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_____~I ,11th Part of Report NO. ;ME/53/2

AERPLAM iaW AR]OU&MENT EXER3n, NTAiJ ESTAJISI},NT h8. AU,2 5,3
B0SCQ1ME DOMIT

Wyvern S. 16C.4 ;;, 88L
(Python 3)

Latur,.l nnd directional handling trials with tailplone
fins fitted and half area rudder trim tab

A. & A.E.E. Ref: 5720,h/I1/THJH
M. 0. S. Ref: 7/Acft/5909/RDNI
Period of Test : Januory to March, 1953

Progress of issue of Report

Report No. Title

6th Part AAEE/853/2 V7. 884 Night flying appraisal.
7th - do - 'V. 884 Airfield landing assessment.
8th - do - Vf. 884 Brief directional handling tests with

interim rudder state.
9th - do - Wt. 884 Altimeter and ASI static pressure error

corrections.
10th - do - W. 884 Qualitative longitudinal and lateral

handling trials up to 20,000 ft., includin
stalls.

Summary

The tailplane fins improved directional characteristics in that over-
balance was no longer present in sideslip tests even at the maximum rudder
angle, (140 in flight); slight lightening of foot forces was encountered

occasionally near the maximum rudder angle but was not considered serious.

The greater rudder angle (i#1 compared with 110 of the proposed interim

scheme) improved directional control in crosswind take-offs and landings.

The fins also appeared to make the 'j inking' motion in rough air,

previously criticised, more gentle but trials would be needed to determine

the effect of the motion on aiming.

The half area rudder trim tab made trimming easier and satisfactory
throughout the speed range.

This Report is issued with the authority of

21

k6 Air Commodore
Commanding A. & A.E.E.
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1. Introduction

__ The 3rd port of tlhis Report gave the results of a preliminary
directional handling assessment in which rudder overbalance was observed

in straight sideslip tests on the climb at 165 knots I.A.S., and an account

of some fruitless measures token in attempts to cure the overbalance.
Development continued and the 8th part of this Report gave an account of
tests directed towards attaining a suitable 'interim' rudder state which
would allow a small number of aircraft to go into Service without delay,
albeit in a restricted manner. However, tt about this time, tests at the

firm on a 17yvern with subsidiary fins fitted on the tailplane were showing
promise, and it wes decided to fit a pair of fins to VWI. 884. Tests made
in this configuration are reported here together with tests of a half-area
rudder trimer tab which was fitted to overcome earlier A. & A.E.E. criticisms
of the too-ropid operation of the trimmer.

2. Condition of aircraft relevant to tests

2.1 General. VVW. 884 was a ?1k.4 Wyvern, differing at first from the

earlier (c. 2-) version in having a 1O dihedral tailplane, cut-back engine
cowl, lockable tailwheel and a "horn-bilanced' rudder. Other changes were
made in the course of developing the Nk.4 to a standard acceptable for
Service use and those relevant to directional handling are given in later
paragraphs.

2.2 Loading. The tests were made at the design aft e.g. position of
6.0 ins. aft of datum (21.2 S.M.C.) undercarriage down, with the aircraft
loaded to a weight at toke-off of 20,730 lb.

2.3 Airframe limitations. The maximum permissible indicated airspeed

was 435 knots I.A.S.

From structural considerations the maximum allowable angles of sideslip,
based on a safety factor of 2, ware 250 at speeds up to 170 knots I.A.S.

(this was also the calculated fin stalling angle) 120 at 250 knots I.A.S.,
51-0 at 350 knots I.A.S. and 3:O at 435 knots I.A.S. (Ref. RTO's letter

204.0/Wyv/01, dated 22nd January, 1953).

2.4 Central fin and rudder details. The fin and rudder were basically

as fitted for the first series of tests (3rd part of this report) and relevant

details are as follows.

The leading edge of the rudder above the top hinge was extended forward

to form a 'horn balance'. The rest of the rudder leading edge, between the
top and bottom hinges was shrouded by rearward extension of the fin skinning

but for these tests the shroud trailing edge strips (about -" " wide) were

removed. The gap between the fin and the rudder nose was open (i.e.

rubberised fabric seAl removed. This was the condition in which the tests

were made by the firm and appeared promising).

Gross fin and rudder area 50.2 sq.ft.

Gross rudder area 17.1
Rudder area aft of hinge line 13.3 "

'Horn balance' area above top
hinge and forward of hinge line 0.97 " "

Rudder travel (each way) 144.0 4
Rudder tab area 0.77 sq. ft. (1.59 sq.ft. originally)

The reduction in tab area made during the course of the tests was

effected by reducing the height of the tab, maintaining the original 
chord.

The upper part of the trimmer then became an integral part of the rudder

proper.

The tab was adjusted to give zero balance action.

46The original rudder travel of the 1.k.4 was + 150. since preliminary A.& AE.E.
tests with the fins fitted showed some lightening; towards full travel, the firm
proposed a rudder movement of 140 each way, with +0, - 00 tolerance; for the
remainder of "bhe A. & A.E.E. tests the rudder movement was set to the top limit

as shown.



