with identical stick gearing and various values of
damping are given in Fig, 2(a, b and ¢), Records 2(a) and (b) are of the
type in which a speed changs of 30 to 60 kts was made. It will be seen
from record (a) that with stick application proportional to attitude only,
the motion is oscillatory, and only slightly damped with a period of oscilla-
tion of about 4 secs. The addition of the rate of pitch tem (8) increases
the damping of the oscillation to about 0.4 of critical, and slightly
increases the pericd of oscillation, Although not apparent from the record,
it was about one minute before the new trim speed was reached, Record (c)
shows a recovery from a pitch up near hovering with a further increased
term, end the motion appears to be about critically damped.

In Pig, 3(a, b) are shown two records in which the sticlk gearing has
been reduced i.,e, a smaller stick movement being required for a given move-
ment of the display pointer, They show recoveries from pitch ups near
hovering, It will be seen (Fig. 3a) that without the § the motion is
oscillatory and only slightly damped, with the period of oscillation about
7 secs, The addition of the large 8 temm (Fig, 3b) makes the motion more
than eritically damped,

In Fig, 4(a, b) the stick gearing has been still further reduced, and
with the large 8 temms the recoveries from pitch ups in hoverang are more
than critically damped,

It is interestang to compare the recoverres shown previously with those
made by reference to the ground as in nomal ground contact flying. Two such
records are shown in Fig, 5(a, b), made in or near hovering flight, at about
500 £+t above the ground, It wvill be seen that the motion is somewhat less
than critically damped wrth a period of 3 to 4 secs.
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6,2 lLateral testgs

The lateral response tests were less extensive than the longitudinal,
mainly because of the limited time available, and also because in general
the lateral characteristics in forward flight are better than the
longitudinal, Throughout the range of control laws tested the motion was
more than critically demped, and a typical record is given in Fig. 6. The
reccrd shows a reccvery from a lateral disturbance at low forward gpeed.

7 Choice of control laws

s Longitudinal motion

It is useful to examine the stability of the helicopter with this type
of control law assuming no lag of any kind, If two degrees cf freedom only
are assumed the characteristic equation for the longitudinal motion using
the standard helicopter notation is:-

(5] o{-pu-0- i
- Bl + - My - B « abMp L
Mg A 2 a Ly By g

+?L[XuM - WM, ab ~ aly ".é'. ablp xuj

1

e
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where the control law is given by:-

ABy = a(e + be) .

With the values of & and b used during the tests, only the over-
lined portions in the brackets need be considered at low speeds, To a
good approximation the factors are given by :

() Y (I
M2

1 abM
By
r

1}

2B

Usin:: estimated derivetives for the Dragonfly and the control law

4B, = 0,8 G + 0,86)
we obtaini~
A = ~0,035 r=-1.3

and the period of oscillation 5.5 secs,
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If we now consider the response of the helicopter to an impulsive force
XU, and moment M, U, which may be said to result from a horizontal gust we
have numerically:-

T = -0,0345 Uge 0*0P%% 4 y e™13% (0,00628 sin 1,14t + 0,0058 cos 1.14%)
and

8 = 0,002150_e"0+035% , g o713 (0.165 sin 1,14t - 0,00215 cos 1,14t)
(degrees).

An examination of these figures shows that such a gust mainly excites
the heavily damped oscillatory motion in pitch, but not the poorly damped
subsidence., However in translation the reverse occurs, but the coefficient
in the subsidence term is small and calculations show that a gust which
causes a maxinum change in attitude of 5° causes a maximum chenge in speed
of only 3.5 ft/sec, During the tests changes in attitude of 5° due to gusts
were not encountered even during gquite severe turbulence, from wnich we may
conclude that the poor damping of the subgsidence 1s of little practical
importance,

The choice of control law cannot be decided cn the response records
alone, since they do not indicate the degree of difficulty experienced by the
pilot in satisfying the control law i,e. in zercing the instrument, From
general instrument flying several conclusions were reached. The pilot said
that the horizontal bar was becoming "too sensitive" when flying in turbulent
conditions as the rate of pitch term was increased to give a bar movement of
about 0,1" per degree per second. Also the pilot did not like too small a
stick movement for a given bar movement, and experience showed that at a
gearing of about 0,18" per degree cyclic pitch i.e. 0,18" per 2" stick move-
ment, the bar was becoming too sensitive. However the figures for stick
sensitivity are not so definite as those for rate of pitch. No limit was
found to the sensitivity of the angle of pitch term over the range tested,
The maximum sensitivity available was a bar movement of 0.13" for 1° change
of patch,

Within the limits mentioned above it was found that a wide range of
constants were satisfactory in providing stabilization, and it was difficul
to find optimum values. The pilot tended to get used to one control law
and any change tended at first to be an adverse one, Scme,of the initial
instrument f£lying was done with the law AB, = OJk (6 + 1.76) (see Pig. 3b)
and the scale such that:-

, = 1159
29° }
17%/ see

© 5

or = 1.35" bar movement.

or &

Later the contribution ¢f the attitude term was increased giving the control
law 8B, = 0,8 (6 + 0,80) and the scale such that:-

AB1 - 11.50
or & = 14, 4° 2 1.3%5" bar movement,
or 8 = 180/560

The final and mejor part of the tests were made with this setting,
and the discussion which follows in section 8 and the appendix refers to this

setting.



