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R. &0 Pro
s ()
__Report No, H
2nd Part of AARR/861/2 VX181 Cooxpit apreaissl,
xa -d0 = VX181 Handling st ths Design 4ft 0,G.Posiiion
Ath -=do= VX181 Handling Trisls st the aft C.G, with
Wing Tip Tanks,
Bth “wdo= VX181 8talling dpssda on Canbe:ra Alroreft,
6th &= VX,181 Murther Comments on Cookpit Comfor:
. ' and Mandling arising Zcom Osatel
Benito Trisls, . :
b '
Swmary

Previous trials on the Canberrs FR 3 VX 181 hsd indiouted thot its
latersl and directional behoviour might preclude the flying of un soo:rate
oomposs ocourss ond might well sdversaly affoot ita usefulness for
photography in the survey rols, PMurther menciromonts have now bean mado
to find the effects of height, sirspeed, and ouafigurstion on ths luteral
end directional boheviouwr wheu eithsr the pilot or the sutopilot wns
oontrolling the aircraft,

Tha present trials ahewed that evan undor onlm edir conditions there
wers both short period osoillations and also gonoral wnandors in hoasding
and ongle of bonkk. Tho nverago mognitude of each of these disturbnnces
ot Mooh numbers neor 0,8 whilst the piloc was ottompting to maintoin the
adroraft on a oonstant hasding with wings levol by normsl uso of ‘he
three flying controls wes of the orvdoer of 1 dogrea, though maximm values
of 2 degrees and sbove were monsurod., Tho effools of froeing tha rudder
and olso of using tho standard autopilot M: § arc desoribod in tha roport,

The offects of tha osoillations and wanders on the sirarnft's
usefulnsss in ths survey rols hove besn discussed in the repcrt. It
would ‘scom from the avidenos providod that most of the photographa
obtained under oolm nir oconditions with the pilot controlling tho ndrearalt
oould be used by o swrvey mnpping sooction willing to make sllownnoes

“for up to 2 degreca of ommara tilt, In theme srma nir oconditions it ia

probnblo chat the nae e tho stondnrd putopilot Mk @ would onnble iha

ongle of tilt to be kopt within the 1 dogroe oconsiderod by hn imerionn
Engineer Laborntories na tho limit for gonercl unspping onvarsgo, any

furthsr reduction in tha unglo of tilt, olthar to mot\ tie procent Vees Offios
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poldey requir-msat of 15 uinutos tilt iimst or thy ultimcte “for Offiec
targot of 1 wliule limlt or €0 allow & rorgin for 2404 in rouhor air
oonditions, vould require furthor irproveiuiats ia oontrel, Sueh Lprovununt
my be given by a 1vdified outopdlot Mk, 9 or Ly the autorilot Mk, 10
how being duvolopod, with or without the tsa oi' somy such fovice as the
Suto=stobiliser that has beon evolved at RAE for ths climin~tion of snaking,
but it sooms probable that gyroscopic st-biiisction of thy enmera may be
required, ,

This Ruport s 1ssuod vith the suthordty of
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s AMr Coumodors
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" 0) 4a phetoprnphod instond of Aq A 43 41e 1lhe poini vertice

RESTRICTED ...

1. Introduotion ' . o

In tho 4th part of AE/Repert No, 861/2, it wrs statud that tho
lateral ond dirseticnnl bohaviour of the Conbeire PR 3 VX 181 vAthout
wing=tip tanks wes worsc thon on Cnrborrn B2 airor-~f't previously teated
ond procluded tho flying of an acourato corpass cowrsc, It wos suggested
that the wallowing or ‘dutehernlling! found ot indicatod Msch numbera sbove
0,7 might well advorssly affoot tha vhotogrophy in tho survoy rolo,

Tho more rocent photogranhie triscls modo on this aircroft at Coatol
Benito tppoared on proliminary snolysis to confirm this view. Tho nilot
roported that at high altitude thore was o continuous dutoheroll which
oould be only. partislly stopped by continuous hoavy prossuro on ths rudder
podols, Tho dogroe of concentration dumanded from tho pilot wna such as
to moke him vory tired, prrtioularly by tho ond of o 12 tb 15 minute
continuous photographic run on o ounatent hocding, ‘

aftor ths roturn of the adroralt fror Castel Bonito, continuous trace
recordings cf airoruft hending ond angle nf bank were made nt verious
heights, oirapoods, and Moch mumbers in an attempt to detormine the
oharactoristios ond magnitude of tho latersl snd dirsctionsl osoillations.
These triols forin tho subjoot mattar of this part of the report. . \

2,  Probloms .fuvolved in survey photogrephy ‘ \,

The usucl teri~) photogroph messures 9 inches by 9 inches. The oentre
of it, oorresponding to the optiosl centre of the comera lons, is marked
by o oross which 13 2oalled the 'Erincipal Point'. (zco figwe 1(2) ) Fowr
cther lines, ot tho mid-point of onch side, aro oelled 'Collimsting Marks',
Tho five marks on-eanh photograph servs as axys of refercnco in ' )
correoting tho image distonons on tho photograph to twun dintanocen,™ .

