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THE LONGITUDINAL CONTROL OF «X " AERCGPLANES.

By H. GLAUERT of tho R AE.

Presented by CONTROLLER, Technical Dept., Aireraft Production.
January, 1919.

SumMaRY.—(a) Reasons for enquivy.—The behaviour of the original
type of ** X " aeroplane was found to be very unsatisfactory when looping
or diving at high speed. It was desired to find the cause of the unpieasant
characteristics and to test such modifications as wonld vender the acroplane
more suitable for flying. The Report of the Accidents Committee on the
same aeroplanes is contained in R. & M. 629,

(b) Kange of investigation.—An original type of * X’ aeroplane and
three modified types have been tested, the experiments consisting of the
measurement of the force on the control column at all speeds up to

100 m.p.h., both with engine on and gliding. Lach type was tested with
different tail-settings.

(c) Results and conctusions.—The best type of modification was obtained
by cutting down the chord of the wings from 6 ft. 4 ins. to 6 ft. The wing
section was then of an ordinary type instead of the high lift type previonsly
used.  The top plane was also given a certain amount of back stagger, and
the elevator chord was considerably reduced.

1. Nature of investigation.—The behaviour of the original
type of “ X 7" aeroplane was very unsatisfactory at high speeds,
as it was very difticult for the pilot to pall the aeroplane ont of
a steep dive.  In addition the aeroplane frequently showed a
tendency to hang on its back at the top of a loop. The reports
received from different prlot< showed a certaimn divergence of
opinion. Al were agreed that it was very dificult to pull the
acroplane out of a dive at 100 m.p.h. with: engie on, and that
this difficulty disappeared as soon as the engine was switched off.
Agregards the behaviour in a loop the reports differed considerably.
Nome pilots found no diffienlty in performing this manceuvre,
but others found that the ‘wlopluno hung on the top of the loop
and began to glide on its back. This behaviour appeared to be
independent of the position of the throttle and the elevator control
seemed to be incapable of restoring the acroplane to its proper
position. In each case, however, recovery was effected by altering
the position of the throttle,

Examination of these reports led to the conclusion thai the
“* X" was very unstable longitudimally and had a stable trimming
attitude on its back.  Preliminary caleuiations showed that the
puil on the control column =t high spevds was very considerable
and that this wonld account for the diffienlty v\pvncmcd in
pulling the acroplane out of a steep dive. No appreciable differenee
was found in the control forces on fuil throttle or ghiding, and the
greater case of pulling out of a dive with the engine switched of?
appeared to be due to the increase of inciderce and deercase of
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forward speed swhen the thrust of the airscrew was reduced. In
the same way, any change in the position of the throttle when
the aeroplane was gliding on its back would provide an impulsive
rotation which would enable the pilot to restore the acroplane
to a level keel.

It was decided to test the control forecs of an “ X ” aeroplane
to determine their magnitude and to obtain such modifications
to the type as would obviate or reduee the difficulties experienced
on a dive or loop.

2. Range of investigation.—Four different types of the “ X
aeroplane have been tested, varying in wing section, stagger and
size of elevators. Eaeh type was also tested with different tail
settings so as to pbtain the best arrangement i each ease. Full
details of the acroplanes are given in Table 1, the principal charac-
teristics being as follows :—

(1) X, 9 (original) was first tested as a standard “X "
aeroplane wi'h high lift wing section and large elevators.

(2) X. 9 (modificd) differed from the standard type, having
4° back stagger and smaller elevators.

(3) X. 10 was fitted with a normal wing section in place
of the standard higlt lift type. This was carried out by
cutting off the front 4 ins. of the standard wing section.
Small ehord elevators were fitted and the top plane was
back staggered about 11°.

(4) X. I was identical with X. 10 except that the
baek stagger was inereased to 41°. This acroplane was
also fitted with an adjustable spring on the lever of the
eontrol colnmn.

