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3rd Part of Report No. L,,/852/1

AEROPLANE AND aVIEdNT P.RI.flUNTAL ESTaBLIShINT
BOSCOLDBh DOMN

Sea Balliol T. Mk.21 IVR.599
( , erlin 35)

Longitudinal manoeuvrability at low altitude

A. & A. E. E. Ref: k;M-/5702,Jj/i 0/G.KVI
,. 0. S. Ref 7/Lcft/6421/l/RDN2(c)

Period of test February - ,arch 1953

Prorresc of issue of Report
Report No. Title

VR .596
Ist Part of -J-B/852/1 VR.597 A further deck landing assessment

VR.598 and Initial carrier trials.
2nd - do - V. 599 General handling.

Swmy

-easurements of stick forc,- per '-, stick force in turns and stick
force and acceleration in out of trim dives have been made at low altitude
on Sea Balliol T. lik.21 VR.599.

The stick force per 'C' at lo: altitude ,°-%s rithin the limits laid
dorm by ;2. 970 at speeds up to 125 knot, I. A. S. !t the practical forward
C. G. and 250 knots I.A.S. at the aft 0.G., exceeding the upper limit at
higher speeds. Pilots considered that althouc'h the results were in some
cases above the limits, thu ulevator loads were not excessive in manoeuvres.

The out of trim dives up to the linitin; speed wore satisfactory in
that they wore within. the AP. 970 limit, except nbove 310 kts. I.A.S.,
when the elevator force at the oractical fo-ward C.G. exceeded the limit
and above 320 knots I.A.S. at the rft 0.G. limit writh external stores.

Application of the proposed new stick force/'g' requirements of AiEE/
Res/270 would permit the aft C.G. limit to be extended, if necessary, to
36.C S.0LC. 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 authority of

Comm-nnding A. & .E.E.



I * Introductio,

Hanidline trialo wore r(,quiruJ. to bu iiiado on Sc.r Yltliol T. ik. 21 VR. 599
at this ;stfxblishmont to obtain %~ C. S. (A) rulc-sw f'or tho. nircr,,f t. The,
tests consisted of check hrpndlinr trials to be comrverd ,th thu Bnliol
T M:. 2 which hadl rlrerady bc -:ai proved nnd foundi to bi- accepl able.

Parxt of theo tests con.--istul of' rietsurin- -tick force pcr 'gstick
force in turno rmd stick force rund tccclur- tior, on relo-zt, of thc stick fromr
out of' trim dives, iat varPious, loradinrs. Thc. rcuulto- of th(ese tests form the
subject of thi.- p-xb of the -,2caort.

2. Conition of -'ircr.pft reluva nt to tests

L. Genurd. Thu :%ircr-.ft -,-rPu dcocribcd in the 2nd p-art of' this
IReport but for easc of r-A'orencu c(rtain Lde.t-ils rclcvnnt to teots arc
repea'eJ. below.

2.2 Yirfr ,me limitations. The follo7,,injr limitations have been extr!'ctcd
f rot, R. D.(A) 'Form 13 i:'tud 1H. 12. 52: -

Maxiru:, pe-rmi ,-ible speted 350 kn~ots I.YA. S.
K=,dmun perr.i Aible accueromftur rea~ding!
at a xwei~ht of 8950 lb.5g

2.3 Dcta--ils of tdilplane rxii elevator. '- he tatilplane eltevator -nd
trnsizdcin t-.bs *,.%ro I.ct1 coverei --nd tr. is nilhorn bl.1,nce.

G-ross -rea, taoaea lvxator 51.4 sq.ft.
Gros-, area of cleva ter 11.i q.ft. zc~r side.

Araaft of hin, -. lime 9.43 sq.ft. pe-r side.
Arxca of horn for,x.!r of -hin,:u 0.77 sc..ft. Dt.r side.
A rea forwnrd- of hi;:c (txclu.,in -hjrn, 1.2 sq.ft. p,:r side.
Irea of 'I tabs aift of lhin,-e (t-.,- 1.4"o sq. ft.
Ele-vator: stick -u,.-in - 0. 235 rrtls/f t.
Blevc.ator rax-el 24.-7L _U p 12 dovin
Elevator tc, travul 6. 9C UP 3. 9 0 down

2.4 Lca~an-s. .Tne to.zs r caariedI out at the folloainr- ta.ku-off
loadin--s: -

Lopainw Trdke-off C.CG. Position in inches -.ft of latum -nd cSMC
NO. '-eight Undrc-rriia -rwn tnecrieupRemarks
___ 1 b. Inches 5S.M,.-C. Inches Is.m. C. ______

1 8,970 31.2 29.8 3-1.4 30.1 Practical1 f-dd.
limit.

