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Wyvern 3, Mk, 4 Vi, 884
63 ﬁhon 3)

Letornl and directional hondling triols with teilplone
fins fitted ond half area rudder trim tob

4. & AEE, Ref: 5720,h/11/THIH
M, O, S.  Ref: 7/Acft/)909/RDN1
Period of Test : Jonuery to Morch, 1953

Progress of issue of Report

Report No,. - Title
6th Part AAEE/853/2 882;. Night flying appraisal,
7th - do = V\V Airfield landing sssessment.
8th - do - v, 884 Brief directionsl handling tests with
interim rudder state.
9th - do - VY, 884 Altimeter and ASI static pressure error
corrections.
10th - do - VW, 884 Qualitstive longitudinal and lateral
hsndling trisls up to 20,000 ft., including
stalls,
Summary

The tailplane fins mrproved directional characteristics in that over-
balance was no longer present in sideslip tests even at the maximuwa rudder
angle, (140 in flight); slight lightening of foot forces was encountered
occasionally near the meximum rudder angle but was nof considered serious.

The greater rudder angle (142° compared with 11° of the proposed interim
scheme) improved directional control in crosswind tzke-offs and lasndings.

The fins also appeared to make the 'jinking' motion in rough air,
previously criticised, more gentle but triels would be needed to determine
the effect of the motlon on aiming.

The half orea rudder trim tsb made trimming essier end sstisfactory
throughout the speed range.

This Report is issued with the authOrity o) \/)\w .

U A:.r Commodore
Commending A. & A.E,E,
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1. Introduotion

The 3rd psrt of this Report gave the results of e preliminary
directionsl hondling assessment in which rudder overbolance wos observed
in straight sideslip tests on the olimb st 165 knots L./.S., end an account
of some fruitless measures token in ottempts to cure the overbolances
Development continued ond the 8th pert of this Report gave on eccount of
tests directed towards atteining o sulteble 'interim' rudder stote which
would ellow o smoll number of ciroraft to go into Service without delsy,
albelt in & restrioted monner. However, st cbout this time, tests at the
firm on a Wyvorn with subsidiory fins fitted on the tcilplone were showing
promise, ond it wes declded to fit a peir of fins to W, 884e Tests mede
in this configurcation are reported here together with tests of a helfe-cres
rudder trimmer teb which wos fitted to overcome earlier A, & 4,E,E, criticisms
of the toowrapid operation of the trimmer,

2, Condition of aircraft relevant to tests

2.1 Generasl, VW, 884 wes o Mk.4 Wyvern, differing ot first from the
earlicr (Mk,2) version in having ¢ 10° dihedral teilplone, cut-back engine
cowl, locksble tailwheel and & "horn-balonced' rudder, Other changes were
made in the course of developing the Mk.4 to o stondard ecceptoble for
Service use and those relevent to directionel hendling are given in later
peregraphs, .

2.2 Loszding. The tests were made at the design aft c.ge position of
6.0 ins, oft of detum (21,2% S.M.C.) undercerriage down, with the aircraft
losded to o weight ot toke-off of 20,730 lbe

2.3 Airfrome limitotions. The meximum permissible indicated airspeed
wes 435 knots I.d.8.

From structursl considerstions the maximum ellowcble angles of sideslip,
besed on & sefety foctor of 2, were 250 at speeds up to 170 knots Li.S.
(this was elso the calculeted fin stelling ongle) 120 ot 250 knots LeiS.,
540 ot 350 knots L.ieS. ond 3© ot 435 knots LS. (Ref. RT0's letter
2040/Wyv/01, doted 22nd Jonuery, 1953). -

2. Centrel fin end rudder details. The fin end rudder were bagically
as fitted for the first series of tests (3rd pert of this report) and relevont
deteils are as follows,

The leading edge of the rudder above the top hinge wes extended forwerd
%o form o 'horn belsnce's The rest of the rudder lesding edge, between the
too end bottom hinges wos shrouded by recrword extension of the fin skinnjng
but for these tests the shroud trailing edge strips (obout §" vide) were
removed, The gop between the fin ond the rudder nose wos open (1ece
rubberised febric seal removeds This wss the condition in which the tests
were made by the firm ond eppeered promising).