The different types of wing arrangement are shown in figures
I to 4, and the position of the eentre of gravity of the acroplane
with frdl load is also shown in each case.

3. Methol of experiment.~-The method of experiment was to
fly the acroplane steadily at varions speeds, both with engine oy
and gliding, and to note for eacl speed the force required on the
control eolumn and the position in whieh the clevators were held.
T the experiments with engine on, the engine was on full throttle
at speeds below 90 mop h. and throttled to 1,800 r p.m. approxi-
mately for lugher speeds. The force was measured by means of
a spring and dial on the top of the contrel colummn and the elevator
angle by mcans of a <liding rod and scale at the side of the pilot's
cockpit. XU 9and XU 10 were tested with different tail settings,
and X, 1T with the adjastable spring in three different positions.
The modificd X, 9 wis tested both with and without a passenger.
The resnlts of all the tests are given in Tables 2 to 6. and Figs. 5
to 13 The foree on the control colunin and the elevator angle
are plotted againet the inverse square of the indicated airspeed
(10 V.2 which ¢ives approximately a measure of the attitude of
the acroplane. A scale of airapeed is also given on eaeh figure.

D4387) W 368104, 1225, 4/20. Op. 82,
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4. Original X, 0 (Table, 9, Mg, 5)—-X. -0, in its originul
form was an early “ X 7’ aeropla.no and the £o1m of the force eurve
i byplcul of an norop]mm vyhlch is Ionm’mdmally xmetahlc owing
to its centre of gravity bemg,too tar back (cf. Roport R. & M. 470,
g, 11, tail setting 2°-5). The results with engine on and g ghdmg
show no difference above 50 m.p.h., the clcvator angles are small,
tho aecroplane is in nnstable’ trlm at 50 'm.p.h. and. thorc are
indicdtions that the acroplano would have a stable tnmmmg Qpeed
in the neighbourkood of ‘or beyond 'the crifical anglc engine on.

" the pull increases rapidly with speed and would reach a maximum
at or near the terminal veloc1ty of the aoroplano The results of
report R. & M. 470 indicate that the aeroplane would have another
«tublo trimming attitudé at'a negative angle of incidérice, 7.e., on

s back, and this fact has' been eqtabhqhod by tho bohn,vmur of
“ \ " noroplaneq on various occasions. ' - G

TFrom the results shown in Fig. 11 of report R. & M 470 1t was
anticipated that it would be poqs1ble to improve the hehaviour
of the acroplane by 1educmfr the tall setting and by fitting an
clastic to exert a forward foree (i:e;;n'push) on the control solumn.
By altering the tail setting about 4° it. was Hoped to make the
unstable trlmmm" attitude-occur beyond the attitude of no lift.
The aeroplane would then be out -of trim. and tail heavy in all
normal flying. attitudes; but the-addition of the. clastic would
hring the trim back to rea.sona,ble specd.iwithout involving large
forces at high speed. These modifications: were therefore made,
the tail- qettmu b( ing reduced from 2°:6 to — 0”8 and an elastlc
(itted to O\ert a force of & Ihs. The effect of the chanoe of tail-
setting was only half ’che evpected wmount S0 that a pull wos
still roqmrod at high speeds and the olastlc was, qtronger than
necessary.  The ohnngc was a considerable im 1ovement and by
v oducmo the pull of tho' elastic' to 4 1bs., the force’ rennlred‘ oh the
controls would hot have exXcéeded' 8'1bs. for a speed up 6790 m'p.k.
This simple modification’réduced’ the' foroos on thc staﬁdard type
to hmlf their ‘original AR