2 8,695 34.4 34. 0 34.6 34.3 Aft limit.
3 9, 1 20 311.11 34.0 34.6 34.3 Ift limit ii-

____________ ________ _____ ____________________external star s

The desi,- 0$G. r--n[re w-s from 27.5 ins, to 34.4 ins.,:ift of datum (i. e.
25.0,o to 34.0,', S.I..c.) underca-rria ge down.

Thu externAl stores c-arried,a for loading 3 were 8 x 25 lb. flash bombs
under the v.-rn,-s.

2.5 Instrumentation. AlJl rendings quoted in this Report were obt-ained
visually by pilots from calibrated instrume-nts. These were: -

A. S. I.
Al1tbImeter
Kolloman acceleromuter
Stick force dosynn.

______________________________________13 ____________...

xe This is t~i ooaimur, norm-l acceleration itttained during Contractors tests
at weif-ht of 8,600 lt. DV shuuld be noted th:At hv ei~ maximuni normtal
acceleration f or this aircra-ft (ni) is 6 .7c.
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3. Sco-p of tests

3.1 Elevator stick force and nonwnl accelerations were measured in
accordance vith the technique of -t.A.E. Report hero 2223 in pull outs from
strair-ht triiniud flight at heir'hts between 3,000 nd 5,000 ft.

The tests wer c-rried out over the speed rtnge 85-335 knots I.A.S.
and the pull-outs made at %ccelerometer roadings vary-ing from 1. 6g at low
speeds to 3.51 at hi-h speeds. Tests uerL made at loadings I and 2.

3.2 Elevtor stick force -nd accelerometer reatdinr, were measured in
stead,,,- turns -it constant speed from trinmed level flig,-ht at 5,000 ft. at
speeds between 90 and 200 )roots I.1 .S. Tests were made at loadinr', I and 2.

3.3 lovator stick force in out of trix, dives nd accelerometer
readin-s on rcleose of the stick were mesured up to a speed approaching
the limitin- speed. The tests wore nrdo vith the aircraft triumed for
level flight ott 175 laiots I.A. S. (i.e. h.lf limitinr diving speed).

These ests were madc at both lo-dinis 1, 2 and 3.

4. Results of test.s

4.1 Stick force per ','. The aircr-,ft wa trined at various speeds
over the sneed rxirc ccv'red, usin,- maxinuxun. continuous cruising power i. e.
2100 r.p.m. + 4 lb/ q.in. boost. Undercar-iage and flaps were up, airbrakes
in anti the raii.ator flnp set ;,t 'Iauto". Values of stick force per 'gI
obtained from these pull outs atrs shon in Fir. I plotted a -inst indicated
airspeed in knets.

The s~icc forc;/'-' for this aircraft vN-rieo linearly a t both C.C. 's at
which tests were made, At. indica ted airs'ue,]. At the practical forward
C.G. the stick force/'.-' vanei, lineanly from 11 lb/'g' at 100 knots I.A.S.
to 22 ib/'-1' at 335 knaots I.A.S. and at the aft lmit varied linearly from
6 lb/'7' at 120 knots I.A.S. (the lcw.;est sreed tested at this loading) to
15 lb/', at 52.0 knots I.A.S. (the highest speed tusted).r -By reference to
Fig. I it can be seen thit at the -ft C.G. the stick force/'r' was of the
order of 6 lb/',-' less thon -t the trictical for-.ard C."'. Rough checks of
the stick force/' -

' were made w'ith fl--ps ind undercarrige dorn, airbrakes
out, Dower off, -t both C.. 's. Those results have not been plotted in Fig. I
but the few points obtained in,icatcc th-t these rults also increased
linearl- for both C.G. 's but -,r, some 1-2 lb/'i-' higher over the speed ranre
125 - 250 knots I.A. S.

4.2 Stick forcez in turns. The -ircraft w-as trimned in level flight at
va-rious s-edz and -irorer ft confi-urations as de:tailed in the table riven
belw-. A steady turn ":as then m-de amd .e steady airspeed, accelerometer
readin7 and stick force to maintain conditions recorded. There ,as little
difference in the stick force required for simil r turns in either direction.