Grogs fin and rudder oreo 50,2 sqef'te

Gross rudder aresc 17,1 % "

Rudder orsa aft of hinge line 13,3 " "

'Horn belance ' area sbove top

hinge end forward of hinge line 0,97 " "

Rudder travel (each way) 1450

Rudder tab orea 0077 5qe e (1459 sqefts originelly)

The reduction in tob srec made during the course of the tests wos
effected by reducing the height of the tab, mointaining the original chords
The upper part of the trimmer then beceme on integral port of the rudder
propers

The tab wos sdjusted to give zero bolonce actions

(s F 5N

# The original rudder travol of the lkel wes + 150, Since preliminary Ae& AJE,E,
tests with the fins fitted showed some lightening towerds full trovel, the firm
propossd & rudder movement of 140 esch way, with +30, = 00 tolerance; for the
remainder of the Ae & AJE.E, tests the rudder movement was set to the top limit
as shown.
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2,5 _Toil lone fins, Onc fin was fitted oh sach side of ond normal
to the tmlplo.ne (see Figs, 4 ond 5)s The gross orea of eoch fin wos 5;?-
5q.f't,, divided equelly obove snd below the tailplane,

2,6 Instrumentotion. 4 Hussenot 4,20 continuous trace recorder was

used Yo reocord rudder pedal foroe, rudder sngle, height snd indicoted airspeed,

4 sideslip vene was fitted on o pole on the starboord wing tip ond wes
conneoted to ¢ desynn indicotor in the cockpit,

3¢  Soope of tests

The tests werc in three ports:
Je1 Sideslip tests to port and storboerd

(2) On the climb ot 165 kts, IL.A.S. (intermediote power) st sbout
14,000 £,

(b) 1In level flight ot operctional necessity power (giving sbout
290 kts, LA.S. ot the test height)

(c; In the dive ot 420 kts, IL,A.S. st max, continuous power.
(d) On the glide et 130 kts, I.A.S. with the flaps ond under-

carrisge down and the throttle at the flight idle gate,
Tests (b), (c) and (@) were mode between 8000 ft, ond 10,000 fto
342 Assessment of the helf ereo trimmer tab,

343 Generel directionsl assessment, including ohenges of trim with
speed and power and turns on one control,

be Results of tests

41 Sidesglips. The results are summerised in the following teble,
Foot forces quoted are nett velues (i.ec. port minus starboard or vice=verssa)
from the Hussenot records, seamples of which are given in Fig.1. Fige2 gives
& plot of rudder engle egeinst sideslip angle for the olimb test, and Fig.3
gives, agein for the climb test, & plot of rudder force against rudder ongle
together with some typicel velues for the unmodified oadrcroft,

Pigures qioted in brackets in this teble are sideslip angles.

pedals oppeared to be at full travel,
Between + ond & odleron used to
mointein straight sideslip.

Condition Sideslip to port Sideslip to storboerd
P Foot force increosed progressively Similer to test to
C1limb to 2?0 1b, at 13,80 stbd, rudder or‘a6 210 1lb, at 14°
165 kts, L &S, | (160) ot which point the rudder ?17—12— ).

Tevel limited the rudder angle to 589 300 1b,) limited the
290 kts, LS. | (7340),

Heavy foot foree (about 280 = 290 1b, )] Heavy foot force (sbouf

- rudder sngle to 5°(53°)

Dive 4s for level flipht, max rudder angle | As to port.
420 kts, T.A.S. |20 (20),

Pedal force increased progressively,

2 u/c” dovm, 290 1b,) ot the seme time as the 1b, ot 13,80 (859),
130 kts. I,2.S. | pedels appeared to be et full trovel

with o rudder ongle of 14° (79).

