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3rd Part of Report No. /fuiBe/852/1

PARRAE
AEROPTANE AND ARMALENT SXPRIMENTAL EST/BLISHMENT
BOSCOLB: DOV

Sea Balliol T, k.21 VR.599
(Merlin 35)

Longitudinal manoeuvrability at low altitude

A. & AJE.E. Ref: LAEE/5702,3/10/GKiN
M. O. S. Ref : 7/icft/6421/11/RDN2(c)
Period of test : February - Mearch 1953

Prorress of issue of Report

Report No. Title
VR. 596
1st Part of L4EE/852/1 VR, 597) & further deck landing mssessment
VR.598) and Initial carrier trials.
2nd ~ do = VR.599 Gencral handling,
Sumnary
leasurements of stick forec. per '-', stick force in turns and stick

force and acceleration in cut of trim dives have bcen made at low altitude
on Sea Balliol T. Mk.21 VR.599.

The stick force per 'g' at low altitude w~s within the limits laid
dovm by #P.970 a2t speeds up to 125 knote I,..8. 2t the practical forward
C.G. and 250 Imots I.i.S. at the o't C.G., exceeding the upper limit at
higher spceds, Pilots considercd that although the results were in some
cases above the limits, the clevetor londs werc not excessive in monoeuvres.

The out of trim dives up to the limitine spced were satisfactory in
that they were within the #P. 970 limit, exXccpt above 310 kts. I.4.S.,
when the elevator force ot the practical forward C.G. oxcceded the limit
and sbove 320 knots I.A4A.S. at the oft C.G. limit with extornal stores.

ipplication of the proposed new stick force/'s'! requirements of ALEE/
Res/270 would permit the aft C.G. limit to be extonded if necessary, to
36.0% S.M.C. undercarriage up, and such a C.G. would also be satisfactory
from the point of view of out-of-trim dives.

This Report is issued with the nuthority of

Mdr Commodore
Conmanding &, & 41,E,E.




acceleration for this ecirersft (nq) is 6.7

[

p
1o  Introductio. o
Handling trinls were required to bo made on Sc Balliol T, Ik.21 VR.599 . %
ot this Lstablishment to obtoin ~ C.8.(4) rulease for the airer<ft. The e
tests congisbed of check handling trinls to be comparced with the Balliel
T Mk, 2 which had ~lrerdy beun proved rnd found to be nceeplable.
’
Part of these tests conunistel of rwrwsuriny stick force per !'g', stick .
force in turnz and stick force and acccler-tion on relense of the stick from 4
out of trim diven, «t vrrious londinps. The resulis of these tests form the
subject of this part of the Runort.
2, Condition of ~ircrnft reluvont to tests
Z.1 Gener-l., The nirer £t s as deseribed in the 2nd prxt of this ‘
Report but for easc of ruference certain detils roclevent to tests arc
repented belov.
2,2 Mrfreome limitations. The rollowing lindtations have bocen extrnetced
fror R.D.(.) Form 13 dbed 18,12,52: -
Moaximwus permiseible specd 350 kmots I.4.8.
Maxdimun perrd oible scevlorometer reading
at a welelit of 8950 1b. 7 5 *
2,3 Dctnils of t-ilplane mnd elevator. Lhe tnilpl-ne clevater wnd
trimdne 05 were wetcl coverel mnd thor. wia - sn=1l hern brlunce,
Gross arew, toilplene -nl clevietor 51.4 sqg.t't.
Grocs arca of clov-ior 1.5 zg.0t. aor side.
Lrec af't of hin-c linc 9. 47 sg.i't. per side.
Arce of horn forwsrl of hinve 0.77 sa.f't. pur side, }
fren forviard of hince (wzelu in - homn, 1.20 sq.ft. por side. i
Lres of tibs Aaft of hingw (B ) 1.4 sq.Tt. 1
Elevator: stick ~v-rin- 0.235 rads/ft.
Elovator wrovel 21+.ZC‘ up 12 , Paovm
Elevator o travel 5.9 up  3.9° aown ¥ ‘
2,4 Loalin-~s. The tosts wore znaxricd cut at the followines t~ke-off T
loadinis:- ‘
" Toadine Trde—off | C.G. positicn in inches aft of datum wnd 7SuQ
No. weight | Undercerringe down ! Undercarringe up Remarks
ib. Inches %8.1L.C. | Inches 8. 1. Ce
1 8,970 3.2 29,8 3k 30,1 Practical fvad,
) limit,
2 8,595 Zhly 34,0 3.6 3.3 it limit.
3 9,120 She L. 34,0 3L.6 344 3 4Ft 1imit v th
external stores
The desin C,C. r-nre was from 27.5 ins. to 3k.l. ins. oft of dntum (i.e.
25,0% to 34.05 S.1L.C.) undere~rriapge down.
The external stores crrried for lo~ding 3 were 8 x 25 1b. flash bombs
under the winss,
2,5 Instrumentrtion, .11 rendings quoted in this Report were obtained
visually by pilots from calibrated instruments.,  These were:-—
A, 5,1, R
Mtbtimeter
Kolleman zccelerometer ‘
Stick force desynn. 9
- - . /3- [ XXX XX)
¥ 7This iz thc moximun norm.l accelerstion atbrined during Contractors tests :
at a weipht of 8,600 1L, It should be noted that the Gesivn meximum normal —