Lccelero- Elevator Direction
Trimmed fli.-ht meter stick force of turn. Remarks
conditionL re -din'g I lb. Dull.

120 kricts I.A.S. Poer 2650 1.8 7 Turn -port
rpm + 7 lb/sq.in. boost 1.8 7 Turn stbd.
Flaps ,ind tmderc-_ ri-.e up.
150 knots I. A. S. Porwer 2000 2.11. 10 Turn port
rpm + 2 lb/sqin. boost. 2.4 121- Turn stbd.
Flaps and undercarria!e up. _
200 knots I. 1. S. Power 3000 2.6 18 Turn port
rpm + 9 lb/sq.in.boost i.e. 2.8 19 Turn stbd.
operationl necessity power.
Flaps and undercarrigfe up.
120 knots I.!.S. Power off. 2.0 7 Turn port Full port
Flaps and undvrcarrijc u-. 2.0 1 O.. Turn stbd. rudder trin

required +10
_lb. foot force

A) Iio.s L.L.6. ±-'owexr" Very sli-ght Turn port Shuddering
r-om. 0 boost Jull er Turn t. occurrd.

aYp". wd wiqdjrcnt-ri-- a '- - -- - - -r J



4. 3 Out of trim divus. The, aircr-ift vrto tranuned i luvel flight ut
5, 000 f t. at half the liinitin", divinr spued (!. v. 175 knots I A. S. ) with
flaps and undercxrrige up, airbrrtkus in raid railiator flap set at "a1uto".
The aircrnft vins clir.Ibed -to a tiu±ficient huif'ht above thQ test hui'ht and
then put into a divu untbil the rf.quirufd vot.cd wia- re.:ached !,t about the test
hoighbt; the stick forcu to hold this t,,ry apoud bting recordoed. The stick
was released a t the test hoi,-ht and tht. acceleromete'r reqdin7 noted. As in
previous tests on Balliol rtircr,ft difficulty w.a-, uxporiencod in achieving
the higher speeds, even in rrolon,-ed st cup dives --ni in fact the lesign speed4
of 350 knots I.S. wais notrechi

The followig t-ible gives the results of the tests -anl plots of stick
force V I.A.S. knots an-i cceleromete-r readrinc V I.A.S. knots are show-,n in

I. A. S. Stick force Acceleromette
Lordin,- Knots. Trim ,'ettinr,,s lb. push readini g~

175 0 1.0
No. I pr 'cticiJ. 213 Elvv. ricutr -d 10 1.5
Forwr'x2. "Linit. 250 lb 1.6

280 ,ileron: nuutrral 24 2.3
295 33 2.6
3'1 Ruddelr: 1.6 div. stbd. 39 3.0

__________ 325 ______________ 41 .

175 0 1.0
No. 2 A'ft Lint 200 k4Z 1.15

220 1Euv: 0.5 uiv. J.D. 7 1.25
240 I. 1 . L
260 Aile.ron: 1.4 liv. s;tbi, 16 2.0
26i0 20 2.4
300 'Ruflr: 1.14. :IiN. itb.. 30 2.9
320 30 3.1
340 ______30 31-

0041, 1.4
2 zluv: C, . ~ 1.6

NO. 3 Aft limidt 22 5 - 13 1.9
w;ith eXt~rna l 25 j iee: lv :r 14 2.5
2torcs. 271 " 2.3S

295 Ru icr: -livs. .stlb-. 2~ ±-2 3.4
3*15 33 3.9

_________335 ____________ 37 4.0

Recovery Yr'.s ;uite rtr.irght fc~r~t-x -t 5,000 ft.

5. Discussion

5.1 Stick force per 'gl

5.1.1 General. it is -,mphasized th-t in the stick force/'g' tests
recorded in this Report, "tine-histories" of the pullouts -xeru not obta.ined
as is the nornaLI pr-Lctice of this Estblishment, the results being based on
pilot-- re-adings of a stick force desynn and a, Kolisman accelerometer.
However a fairly large number of points were. obt.-ined at each C.G.