Glide, flops becomin§ prohibitively heavy (obout As to port, about 300

A Occosionally during the climb tests there oppeared to be very slight
lightening of the pedel foroes just before full trovel wos reochede

/te2e00e

——




-l =

L,2 Assegsment of trim tab, The half area trim tab overceme earlier
A, & AE,B, criticisms of too-repid operation, Directionsl trimming was
now much smoother, ‘'Vhereas on previous Wyverns it was not possible to trim
the siroreft ocourstely for straight flight, the present 'fine-oction'

;rimger enabled the slroraft to be trimmed with preoision up to 435 ktas,

43 General directional ossessmont, Pilots considered the rudder,
although heovier thon in previous configurations, to be a plecsent control
for oll normol flight conditions; it wns moderately light and responsive.

The tncressed rudder movement now available (+ 145° compared with
+ 110 of the "interim" scheme, see 7th and Bth parts of this Report) gave
better directional control in oross-wind teke-offs and lendings in winds
of up to 20 knots (the meximum value during the triels) from either side.

The direotional change of trim with power was insignificant (eage
on throttling to the flight idle gate when trimmed for level flight ot
operational necessity power, 290 kts. and about 250 1b/sq.in. torquemeter
regding). The change of trim with speed wes also smell; trimmed on the
climb at 165 kts. T.A.S. a right rudder ber force of 40 1lb, was required
to meintein straight flight at 435 kts. L.ALS.

Turns on one control were mede, On rudder only, there was no
spprecieble rate of turn, end only moderote amounts of slip. On aileron,
with the rudder fixed,setisfaotory turns could be mode without noticecble
slip or skid; it wes possible to exceed rate 4 (the meximum value on the
pilot's instrument) in turns mede ot 165 kts, I.A.S. on the climb end ot
305 kts. IL.4.S., cpproximctely the moximum speed in level flight,

Eorlier reports on Wyvern eircraft criticised the directional 'jinking'
ot high speeds in rough eir, The fins cltered this charocteristic in thot
the motion wos smoother and of longer period. Pilots were of the opinion
that there wes o slight emount of roll now present, such thot the motion
wos elmost o gentle 'wellow',

Aerobatics were conomplished without difficulty. Rolls end helf-rolls
from the tops of loops were mede with no signs of rudder locking,

5 Discussion

5,9 Genersl. The tests mede with the tnilplone fins fitted have shovm
thot the rudder locking has been overcome, From this aspect the directionel
choracteristios are considered to be of o stondord occepteble in Service use,
but the jinking in disturbed oir moy offect oiming, ond specielist ormement
trials will be required to assess this,

Tt should be noted thot the fins were tested in conjunotion with the
removel of the fin-to-rudder seal cnd the shroud treiling edge strips. The
sezl hod been removed in eerlier tests (8th port of this Report) ond wes
still out when the airoraft returned to this Estsblishment after hoving the
fins fitted, It wes decided not to refit the seal since it oppesred %o
hove helped in the earlier tests, With.the secl out, some tests were mede
with the shroud trailing edge strips refitted but these inecreased the
lightening of the foot forces (see next pm'n.j although no reversel of
foot force was encountered even at full travel.

Tt wos found on & few occasions in stroight sideslip tests, thet with
the present configurction there oppeared to be some lightening of the foot
forces towords full rudder travel, but it wos not serious ond the rudder
would always centrelise when the foot force wos released,

Although the moximum rudder travel wes & 144° ond this could be
obteined on the ground, the moximun rudder angle which could be cbtecined
in flight with the pedols at full trovel was 14°, indicating slight

distortion somewherc in the ecircuit,
/5¢2eacee
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5¢2 Possiblo aotion of fins, It will be noted that, in comparison
with the results quoted in the 3rd port of this Roport, the ratlo of rudder
ongle to sideslip ecngle hod been incrossod slightly due to fitting the fins
(cege obout 0,88 :4 compared with obout 0,75 :1) but the inorcsse wos by

no meons odequate to prevent on ongle of sidoslip of obout 10° (the oriticol
value in the originol tests) boing recched.