®. 5. Modif ed X. 0 (I’ables 3 4 ngs 5. 8) After modAﬁcatlon
X. 9 differed from the standard type in. two wavs, the top
pl-me had been moved back about’. 10 inches and the chord of
the elevators reduced fre om: 30 to 17 1nches ‘The ﬁrst mod.lﬁca’clon
should he equivalent to. movlng ‘the centre of gmwty forwaras
and so make the aeropla.ne less unqta.ble ]ongltudmally ‘The

second modification, sh ould roduce the force on the ‘control oo}umn
by reducing the moment a.bout thezhingo of . the elevatms., In
this, oonfhtlon the aerop]ane was, tesfed both’ thh and wlthout
passenger and with two taﬂ-qettmgs in cach  case, 'Ullb m dlﬁed
type wag no improvement, on the standard form the, forceq were
slightly greater and the ae,roplane 18, no.more qtablo Thls eﬂect
must ‘be- ascrlbeu to the chtmge of thq centrc of pressure. due to

the change in stagger of t;he ngs. 'I'ho eﬁect ot the ohango of

tail-sotting was very smalls o U0 TN ST i

Pt NS 3 o B AT 50 S L P SRR . A AT Pt

peST AVAILABLE COPY
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6. X. 10 (Tatle 5, Figs. 10, 11).—X. 10 had a normal type
of wing section, a small amount of back stagger, and small ehord
elevators, This type was the most satisfactory of those tested.
With a tail-setting of -~ 2° the forces only varied from a pull of
5 Ihs. at low speed gliding to a push of 4 lbs. at 100 m.p.h. with
engine on. The aeroplane was jnst stable longitudinally. The
reduction of the wing ehord was egnivalent to nioving the centre
of gravity forwars 4 ins. and also increased the relative area of
the tail plane. Both these changes serve to improve the longi-
tudinal stability of the acroplanc.

7. X011 (Table 6, Figs. 12, 13).—X. 11 was fitted with an
adjnstable spring on the lever of the control cohnmn which conkl
take up part of the foree on the pilot’s hand. The effect of moving
this control from one end cof its range of movement to the other
end was to change the force on the control cohmmmn 7 ths,  Qther-
wise the acroplare differed from X. 10 only in the stagger, which
was 3° more negative. The results obtained showed that the
acroplane was shghtly unstable, so that the movemeat of the
centre of pressure due to the change of stagger was greater than
the corresponding equivalent change in the position of the centre
of gravity.

8. Analysis of results.—'The measurements obtained do not
lend themselves to acenrate analysis as the elevator angles are
only obtained to the ncarest degree and the determination of
the force is very diffienlt on an nnstable acroplane.  Ap attenipt
has, however, been made to obtain some idea of the characteristies
of the tail planes. The lift of the tail plane ix

b eS'V?
where 77; may be written in the form Ao - By,

Alko the moment #bout the hinge of the elevators is

V2
/."..,(.\\

R

where ky==('2" 1 Doy,

I these tormube 87 is the area of the whole tail plane, S| that of
the elevators and ¢, the chord of the clevators,

At constant attitude or constant wirspecd we dedues the
equations

.'\ AI)
B Al
A ) A o
K all ) -
& ( B] 5l c, NE Ar, V2

where <, is the tail-setting, F the force on the control eohimm,
and » the hinge moment corresponding to 11, pull on the control
colman.

The data available were analysed on these lines, ignoring
observations which anpeared to be largely in erorr. For the Large

Bi587 [
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clevators (43 per cent.) on the original X. 9 the value deduced

for ¢ was 0-0022,

tollowing results were obtained.

For the smaller elevators (31 per cent.) the

A/B. e
Aeroplane. ' B T B
Engine on. l Gliding. ; Engine on. Ghding.
N. 9. With passenger 1-31 1-56 0-0055 | 0-0032
Without  pas- | |
senger 1-65 ; 1-48 0-0053 0-0025
N. 1o 1-68 1-77 0-0128 | 0-0071
Mean ... 1-57 0-1064

These values are compared with the corresponding constants
of a series of tail planes and elevators tested on R.E. 8 (Report
R. & M. 409)in Fig. 29 The values found for C’ fit in reasonably
with the previous experiments, but the value of A B i1s less
satisfactory. This value depends on the elevator angles and these
measurements are the least satisfactory part of the experiment.