The C.G. rqnge for the Sea Balliol is morte aft than the rangc that was
covered by this Establishmrent in me~isuroents of stick force/g'1 on a
Pallil '..:2 (ref. 18th prtrt of Report N~o. AAEiE/652). However the practical
for;7-ard C.G. used for the trials on the Sea Balliol (i.e. 30.1j;S-1!.C- u/c up)
was approxinatcly comp.arable -aith the aft C.G. (i.Le. 30.4;o, S.M. 0. u/c u.p)
used during the tests on a Blliol 11k.2. It can be seen that from these
results tho stick force;/'g' is appreciably higher on the' Sea Ba].iiol.

No reason for such ai differcnce iL, 1]aiovn since no chianges, aerodynamically,
have been madte to the S .a Dallid 2: 2 corrn-trud writh the. lalliol 14ik. 2 whichi-
would be expeocd to effect the stick forcue/F' (It wrill be appreciated that
the spring inserted in the Sea- BPallil 1k. 21 Is elevator circuit should have no
offocot on a cons;tnt spee d uuaidi~r itehs t otick fr/'; test other than

/any ...



any small change :n hinge moments from the no,: tab ngle.) More detailed
bests using a continuous recording wore not considered justified since
pilots did not consider the elewtcr stick loads to be excessive in manoeuvres. -

The results obtained on thu Sea B-lliol Mk.21 are discussed below in
relation to Al'. 170 requirmuents and the oroposed new requirements of Report
No. AiAE/Res/270 buering in iriad the above discussion.

5.1.2 Compliance iriti, reouircments. The AP.970 requirements for
stick forces states th-it the force to obtaini the desi,, n value of ni g shall
be between 3.5 (14- ni) and 9.5 (14 - n 1 ). The value of ni for the Sea
Balliol was 6.7 g -,ivin,- stick forces of 25, and G9g lb. or, in terms of stick
force/I g, 4.5 ra d 12.2 lb/ I1

I.

As wtill be seen by reference to Fig. 2 the results at the practical
forwtard C.G. were w ithix these A?. 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 uo to a speed of 250 knaots I.A.S. but above this
speed also excee.ed the uoper limit.

Also included in Fig. 2 are curves mivin:g the low.er and upper limits of
stick forco/'g' derived from the nuested ne-- requirements of 1AAEE/Res/270.
i.e.

(a) in the re,-ion ,.-here aiJole lift is insufficient to permit nIg
to be reached (i.o. at Ia,, soeed:) a lo,.-or limit of stick force
corresponding to 3 lb/'g'.

(b) at higher speedo than in (-%) a laier li of stick force as
alread " in Il'. 970 i.e. 7.5 (14 - 1-1 ) -nd an upper limit of
6.5 (14. - n-) i.e. for t.e 2c, alliol L7-. lb. (1.3 lb/fg').

In producin-7 these curv-es lIcrli-e of tle st%_Klin speed in equivalent
airspeed is strictl y necesz: i sii-ce VVal is the speed at which condition
(a) above is replaced b., condition- (o). : ninfcriration is not available
for the Sea Blliol since presure orrcr tests havt. not been made to the stall.
A stalling speed of 65 knots, fl-po i tun-icrcarriagc up, has therefore been
assumed (bearing" in mind the hil-"or pcier 'ettias which need to be considered
in connection w;ith stick forc/',' tI:ts), it -,ill be appreciated that the
actual value of stallin- sseed assumGd is not critical in the present connection
since variation of this -ll merely shift to a rather higher or lower speed
the changeover point from condition (a) '; (0).

It will be noted that on the assumption made, and also assuming that
stick force/' g' continues to var- linearl with speed at lower speeds than
those tested, the stick force/'.' at the aft C.G. -34.,3 S.MIC. ) vYuld be 3 lb/
t g' at about the stallinf speed assumed, thus meeting precisely the proposed
new lower limit for the region here win!7 lift is inadequate to produce ni g.
Clearly however it was not intended that this new low.- limit should apply right
down to the flaps and undercarriage up stall, but only in regions of speed where
the aircraft rill need to be manoeuvred. It is considered that the spirit of
the new proposal would be met by -orking to it at the lowest speed at which
the aircraft w,%ould be expected to be manoeuvred frequently i.e. the climbing
speed. This is 120 knots I.A.S. up to 3,000 ft. reducing-by 2 knots per 1000
ft. thereafter. Assuming therefore a mean climbing speed of 110 knots I.A.S.
a stick force/'g' of 3 lb/'g' .-rould be adequate at this speed. In fact the
figure at this speed at the aft C.G. tested is 5 Ib/'r', ond t.us stick force
/'g' characteristics would be satisfrctory at rather more aft 0.G. 's than 34.3%
S.MLC. If' the vriation of stick force/' r. Yith C.G. position is linear, the
aftmost acceptable 0.G. position from this point of view would be 36.Cr S.M. 0.,
thus giving scope for ,ftw'ard C.G. movei-icnt with further development of the
type providing of course that other aspects of handling remain satisfactory.
This is in fact the case - see the 2n,1 p-rt of this Ruport.