-
o
5

The most likely explonotion of the effoot of the fins is os follows,

It oppeors probeble on this ciroraft that while bs remeined corrcctly
negetive with incroesing sideslip, by beceme progressively negative so
that, at o given sideslip ongle, the sum of the two moin hinge moment terms
wes zero i.e,, ignoring by ond by offects, Cy = g + b2“ = 0, ( & positive
giving rise, in eccordence véth cenvention to 2 negoti¥e # )o The foot i
orce would then be zero olso, giving symptoms of overbalance, Incresse in ;
the rudder angle/sideslip angle rotio would, ot e given sideslip ongle,
increase the bzz term and therefore deloy the sideslip engle ot which the
sum of the term$ beoomes zcro, there being no recson for any chenge in the
by# term. When the plot of b, # agoinst sideslip is nonelinear, only
o smsll increcse in the slope of the bgﬂ plot might be needed to give o
morked incresse in the sideslip ongle for zero hinge moment,

R PO SR

It was tiought thet the chonge in by with sideslip might be due to
pertiol fin stelling, ond in this connection it is intercsting to noto thot
RAE f{light tests with wool tufts on the fin have shown breck-ewny of the
flow o5 the top of the fin in sideslips.

5.3 Leteral ond directionel derivotives. From the results of tests in
which turns were mede on odleron olone, the ymving moment with sideslip (ny)
cppeared satisfeclory, This is confirmed by the genercl directionel steadi-
ness, the jinking movement referred to in pors. 4e3 being more of & sideways
displecement (Y, effect).

Between % ond % cileron with sbout 10~15 1b, force was used to meintein
the 16° sideslip on the climb, This would sppeor to indicete @ sotisfactory
voelue of 1, this crinion being supported by the only moderate omounts of
skid apporent in tuwrns on rudder olone, -

Tests made “vith the eircraft in the original condition (no fins) had ' =
shown thot oscillatory stobility wes sotisfactory, the airereft returned to
the trimmed stobc wi*bin 2 or 3 oscillations when the controls were released
after opplying aboul 5C of sideslip. The fins would increcse the demping
and oscillatory stobility mey be considered good.

Although no specific tests were mode to investigsatc spiral stebility,
it does not epnear thet the increcse in n, due to the fins hes node the
pircoreft noticeebly unsteble end pilots did not complain of spirel instebility.

5.4 AP, 970 requircment for sideslip. Chopter 601, poras 843 stobes ‘
inter 2lia, that "the onglc of sideslip corresponding to & rudder control .
foree of 150 ib.,or to full rudder if this con be produced with & lesser
force, shell be within the design limit (for sideslip) ond sholl not be
arecter thon 67/ of the ongle ot which the fin stalls,' These requirements
ore met ee.s%éy 1 the Wyvern, where foot forces epproximptely doublethe guoted
value werg/sx thout achieving the deadgn sideslip ongles It is felt however
that 150 1b, is rether o low figure ond that a higher figure (soy 250 1b,)
would be more realistic. It will be recslled from the 8th pert of this
Report thot deliberote heavying of the rudder wos one of the lines of attack
to prevent overbvolenoce.

6.  Conglusions

The £itting of tailplone fins hes overcome rudder locking on this sircraft,
foot forces n.c veing progressgive with sideslip ond rudder ongle, ony
lightening being wery slight ond ocourring only at extreme ongles.

/Thesnesees
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1 It cppeared olso that the fins hod offcoted the 'jinking' motion

' in rough eir,oriticisecd earlier,in thot it wns now more gentle and scemed
to be associleted with very slight rolling, Spoclalist tests will be
needed to detcrmine the effect of thls motion on oiming,

The grester rudder cngle availpble with this configurcotion Q 1450
compared with + 119 in the proposcd intorim acheme) hos improved directionol
control in crosswind tcke-offs ond londings.

The half sree rudder trim tab hos made directioncl trimming casier
end satisfactory, thus overcoming onc criticism levelled ot the Wywvern
throughout its development life.

7. Further developments

Tests have been completed to determine the effect of the end fins
on longitudinal characteristics, or? thesc tests will be revorted loters
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