9. Conclusions. ~The series of results obtained shows the diffi-
culty of correcting the instability of an aeroplanc by merely
moving back the top plane. as the change in position of the centre
of pressare may at times nentralise the effective movement of
the centre of gravity.  Considerable improvement can, however,
he obtained by decreasing the tail-setting and adding an clastic
to the control colummn to bring the acroplane back into trim at a
reasonable xpeed. This form of modification can eastly he applied
aned will overcome the difficulty of the large pull which may be
reaquired when diving an unstable acroplane.

TasLE 1.
DETAILS OF AEROPLANES.

Original Modified

Aeroplane, N o X, o, X. 10, X. 1L
\Winyg section Thgh hft  1hgh iift © Nonnal Normal
Area, s ft 429 429 07 407
Chord, ins, 76 76 72 i
itudder chord, s, 30 30 : UL 24
Flevator areq, sq. fu. 26 1¢ 16 16
chord, ins. 30 17 17 17
Angle of wing chord to !
engine bearers 4°-1 4°-1 6 -2 6 -1
Stagper, degs. b 3°.7 4°-0 1 -6 {7
., ins o 0-6 - 102 | 9-8 13-6
Elevator  hinge moment
for 1 lb. on control | i !
columao (1bs /ft.) 1-8 15 13 1-5
{

{




7

The following measurements were the same for all the aeroplanes :—

Span of main planes ... ... 361t
Gap ... 6t
Tail plane, span... L 12

. chord 3 ft.

" area ... o ... 35sq. ft.

The measurement of the stagger is given in two ways—(1) the angle
between the line joining the leading edges of the wings and the normal
to the chord, (2) the distance the leading edge of the top plane projects
in front of that of the bottom plane, when the engine bearers are horizontal

TABLE 2.

EXPERIMENTS ON ORIGINAL X. 9.

Engine on. | Gliding.

. | Air. N | v _ I'
Condition, ' speed | Pull on .
(“‘{;'h- )- (1;:,]1":0!; (L — (1,‘01111'0! P‘K’r‘\"}l{:r
' Column (1bs.). Angle (ideogs.). (}?L\éf?‘n l(l(‘;;. ).
Tail-setting, 33 -6 -5 5 4 = o
+ 2°-6. 40 -4 =7 3F 4 0 — 3 —
50 ¢+ 0 0 i 2 3 —_ 0 - 3
60 6 3 ! } 2 5 4 2
70 10 9 i O -1 ' — 10 ‘' — =1
80 154 16 -3 -4 15 — | R
90 21— bl — 20 18 -1 — 1%
100 — — - = 20 — -1} —
103 —_— - = — 85 — — 1}
105 — e — - 27 — -1} —
Tail-setting 35 1 I
— -8, clas- 40 1
tic on control 43 3
column. 50 5 - -
55 o —
60 7 -
70 9 - =
80 10 5 Y
100 15
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TaBLE 3.

EXPERIMENTS ON MODIFIED X. 9 WITH
PASSENGER.