2.5 Tailplane fins. One fin was fitted on each side of and normal
to the tailplane (see Figs. 4 and 5). The gross orea of each fin was 0 -
sq.ft., divided equally above and below the tailplane.

2.6 Instrumentation. A Hussenot A.20 continuous trace recorder was
used to record rudder pedal force, rudder angle, height and indicated airspeed.
A sideslip vane was fitted on a pole on the starboard wing tip and was
connected to a desynn indicator in the cockpit.

3. Scope of tests

The tests wero in three parts:

3.1 Sideslip tests to port and storboard

() On the climb at 165 kts. I.4.S. (intermediate power) at about
14,000 ft.

(b) In level flight at operational necessity power (giving about
290 kts. I.AS. at the test height)

(c) In the dive at 420 kts. I.A.S. at max. continuous power.
(d) On the glide at 130 kts. I.A.8. with the flaps and under-

carriage down and the throttle at the flight idle gate.

Tests (b), (c) and (d) were made betw-teen 8000 ft. and 10,000 ft.

3.2 Assessment of the half area trimer tab.

3.3 General directional assessment, including changes of trim with
speed and power and turns on one control.

4 Results of tests

4.1 Sideslips. The results are sunmrised in the following table.
Foot forces quoted are nett values (i.e. port minus starboard or vice-versa)
from the Hussenot records, sanples of which ore given in Fig.1. Fig.2 gives
a plot of rudder angle against sideslip angle for the climb test, and Fig.3
gives, again for the climb test, a. plot of rudder force against rudder angle
together with some typical values for the unmodified aircraft.

Figures qjoted in brackets in this table ore sideslip angles.

Condition Sideslip to port Sideslip to starboard
Foot force increased progressively Similar to test to

Climb to 220 lb. at 13.80 stbd. rudder port 310 lb. at 140
165 kts. I.A.S. (160) -,t which point the rudder 17 k).

pedals appeared to be at full travel.
Between - and ' aileron used to
maintain straight sideslip.
Heavy foot force (about 280 - 290 lb.) Heavy foot force (about

Level limited the rudder angle to 5,80 300 lb.) limited the
290 kts, I.A.S. (71 ° ) . .............. rudder an le to 5o(5.o )

Dive As for level flight, max rudder angle As to port.
4.20 kts, I.A S. 20 (20).

Pedal force increased progressively,
Glide, flaps becomin$ prohibitively heavy (about As to port, about 300

u/c do=. 290 lb.) at the seame time as the lb. at 13.80 ( .o)
130 kts. I.A.S. pedals appeared to be at full travelwith a rudder angle of 149 (7o). -

Occasionally during the climb tests there appeared to be very slight
lightening of the pedEl forces just before full travel was reached.

/4.2....
-
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4.2 Assessment of trim tab. The half area trim tab overcome earlier
A. & A.E.E. criticisms of too-rapid operation. Directional trimming was

now much smoother, Whereas on previous Wyverns it was not possible to trim
the airoraft accurately for straight flight, the present 'fine-action'
trimmer enabled the aircraft to be trimmed with precision up to 435 kts.I.A.S.

4,3 General directional assessment. Pilots considered the rudder,

although heavier than in previous nonfigurations, to be a pleasant control

for all normal flight conditions; it was moderately light and responsive.

The increased rudder movement now available (+ 147'0 compared with
+ 11 of the "interim" scheme, see 7th and 8th parTs of this Report) gave

3etter directional nontrol in oross-wind take-offs and landings in winds

of up to 20 knots (the maximum value during the trials) from either side.

The directional change of trim with power was insignificant (e.g.

on throttling to the flight idle gate when trimmed for level flight at
operational necessity power, 290 kts. and about 250 lb/sq.in. torquemeter
reading). The change of trim with speed was also small; trimmed on the
climb at 165 kts. I.A.S. a right rudder bar force of 40 lb. was required
to maintain straight flight at 435 kts. I.A.S.

Turns on one control were made. On rudder only, there was no

appreciable rate of turn, and only moderate amounts of slip. On aileron,

with the rudder fixedisatisfaotory turns could be made without noticeable

slip or skid; it was possible to exceed rate 4 (the m&ximum value on the

pilot's instrument) in turns made at 165 kts. I.A.S. on the climb and at

305 kts. I.A.S., approximately the maximum speed in level flight.

Earlier reports on Wyvern aircraft criticised the directional 'jinking'

at high speeds in rough air. The fins altered this characteristic in that

the motion was smoother and of longer period. Pilots were of the opinion

that there was a slight amount of roll now present, such that the motion

was almost a gentle 'wallow'.

Aerobatics were coomplished without difficulty. Rolls and half-rolls

from the tops of loops were made with no signs of rudder locking.

5. 'Discussion

5.1 General. The tests made with the trailplane fins fitted have showm

that the rudder locking has been overcome. From this aspect the directional

characteristics ore considered to be of a standard acceptable in Service use,

but the jinking in disturbed air may affect aiming, and specialist armament

trials will be required to assess this.