Ta2 Lateral moction

As mentioned previcusly the lateral tests were less extensive than the
longitudinal, It was found that as with the longitudinal response the
values of the control constants were not critical, One conclusion was
reached however, From instrument flying in turbulent condations, the pilot
said that the vertical bar was becoming too sensitive as a sensitivaity of
about 0,1" bar movement per 4,5 per second was exceeded,

The control law finally adopted and with which the majority of the
instrument flying was done was &4, = 0,27 (¢ + 0,479} and the scale such
that -

Ap, = g°
or ¢ = 34° ] = 1,35" bar movement,
or § = 70%sec

With this control law the lateral motion was more than critically
damped,

8 Instrument flight technique

841 Longitudinal control

As mentioned in section L4, the adjustment of the datum of the
horizontal bar was effected by a motor-driven potentiometer controlled by a
switch on the control colum, The setting of the potentiometer brush was
indicated on a voltmeter on the pilot's instrument panel. A plot of this
longitudinal trim reading against airspeed measured in level flight is given
in Fig, 7a, This curve ig made up of a combination of stick position end

attitude to trim, and was found to be wvery useful in indicating to the pilot
the setting required for any particular speed, Eventually this voltmeter
wag graduated directly in kmots, In no sense did this reading replace the
airspeed indicator as a measure of speed, but merely indicated the correct
zero to obtain that speed., The calibration is a function of C,G. position
rotor gpeed, and flight path, However the effect of change in stick
position and change in attitude that result from a change in C.G. position
tend to cancel one another, Also the attitude >f the fuselage is largely
independent of flight path, and the result is that at constant rotor speed
the calibration is substantially correct over the renge 500 ft/min rate of
descent to 500 ft/min rate of climb,

In order to changs speed on the zero reader alone, the trimmer was
first adjusted to the new speed, and the bar then zeroed, The helicopter
took about a minute to change speed from 20-40 kts and half a minute from
60-80 kts. These times may be too long for some applications, and it
should be remembered that in manoeuvres made under visual contact conditions
the amount of stick used 1s several times that required to trim at the new
speed, Quicker changes in speed were therefore effected by adjusting the
trimmer as before but using stick movements greater than that demanded by
the instrument, and zeroing as the desired speed indicated on the A,S.I, was
approached,

This additional facility, discussed above, of indicating the trim
required for any forward speed, is not a necessity of the system, but 1t
did appear to teke away much of the anxiety and uncertainty nomally
experienced in helicopter instrument flight, in that having selected a
particular speed, the pilot kmew he would eventually stalnlize at or near
ite This facility was particularly useful in turbulent conditions when
there was some difficulty in obtaining trim with reference to the A.S,T,

alone,



The problem of flight at low airspeed is much reduced using the zero
reader, since intrinsieally stabilization 1s with respect to fuselage
attitude, and the ability to achieve 1t 1s largely independent of forward
speed. Thus hovering and low airspeeds present no greater difficulty than
any other flight condition, apart from the greater concentration on collective
pitch and throttle needed under these conditions, Steep descents at air-
speeds at and below 20 kts were accomplished quite easily, It should be
emphasised here that during flight at low airspeeds as for example on an
épproach to land, it seems more advantageous to maintain a constant attitude
1n turbulent conditicns than to try and follow the fluctuations of the A,S.I,

842 Lateral control

Basically the lateral control i,e, the ability to maintain the desired
lateral level, was satisfactory but some difficulty was experienced in
obtaining the correct datum with the lateral trimming device at first
available., This was described in section 4 and was similar to that used
for longitudinal trimming, The lateral stick position to trim measured
during straight and level flight is given in Fig, 7b, The change in stick
position with forward speed cannot be used to advantage as in the longi-
tudinal case. The pilot considered that too much of his attention was
occupied in obtaining a correct lateral trim after speed changes particularly
in turbulent conditions,

The lateral trimming system was therefore changed to one in which by
pressing a button on the control column, a small follow up motor zeroed the
output signal from the lateral stick potentiometer, The motor used was one
whose speed was proportional to the applied voltage , and with button pressed
the stick signal was nulled exponentially with a time constant of about
4 seconds. In order to obtain a correct datum the pilot pressed the button
and flew the helicopter with the vertical bar zerced ("wings level®) for
several seconds, The button was then released and the lateral datum was
established from that instant.