3 Scope of tests

3¢1 Ilevntor stick forcce and nomnl accelerntions were measured in
accordance with the tochnique of “WA.E. Report hero 2223 in pull outs from
strairht trimmed flirht at heirhts betweon 3,000 and 5,000 ft.

The tests wer carried out over the speed rwnge 85-335 knots I, 4. S.
and the pull-cuts made nt accelerometer rendines varying from 1.6g at low
speeds to 3,5 b hi~h speeds. Tests wer. mide at loadings 1 and 2,

2.2 Ilevitor stick force nd nccelerometer readine were messured in
steady turne t const~nt speed from trimmed level flizht at 5,000 £t. at
speeds between 90 and 200 Imots I.4.S. Tests were made at loadine 1 and 2.

3.5 levator stick force in out of trim Jdives and accelerometer
readin~s on rele-se of the stick were measured up to a speed approaching
the limitin~ speed. The tests were moede with the adreraft trimmed for
level flicht <t 175 knots I...S. (i.e. helf limiting diving speed).

These .ests wers mnde ab both loodines 1, 2 and 3,

Le Results of tesis

b1 Stick force per ',-'. Tho ndreraft o trimmed at various speeds
over tie speed r~are crvereld, usins meximur continuous cruising power i.e.
2100 r.p.m. + 4 1b/sq.in, boost. Undercoriiyre and flaps were up, airtrakes
in and the radi~tor rflap set nt "auto", Values of stick force per 'g!
obtained from these pull outs are shown in Fig., 1 plotted arainst indicated
airspeed in kncts,

The s.ick force/!' for thic sircraft voriel linesrly =t both C.G.'s at
which tests were made, vwiti. indicated airspeel, At the practical forvard
C.G. the stick force/'e! voric. line~rly from 11 1b/'p' at 100 knots I.Ai.S.
to 22 1o/'7' ot 335 knots L. 4. 8. anl at the aft limit varied linearly from
6 Ib/'~' at 120 knots I.a.S. (the lowest sreed tested nt this loading) to
15 1b/'~! at 320 kmobs I...5. (fhe hishest s»oed tusted)r By reference to
Fig. 1 it cwn be seen tht b the ~f1 C.G. the stick force/';' was of the
order of & 1b/'~' less thun -t the practicnl forward C.5. Rough checks of
the stick forey/! ! were made vith flops and undercarringe dovm, airbrakes
out, vower off, ~% both C,G.'s., These results have not been plotted in Fig.d
but the fevw points obt~ined inlie~ted fth-t these reoults also increased
linearly for doth C.G.'s bubt ~xre some 1-2 1b/';' hisher over the speed rance
125 - 250 knots I.:. 8.