l Engiue on. Gliding.
|
An‘- ‘ AT T _'
Condition, e Pull
( ("‘ -P- ]' | E“Ht 0'} Elevator : (,‘:m ::)(Ir: EK:;}:T
Jontro .
| 1 Column (1bs.). | ‘Angle (dags-). f ((';:;l";" (degs.).
Tail-setting P40 1 3 4 &8 4 4 4 4 )
+ 2°.3, bS50 7 8} 91 1} 1} 1} 7 1
1 60 112 13 13 } 4 3 12 -11
|70 16 16} 16 |-2 -2 —1}L 17 g
80 . — 20 20 ~2 -2 2] oy
L9 — 25 26 — -2 -2 27° —3
100 — 36 34 — -2 -2 83 -3}
- | ! e
f }
Tail-setting 40 4 5 2 4
+ 0°-7. 50 6 4 7 3
60 | 10 3 10 2
70 12 1 15 -3
80 l 18 1 21 -14
o |2 1 27 51
1100 ! 27 - 4 — -
TABLE 4.
EXPERIMENTS ON MODIFIED X. 9 WITHOUT
PASSENGER.
I | _ I S
Eugine on, | Gliding.
Air -
Conditica, speed R ! Pull on q
lanp. ). (1(‘;““‘:‘(:" ' Flevator Control h!{-l\l"::ll:r
Coluiun (1hw. ). Al N ). L(L;::TI;." |d--;_v:.).
Tail-setting 10 3 1 14 11 0 3 1L1 N 2
270, 50 i 4 i i SIS o1
60 10 10 1 16 i
70 15 15 -1y -2 12 el
§0 19 18 11 2 15 24y
90 22 20 3 - I8 Sh
100 23 = 24 —+4
Tarl-setting 10 6}l 2 5%
- 03 50 3 43 S 3
60 7 33 N 2
70 4 1} 1o 1}
80 11 1 12 [}
90 15 i 15 1}
100 18 1 20 v
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Fig: 5
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FIG: 6.
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MODIFIED HEROPLANE X.9.
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Fig: |4
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TABLE 5.

EXPERIMENTS ON X. 10.

Engine on. Guiding,
Air- — : -
Condition. spee »
hk n:!;;l:!)- (};“" or: Elevator E :‘t‘)lll\lt:(lr‘l ]ﬂl\e\'alt s
Coluamn (g, | Angle (ders). (",‘;L‘:')‘_“ k.
e 3 §
Tail-setting a0 2 | ! — =
—1°-0. 15 . ' - 6 43
50 4 | 61 41 5
60 3 5 6 54
70 5 5 7 51
80 7 | 5 38 5
90 8 | 41 10 5
100 8 41 11 13
e s e
Tail-setting 10 1 ‘ 9l @ — -
— 2°-1. 46 = | 3 A1
50 T 9 3 7k
G0 -1y 8} 4 7
70 il 7 24 %
80 2 7 1 i
90 2 7 e 7
100 4 7 14 7
Tail-setting 40 3 = 1R
— 440, 13 : ~ 23 51
30 i S0 11 a2 @ @
50 3 50 117 10} 0 08 o
7u 7 6.9 8 ~1 -1 10} 10}
80 R R L R TR T
M ) a8 7 S5 5 10y 1w
160 s 15 87 7080 ot qni




TABLE 6.

EXPERIMENTS ON X. 11,

)
i Engine on. ' Glidting.
l gy —
Cendition, apeed , | | Pullon | ..
(m.p.h.). {::Xl‘l‘ :_’:l ! FElevator ' Cont ror} g }“I( N “ltm
) d t Ane
: i Column (1bs.). I Amaly (doger) (‘((l):)l.:l)‘,n | (ddegs.
{ | | | _
Spring forward | 40 2} -1 | 9 | =2
50 5 -2 8¢ | -3
60 61 -3 ' N ; 3
70 8 -3 al 3
i 80 9 9 -3 8 -3
|90 10 -3 Co11Y) 3
| 100 11 -3 12 4
Spring central,.. 40 -2 l -3 4+ 4 -} -t
50,0 6 0 § -2 -3 -3 0 =3
60 2 2 2'-3 -8 -3 11 -1
G 70 4 8} 24 -3 —4 -3 2 - !
| 80 515 44-3 —4 -3 6 -2
I 90 7 6% 71-3 -4 -3 7 -31
: 100 10 9 10 -4 —4 -3 11 --54
Spring back .. 40 — - -2 K
15 -5 ) 2 0
60 -3 U 0 1
70 - 2 )
75 - & 3 2
100 4 i

Calibration of the spring showed that moving it back is equivalent to
a pull of 4 1t and moving it forward to a push of 3 Ibs,

Proated wnder the autbanity of His MAJESIV'S STATIONEXY Urii
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