This latter system greatly reduced the concentration required to
obtain lateral trim, and was used for the remainder of the tests.

Although not tried specifically during the tests, it has since been
thought that a transient stick signal of time constant about four geconds
would be adequate to provide lateral stability thus obviating the neced for
any manually operated trimming device., This would be equivalent to flying
with the button permanently pressed in the present system,

Left and right turns were accomplished by keeping the wertical bar
permanently displaced to left or right of zero, In this way a tum was
regarded as an error from straight flight. If thc horizontal bar was kept
zeroed during the turn, there was an increase in speed (from the trimmed
speed) during a turn to the right, and a decrease during a turn to the left,
The decrease in speed when turning left is pot fully understood as
theoretically an increase in speed during both left and right tums was
expected when made with the horizontal bar zeroed, Possible reasons for
the discrepancy are turming exrrors in the artificial horizon unit used,
and misalignment of the rell and pitch control column potentiometers with
the true rolling and pitching axes of the rotor, This tendency to change
speed was not disconcerting to the pilot, who made allcwance l,e, he flew
with the horizontal bar raised slightly during twrms to the right, and
lowered during turns to the left,

8.3 Directional control

Maintaining a constant heading by zero reader alone wag not entirely
satisfactory, This is because no direct heading term was incorporated in



the display, and at the comparatively low speeds of the helicopter rate of
turn is very sensitive to angle of bank, and large changes in heading may
pass unnoticed.

The problem was reduced when reference was alsc made to the direction
indicator although this was some distance away from the zero reader on the
instrument panel, However directional control was less satisfactory than
control about the other two axes.

9 Conclusions and future development

Flight tests made on a Dragonfly helicopter show that the principle
of indicating wvisuelly the stick movements required to stabilize the
helicopter on a zero reader type of display is sound, and ene that is
generally liked by the pilot,

The law used for longitudinal control for the majority of the tests
wag -

AB, = 0.8 (¢ + 0.80)

and this was satisfied when the horizontal bar of the zero reader was zerved.
Control was satisfactory over a wide range of constants, but it is thought
that the values quoted above are somewhere near the ~ptimm for this
helicopter,

The law used for lateral control was:-
AL, = 0,27 (9 + 0.479)

and this was satisfied when the vertical bar was zerved, Again control was
satisfactory over a wide range of constants, and the values given are thought
to be near the optimum for this helicopter.

Using this system instrument flying required less concentration than
when using the standard blind flying panel. MNuch of the uncertainty
nomally experienced is removed because the pilot always knows the precise
stick movement to make, Speed holding at low alrspeeds and steep approaches
was no more difficult than at any other speed, although greater concentration
on collective pitch and throttle was required.

Direction holding on the zexo reader alone was not entirely satisfactory
mainly because of the high rates of turn associated with small angles of bank
particularly at the lower airspeeds,

It is considersd that this system is capable of being éevelcoped to show
a distinet improvement over existing blind flying instrumentation based
largely on the orthodox artificial horizon, Described below are several
features which it is thought would improve the instrument.

The lateral control column signal could be a trensient one with a time
constant of say four or five seconds which would be sufficiently long_to
confer stability and thus obviate the need for a lateral trimming device,

A direct indication of heading (or heading error) should be available
in or near the zero reader display, One solution would be to have a course
selector the error signal from which could be fed to the vertical bar in
addition to existing signals as in existing flight director systems. One
possible disadvantage of this would be that the vertiocal needle would then
cease to indicate a true angle of bank, and a cross reference with the
artificial horizon would be required to obtain a knowledge of this quantity.

- 11 -



Also as mentioned previcusly, rate of turn 1s very sensitive to angle of bank
particularly at low speeds, and this feature might i1ntroduce additional diffi-
culties, Altermatively an indication of course error might be given on a
separate needle immediately below the zero reader (Fig, 8a).