be2 Btick forcers in turns. The ~drernft wos trimmed in level flight at
various speeds nd ~irer-ft confifurttions as detniled in the tzble given
below, . stendy turn e then mnde ond ' ¢ steady airspeed, accelerometer
readin~ and stick force to maintain concitions recorded., There wms little
difference in the stick force required for similar turns in either direction,

lLceelero- | Blevator Direction
Trimmed £1irznt meter stick force |of turn. Remarks
_conditions reading '='f 1b, pull.
120 knots I.A.8. Pover 2650 148 7 Turn Pport
rpm + 7 1b/cq.in. boost 1.8 7 Turn stbd.
Flaps and underc-xri~fe up.
150 knots I..4 S. Pover 2000 2.4 10 Turn port
rpm + 2 1b/sq.in. boost. 2.4 124 Turn stbd.
Flaps and undercarriace up.
200 knots I.:.S. Power 3000 2.8 18 Turn port
rpm + 9 1b/sq.in.boost i.e. 2.8 19% Turn stbd.
operation: 1l nccessity pover.
Flaps and undercarriaice up.
120 knots I./.S. Power off. 2.0 7 Turn port | Full port
Flaps and undercrrriase us, 2.0 10:,'3- Turn gtbd. | rudder trim
required +10
90 knols L. L5, Fower 2050 : i i T tha_foot Lorgs
T A B o A
Flaps md witrenrize o - ppo S50 )
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he3 Out of trim dives. The adroraft vas trimmed in level flight at
5,000 ft., at hall the limitine diving speed (i.c. 175 knots 1.4, S.) vriith
flaps and underenrrinre up, slrbrakes in and ralintor flap set at “"suto".
The aircraft vns clinbed to a sutf'icient hoirht above the test heliht and
then put into a dive until the required snced was recchod ot about the test
heirht; the stick force to hold this vtondy speed being recorded. The stick
was released ~t the tost holrht snd the aceevlerometor reading noted, As in
previous tests on Balliol adreraft difficulty wne vxpericnced in achicving
the highur speeds cven in prolonged steup dives -nl in fact the desipn speed
of 350 knots I.4.8., was not rcachul,

The following table pives the rusults of the tests -nd plots of stick
force V I, 4S8, knots and necelurometer rending: V I.4.8. knots are chovm in
M, 3,

I..5S. Stick force |liccelerometen
Londin~ Knots. | Trim cetbines 1b. push readin. ‘g
175 0 1.0
No. 1 Practical 218 Elev, ncutral 10 1.5
Porverd Tdmit. 250 16 1.5
2¢0 Alleron: neutral 254 2.3
295 33 2.6
3y rudler: 1.6 div. sthd. 29 3.0
325 L1 3.1
175 0 1.0
No. 2 /[I% Lim.t 200 4 1.15
) 220 Elev: 0.5 wiv, b, 7 1.25
240 1L 1.0
260 Adleron: 1.4 Gdv. uthil 16 2.0
2¢0 20 2.4
300 Ruuder: 1.4 ivs. sibld 30 2.9
320 30 3.1
340 e 30 3.1
00 L 1.h
214 Srev: C,5 JGv. L. 3 1.6
No. 3 Aft limit 225 . 13 1.9
with extirnal 255 Sileren: o oddv. part W 2.3
stores. 27 2l 2.5
295 Ru ler: 2 livs., atbl. 20% 3k
315 33 3.9
335 37 4.0

Recovery vins quite straicht forwer? ~% 5,000 ft.
5. Discussion

5.1 tick force per 'g!

5,11 Genural., It is wemphasized th-t in the stick force/'s' tests
recorded in this Report, "time-histories" of the pullouts were not obtnined
as is the normnl practice of this Estnblishment, the results beins based on
pilots readinge of o stick force desyimn and = Kollsman accelerometer,

However a fairly large number of points were obtnined at each C.G.

The C.G. range for the Sgn Balliol is more aft than the range that was
covered by this Establishment in measurcments of stick force/'g' on a
Balliol k.2 (ref. 18th purt of Report Wo. ;‘u‘-.E:J/tﬁﬁZ). Howevor the practical
forward C.G, used for the trials on the Sen Balliol (d.e. 30.7% S.3i.C. u/c up)
was approximatcly comparable with the aft C.G. (d.e¢e 30440 S.1i.C. u/c up)
used during the tests on 2 Bolliol Mk.2. It ean be seen that from these
results the stick foree/'r' is smpprecinbly highoer on the Sea Balliol,

Ko rcason for such « diffurcncu is lmown since no changes, aerodynamically,
have been made to the S.o Balliol iz 21 commared with the Falliol Mk, 2 which-
would be expected to effect the stick foree/ p' (It will be oppreciated that
the spring inserted in the Seo Balliol ik.2i's elevator circuit should have no
effect on a conutint spued manocuvie such ne a stick fores/'s' test other than

P4\
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any small change in hinpe maments from the ncr tob angle.) More detailed
tests using n continuous recording were not considered justified since
pilots did not consider the elevator stick loads to be excessive in manoeuvres.