I
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A further possibility is that by exploiting these further aft 0.G. 's
by fitting rear ballast the general level of stick force/pg' could be lowered

____ innediately to iome extent (giving at the practical forward C.G. of 30.1%
S.MC. a reduction from 21 li,/'g' to 19 lb/'g' at the Service limiting speed
of 320 I-mots I. A.S. ); howrever since pilots did not consider that the loads
on the elevator were excessive in manoeuvres, this may not be worthwhile.

It may he noted that even with the aft shift of C.G. discussed in the
last paragraph the stick force,/'g' at the practical forward C.G. is further
outside the proposed new requirements than it was at the present practical
fonvard .G. in relation to the AP. 970 requirements. It may be noted also
that even at aft C.G. 's the range of speed at which the stick forcc/'g' values
are within requirements is considerably reduced by application of the new
proposals.

5.2 Stick forces i turns. The stick forces in turns increased
progressively vrith acceleration, and there was no tendency to tighten up to
the normal accelerations used in these trials. In fact the tests showed
similar charactcristics as found on previous Talliol aircraft. As stated in
para. 5.1.2 pilots did not find the forces too heavy.

5.3 Out-of-trim dives. The 1P. 970 requirements for out of trim dives
for the Scai Balliol are th-tt "the elevator control force should increase with
speed aid at the design speed (i.e. 350 knots I.A.S. ) should be a push forne
of less than 35 lb. ". Frcn the results obtained it appears that these
requL-cments should be met for the aft C.G. ithout external stores, but at
both the practic"l for,-a-rd 0.1,. and the aft C.0. rith external stores the
requirement is exceeded aCbove 310 !nots I.A.S. and 320 knots I.A.S. respectively.
It should be noticed howaever th-t -t the limiting speed for Service use of 320
knots I. A. S. the m-%ximum force involved even ait the prmctical forward C.G. is
not gretly in exces: of 35 lb. (i.4. lb.). aso required by AP. 970 is
"that on relea.sc of the control column= the normnl acceleration shall not exceed
the desirn normal acceleration". This requirement was met at all three loadings
up to the maxinmt speed testecd.

it may be noted that all these t, t ;ot rc maie with the radiator flapin
"auto"; it is kaono:mn howevur th-it oaerztion of this flap has li-.tle effect on
longitudinal ch:racterirtica.

With reference to the discu sion in para. 5.1.2 above on stick force/'g'
and the possibility of usin7 C.G. positions beyond the present aft limit it
may be noted that brief out-of-trim dive tests were reported in the 31st
Part of kLM/52 on a Blliol lk-. 2 rth a spring in the elevator circuit, and
otherwise in similar configuration to the Sea Balliol, and showed that this
characteristic was satisfactory at least as fcr aft as 37. 31 S. Mi. C. under-
carriage up.

6. Conclusions

The stick force per 'g' at low altitude was writhin the limits laid down
by AP. 970 at speeds up to 125 knots I.A.S. at the practical forvard c.g.
(30. 1% S. .C.) and 250 knots I.R.S. at the present aft C. G. (34. 3 S.M.C.)
exceeding the upper limit at higher speeds.

Pilots considered that although the results were in some cases above the
limrits the elevator loads were not too excessive in manoeuvres.

The out of trim dives up to the limiting speed were satisfactory in
that they wore within the AP. 970 limit, except above 310 knots I.A. S. when
the elevator force at the prnctical forg.arcd C.G. exceeded the limit, and
above 320 knots I.!.S. at the aft c.g. limit with external stores.

Application of the proposed new stick force/'g' requirements of k'-JE/Res/
270 would per it the aft C.G. limit to be extended,if necessary, to 36.0V
S. 4 C. undercarri .ge up, and such a C.G. ;.ould also be satisfactory from the
point of view of out-of-trim dives.
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