It should be noted that the fins were tested in conjunction with the

removal of the fin-to-rudder seal and the shroud trailing edge strips. The

seal had been removed in earlier tests (8th part of this Report) and was

still out when the aircraft returned to this Establishment after having the

fins fitted. It was decided not to refit the seal since it appeared to

have helped in the earlier tests. Withthe seal out, some tests were mado

with the shroud trailing edge strips refitted but these increased the

lightening of the foot forces (see next para. ) although ni reversal of

foot force was encountered even at full travel.

It was found on a few occasions in straight sideslip tests, that with

the present configuration there appeared to be some lightening of the foot

forces towards full rudder travel, but it was not serious and the rudder

would always centralise when the foot force was released.

Although the maximum rudder travel was + I °40 and this could be

obtained on the ground, the maxmum rudder angle which could be obtained

in flight with the pedcls at full travel was 140, indicating slight

distortion somewhere in the circuit.
/5.2.....
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5.2 Possible action of fins. It will be noted that, in comprison
with the results quoted in the 3rd port of this Report, the ratio of rudder
angle to sideslip angle had been increased slightly due to fitting the fins
(e.g. about 0,88 :1 compared with about 0.75 :1) but the increase was by
no means adequate to prevent an angle of sideslip of about 100 (the critical
value in the original tests) being reached.

The most likely explanation of the effect of the fins is as follows.

It appears probable on this aircrnft that while b2 remained correctly
negative with increasng sideslip, b, became progressively negative so
that, at a given sideslip angle, the sum of the two main hinge moment terms
was zero i.e. ignoring be and b, effects1 Ci = biA + b2 7 - 0, ( a positive

giving rise, in accordance with ccnvcntion to a negative ). The foot
force would then be zero also, giving symptoms of overbalance. Increase in
the rudder angle/sideslip angle ratio would, at a given sideslip angle,
increase the b2 1 term and therefore delay the sideslip angle at which the
sum of the term becomes zero, there being no reason for any change in the
bik term. When the plot of b, / against sideslip is non-linear, only

small increase in the slope o' the b2 // plot might be needed to give a
marked increase in the sideslip angle for zero hinge moment.

It was thought that the change in b1 with sideslip might be due to
partial fin stalling, and in this connection it is interesting to note that
RAE flight tests with wool tufts on the fin have shown break-away of the
flow a" the top of the fin in sideslips.

5.3 Lateral and directional derivatives. From the results of tests in
which turns w;ere made on aileron alone, the yawing moment with sideslip (nv)
cappee rd satisfactory. This is confirmed by the general directional steadi-
ness, the jinrking movement referred to in pora. 4.3 being more of a sideways
displacement (Yv effect).

Between I and 1 aileron with about 10-15 lb. force was used to maintain
the 160 sideslip on the climb. This would appeoar to indicate a satisfactory
value of v. this einion being supported by the only moderate ounts of
skid apparnt in tL'na on rudder alone.

Tests made with the aircraft in the original condition (no fins) had
shown that oscil.stor, stability was satisfactory, the aircraft returned to
the trimmed state wi1bin 2 or 3 oscillations when the controls were released
after applying about 50 of sideslip, The fins would increase the damping
and oscillatory stability may be considered good.

Although no specific tests were tade to investigato spiral stability,
it does not appeor that the increase in n. due to the fins has made the
aircraft noticeably unstrble and pilots did not complain of spiral instability.

5.4 A.P. 970 reouirement for sideslip. Chapter 601, para. 8.3 states
inter alia, that "the angle of sideslip corresponding to a rudder control
force of 150 lb,,or to full rudder if this can be produced with a lesser
force, shall be within the design limit (for sideslip) and shall not be
greater than 67lo of the angle at which the fin stalls." These requirements
are met easiy V11 the Vlyvern, where foot forces approxiately doubletho quoted
value wer , thout achieving the des-tgn sideslip angle. It is felt however
that 150 lb, is rather a low figure and that a higher figure (say 250 lb.)
would be more realistic. It will be recalled from the 8th part of this
Report that deliberate heavying of the rudder was one of the lines of attack
to prevent ovrirbalanoe.

6. Conclusions

The fitting of tailplane fins has overcome rudder looking on this aircraft,
foot forces n.!c being progressive with sideslip and rudder angle, any
lightening being vury slight and occurring only at extreme angles.

/It .. ... ...
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It appeared also thct the fins hod affooted the 'jinking' motion
in rough air, criticisd earlier, in that it was now more gentle and seemed
to be associated with very slight rolling. Specialist tests will be
needed to determine the effect of this motion on aiming.

The greater rudder anglo available with this configuration L± 140°

compared vrith + 110 in the proposed interim scheme) hcs improved directional
control in crosswind take-offs and landings.

The half area rudder trim tab has made directionol trimming easier
end satisfactory, thus overcoming one criticism levelled at the Wyvern
throughout its development life.

7. Further developments

Tests have been completed to determine the effect of the end fins
on longitudinal charactoristics, ar, those tests will be re-orted later.

Circulation Tist

A.D.R.D.N. 2 Copies I for Action
A.R.D. (Projects) I Copy
T.P.A.3/T. i. B. 1c 75 Copies
O.C. Handling Sqdn. I Copy
R.T.O. Westlands 2 Copies
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