The results obbtained on thu Sea Balliol Mk.21 are discussed below in
relation to AP, ‘70 requir.ments and the proposed new requirements of Report
No., AAEE/Res/270 bearing in mind the above discussion.

5.1.2 Compliance vit. requircments.  The AP.970 requirements for
stick forces states th-t the force to obtain the desien value of nq g shell
be between 3.5 (14 -~ n4) and 9.5 (14 - nq). The value of nq for the Sea
Balliol was 6.7 g viving stick forces of 25% and 69% 1b. or, in terms of stick
force/'g', k.5 and 12,2 1b/ ',

As will be seen by reference to Fig, 2 the results at thc practical
forward C,G. were within these AP, 970 limits up to about 125 knots I.A.S.
but exceeded the upper limit above this speed, and at the aft C.G, limit the
results met these limits up to 2 speed of 250 kmots I.A.S. but above this
speed elso exceeded the uvper limit.

Alse dincluded in Fir, 2 are curves ~iving the lower and upper limits of
stick force/'s;' derived from the cusrested new regquirements of AAEE/Res/270.
i.€.

(o.) in the re~ion vhere aveilable 1ift in insufficient to permit nqg
to be reached (i.2, nt lov specdf.) a lowver limit of stick force
corresponding to 3 1b/'p’.

(b) at higher speeds thwan in (n) a lover limit of stick force as
already in £P. 970 d.e. 7.5 (14 - nl) ~nd «n upper limit of
6.5 (1h - ny) i,e, for the Sea Balliol 474 1b. (I.3 1b/'g!).

In producing these curves lmo . leire of tl.c strlling speed in equivalent
airspeed is strictly neces.nry since Voo/iq is the speed not which condition
(a) above is replaced b condition (v). Iliu infermction is not available
for the Sea Bx1liol zince prescurce orrer tosts have not been made to the stall,
A stalling speed of 65 knots, {l-ps rnl unucrenrriage up, has therefore been
assumed (bearing in ming the hisher porer retéinss whick need to be considered
in connection with stick force/!',! tists). It will be appreciated that the
actual value of stalling speed assumcd ic not critical in the present connection
since variation of this sill merely shivt fto o rather higher or lower speed
the changeover point from condition (a) e (b).

It will be noted that on thie assumpbtion made, and also assuming that
stick force/'s! continues to vary linearl: with speed ot lower speeds than
those tested,the stick force/'~' at the art C.G. (3khe 3% S.3.C.) would be 3 1b/
'g' at sbout the stalling speed assumed, thus meeting precisely the proposed
new lower limit for the region where win~ 1ift is inadequate to produce n4 g.
Clearly however it was not intended that this new low limit should apply right
dovm to the flaps and undercarriage up stall, but only in regions of speed where
the aircraft will need to be manceuvred, It is considered that the spirit of
the nev proposal would be met by sworking to it at the lowest speed at which
the aireraft would be expected to be manocuvred frequently i.e. the climbing
speed, This is 120 knots I.4. S, up to &,000 £t. reducing by 2 knots per 1000
4. thereafter. Assuming therefore ~ mean climbing speed of 110 Imots I.A.S.
a stick force/'s! of 3 I1b/'g! would be adequate ot this speed, In fact the
figure at this speed at the aft C,G. tested is 5 1b/'p', and t.us stick force
/g characteristics would be sntizfrctory ot rather more aft C,G.'s than 34 3%
S.M.C.  Ir the vnriation of stick force/'s! with C.G. position is linear, the
aftmost acecepbable C,G. position from this peint of viev would be 36,0% S.M.C.,
thus giving scope for aftward C,G, movencnt vwith further development of the
type providing of course that other aspechs of handling remain satisfactory.
This is in fact the casc - see the 2n1 p-rt of this Report.
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4 further possibility is that by exploiting these further aft C,G.'s
by fitting rear bnllagt the general level of stick force/'s' could be lowered d
immediately to some extent (giving at the practical forward C.G. of 30.1% Z#
5.M.C. a reduction from 21 1./'z' to 19 1b/'g' at the Service limiting speed R
of 320 Imots I.A.S. ); however since pilots did not consider that the loads s
on the elevator were excessive in manoeuvres, this may not be worthvhile. a .