It was not the purpose of the present tests to produce actual equipment
for blind flying, and the method of obtaining the required signals although
producing flexibility for experimental purposes wasg clumsy, An alterative
method using the artificial horizon was a basis, 18 shown in Figs. 8b and c.
The rate signals are cbtained by differentiating the pitch and roll signals.
All signals are mixed in a hypothetical zero reader having twan coils per
axis, each movement having the sensitiwvity of the present instrument. It
will be seen that such & scheme requires a relatively small amount cof equip~
ment extra to that already used in the standard panel,
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APPEIDIX

Pilots! assessment of system

Approximately 22 hours development flying were done on the zero reader
installation by Lt. Cdr, R.A, Thurstan, R.N.,, and a further 4 hours were
flown in assessment by five other pilots from the Royal Navy, Puvyal Air
Force and British FEurcpean Airways, The total instrument flying with the
two-stage amber equipment was eabout 5 hours,

Extracts from pilots' reports

Lt, Cdr, Thurstan, R,N,, who did the development flying was naturally
able to give a more detailed report than other pilots and his comments are
given first in each section below,

General comments

"Helicopter instrument flying with the zero reader has been readily
accomplished in all flight conditions from 20-80 kts (N.B. 20 kts was the
lowest airspeed reliably indicated on the A,S,I.) and with further develep-
ment the instrument appears to go far towards solving many instrument flight
problems",

"After only 40 minutes I was quite at home with the system, and quite
happy to go into cloud and fly the aircraft on the zero reader. Considering
that the instruments used are existing instruments adapted for this proto-
type system one cannot but feel enthusiastic as to what could be achieved
with instruments specially made for the finalised version of the system",

"In flight some difficulty was at first experienced with the presenta-
tion which is of opposite sense to the nommal Flight Director, I.L.S, and
artificial horizon indicators, In the sgystem as flown the stick is used
to "fly" the pointers to the centre of the instrument, Difficulty was
experienced in meintaining a heading on zero reader alcne, In spite of the
above mentioned shortcomings, the system, in the short time 1t was flown
eased the problem of instrument f£light over the flight region examined™,

"We were particularly impressed by the ease with which recovery could
be made from disturbed states using the instrument, and with the steadiness
of approaches at low airspeeds, I consider that instrument flight was more
accurate and less strenuous than with normal instruments. We think
however that the presentation should conform with the presentation on
artificial horizon and existing flight directions where the fixed datum is
flown back to the moveable bar",

"At slow speeds and level flight at 20 kts the information was good,
and I thought the helicopter was easier to control in this condition by
reference to the zero reader than by visual reference,

The most noticeable weskness in flight is the long time taken to
change pitch attitude on zero reader alone after selecting a new airspeed,
For practical use in instrument epproaches a modification is needed which
will alt]'.ow 2 newly selected gpeed to be achieved more rapidly than at
present",

Longitudinal control

"Straight and level flight was easy to maintain in calm and turbulent
conditions, The damping of the bar (rate of pltch contrabution) was
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considered satisfactory for use in turbulent conditions, and sensitive enough
in calm condations.

The sgpeed selected was maintained at about 5 kts indicated on the
A,8,I. in fairly turbulent conditions,

When a new speed is selected by the trimmer, and the discrepancy
between the horizontal bar and the datum is zeroed, the speed takes some
time to stabilize e.g, reducing speed from 40 to 25 kts takes up to 45 secs,
This feature is not necessarily a disadvantage, since in the low speed range
considerable changes in power occur, and a steady transition can only be
achieved 1f the new flight condition ic approached slowly, The penalty of
rapid transition to low speed flight may well be a rate of descent, which
induces a wortex ring state with its consequent loss of control, Quicker
changes of speed may be made by using larger stick movements than zero the
bar and effecting zero as the desired speed is approached, With regard to
flight at low airspeeds an accurate means of indicating airspeed and rate of
descent is highly desirable, The present A,S5,I, was useless below 20 kts
and the rate of descent meter needle seemed unreliable and fluctuated badly.

During turns there is an error in the pitch zerc datum. The result
of the error is to cause a slight dive when turmaing to starboard, and a
climb when turning to port if the horizontal ber is maintained at zero, By
positioning the bar slightly above or below the zero position to suit the
direction of turn, the pitching error can be anticipated, and the speed
maintained constant, It is thought however that this error should be
eliminated or compensated so that zero can be maintained on the horizontal
bar during a turn",

Lateral control

"A lateral level in straight flight can be easily maintained with
reference to the zero reader alone, The lateral zerc button has proved to
be an effective method of obtaiming a valid lateral zerc with speed change
but a fully automatic method of maintaining the correct zero datum is
M ghly desirable”,

"The present requirement for zercing the lateral indicator bar is a
nuisance, and if this could be achieved automatically it would be a great
help to the pilet (this is not difficult with the existing system but it is
one more thing to worry a'bo-u—ty .

The lateral bar should be damped sufficiently so that in turbulent
weather a pilot is not meking wmecessary lateral stick movements",

Directional control

"Maintaining course on zero reader alone is not satisfactory, particu-
laxly at the lower speeds, where large rates of turn may result from small
errors in zeroing the lateral bar".

"A yaw 1ndicator, or direction indicator should be positioned close to
the zerc reader, preferably immediately below, This would obwvaate the
tendency to wander off course as happens with the existing layout because
the direction indicator is so remote from the zero reader,"”
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