It may bhe noted that even with the af't shift of C,G. discussed in the
last parapraph the stick force/'z! at the practicel forward C.G. is further -
outside the proposed new requirements thon it waes at the present practical
forward C,G. in relation to the AP. 970 requirements. It may be noted also
thet even at aft C,0.'s the range of speed at which the stick force/'g' values
are within requirements is considerably reduced by application of the new
proposals.

5.2 Stick forces in turns. The stick forces in turns increased
progreseively with acceleration, and there was no tendency to tighten up to
the normal accelerations used in these trials, In fact the tests showed
similar charocteristices as found on previous talliol aircraft. 4s stated in
para. 5.1.2 ovilots did not find the forces too heavy.

5.3 OQut-of-trim dives. The AP. 970 requirements for out of trim dives
for the Sen Ballieol are that "the elevator control force should increase vdth
speed and at the design speed (i.e. 350 knots I.4.S.) should be a push force
of lecs than 35 1b.". Trom the results cobt~ined it appears that these
requircments chould be met for the 't C,G. without external stores, but at
both the proctictl forvrard C.%. ~nd the aft C.G. with external stores the
requirement is cxceeded nbove 310 imots I.4.8. and 320 kmots I, 4.S. respectively.
It should be noticed however th-t -t the limiting speed for Service usc of 320
knots I./4.S. the maximum force invelved even a1t the procticnl forward C,G. is
not greatly in cxcess of 35 1b. (i.u. 40 1b.). .lso required by AP, 970 is
"that on relensc of the control columa the normnl acceleration sholl not exceed
the design norm~l acceleration’, Ilds requircment was met at all three loadings
up to the maximum speed tested.

It mey be noted that all thesc teskn wrerc made with the radiator flapin v
"auto"; it is known hovwever thot operation of this flap has li-tle effect on
longitudinal choracteristics.

#iith reference to the Jdiscuszion in parw. 5.1.2 dbove on stick force/'g'
and the possibility of using C.G, positions beyond the present aft limit it
may be notcd that brief out-of-trim dive tests srere reported in the 3ist
Part of ALEE/E52 on a Zallicl Mk.Z vwith a springs in the elevator circuit, and
otherwise in similgr configuration to the Sea Balliol, and showed that this
characteristic was satisfactory at least as for =ft as 37.3% S.M.C. under-
carriage up.

6. Conclusions

The stick force per 'g' at low altitude was within the limits laid dowm
by AP. 970 at speeds up to 125 knots I.A.S. at the practical forward c.g.
(30.1% S.1LC.) and 250 knots I.A.S. at the present aft C.G. (3435 S.M.C.)
exceeding the upper limit at higher speeds.

Pilots considered thnt although the results were in some cases above the
limits the elevator loads were not too excessive in manoeuvres,

The out of trim dives up to the limiting speed were satisfactory in
that they were within the 4P. 970 limit, except above 310 knots I, 4. 8. when
the elevator force at the proctical forward C.G. exceeded the limit, and
above 320 knots I.4.8. at the aft c.p. limit with external stores, «

4pplication of the proposed new stick foree/'g' requirements of .ALEE/Res/
270 would per it the aft C,G. limit to be extended,if necessary,to 36,05 \
S.M.C. undercrwringe up, md such ~ C.G, would also be satisfactory from the
point of view of out~of—trim dives.
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Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944

Fort Belvoir, VA 22060-6218

USA

AD# ADO020262
Date of Search: 29 July 2008

Record Summary: AVIA 18/3634
Title: Sea Balliol T Mk 21 VR.599 (Merlin 35): longitudinal manoeuvrability at ow altitude
Availability Open Document, Open Description, Normal Closure before FOI Act: 30 years
Former reference (Department) 852/1 Pt 3
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.