The phe.togrerhs are obtoined in serics nlomz pornllel tracks, the
sircraft courses ond positions and tha csmors opernting ainterv:ls bding .
80 choson thet tha photogrophs ovorlap ench nther on all sides, sz shown
Alagremetionlly in fimumre 41(b),

Idoclly each photogreph should be token vertically downwnrds, whilat
ths siraraft flics straight cnd lovel on o ccnstont huading, To this
ond, ths camora is pro-sct on the ground so thet 4 is vertionl when tho
oiroraft haos Ats wings lovel and ls ot on atti’ude equal to.thnt expected
‘0 obtnin during thn phatographie rum. Howevor the odreraft Aoviotes
from these 1d0al conditions for sevorsl roanona ond the effuocts ore
diacussed belowi= ‘

(s) Incorract sotting of tho crmmora from the foreeondenft vertical
means that the oren photogrovhed is in front of or behind the optimum
ores, ss 1llusteetud-in fipme 2(n) whome thc oron B4 By b Bh;r b(g!, c h03

nos :
the siroraft i3 no lengur ot the optidnl vartrs of thw lons snd this
oomplioatos tha enloulation of truo grcund uintonoes and angles from tho
photogrophie imngon and ongles,

(v) Oscillntion of tho siroraft in pitch lasds to difficultiss siniler
%0 those dosoribal in (n). It is unlikoly that it will give tho odded
diffioulty of incdoquata fore=andenft ovorlepping of the photographa,

(o) Yawing of the pireraft without cocomponying bank oruses rotntion
of the photograph s: thet points criginally on the foro=cnd=aft centre
1ina through ths cptionl centre apparr to be disvlacod from the line,

Thus %ho ores B4 By By D) of figure 2(b) 1is photugrephad inate~l of Ay Ay
Ay ‘h ond tho objoot C, orizinclly on thu foreenndenf't contre line Xy Y4,

/D0snns "

® 1t will be opprcointcd that if tho comere is tilltod, >gmal distanocs
on tho photorraph 9 not nocosasrily Liply otu-l truo ground Alstonseay
this dupends on tho nocltisna of tha particulrr linus 4n roletion to tho
priroipsl peint, o T
.l‘--ba - !LL." - *;
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no .- g:r lies on tha contre lins X» Y,, This in 1tsol’ deos not
introauce ~ny errors but it is dlt‘(‘inuit on a photograph. to distinpuieh
batwoen displacomont of n point for this rocason and c displzoement duo
to the airoraft bonking, when s corrcvoticn to the crlouleted distences
is roquired to allow for thc alant viuow, It should bu notod that o
similnr apporont rototion of each photogreph mry ba rresant whonover the
NMrorrft is flying in o eross-vind roloative to thy 'treckemndoe;3nod! o
tho foroeondeaft lino through tha airereaft will iten ba nt un ongle to
the trook, though on the Canbarra PR, 3 rdrorsft muans ave provided on tio
of tho three survey onmor: instnlletions. for rotetion o¢f ths camern into
the dirvction of the trnckemnde-good, I

(8) Benking of tho oircraft orusos & displ:\camonk of the aroa
photogrophod to cithor side or tno intondod croa. Tius in figure 2(o),
.. the nren By B, By B, for exwinl., is photogrophed dnshord of Ay Ap Az Ay.
Tho aifficultios infroduced aro thoss nlrundy givon in paragrsph (o),
nomly tho cumpliontion of the osrrections to distnnco, hut thore is also
tho coafusion likely to ariso with the ynwing onse considorod in paragraph (o',

Diffioultios duo to diverganoes from the iddal met of swrwuy |
photographs ocomo under two main sootions, firstly tho ohangoa that \pvnn
ooour botwoan sucoussivo photographs ond whioh will mako more diffioult
the mnrrying togother of thase photogrophs ond soocondly the long torm
chongas that oon ardaso botveen tho beginning nnd ond of'; sy, & 15 minute
survoy run, such as for instsnce two allegudly parsllel tracks on oprosito
hordings divorging so that finnlly thore is inodoqueto ovorlepning of the
photor ‘ophs in tho two trocks,

e

This part 6f 4o roport donls with tho chwonpea that con ccour betvroen
succesaive vhotonrnaphs, Although onch of the divorgoncss (a) to (4)
obove might bo orpceted to ocour togethor, nttentioh hns buen concentraved
on the laternl and dircetional divargonoos which hnd slrcody beon the.,
objoots of oritiociam by tho pilots, To help in petting the vorruct
porspootive of thoao Alvergonons, it is Lmportant 4o know the tine intorvals
botwocn suocessivo photographs, The following t-bla mives th. tdme
intorvals in seconds for various hcights nnd ground speods whon the ¥.49
oamora hom tho 6 inoh lons whieh is likoly to be uscd in mch of the survey
work ond o 60% ovurlap of nsuccessive photoprphs is requirods -

\

K< Ground
\\@ood ]

Height (knots) | 200 | 300 | w00 | 500
l(Luot) ey -

) I ' Tﬂ,_g(m intorvel (sanondn)
Jap0c0 - 18 ) 12 | 9 | 8
20,000 % | 2 | 18 16
140,000 [ 92 | 18 | 3¢ 3z

With a 42 inch lcns those intorvels arc helved nind with o 24 insh
lans hAlved ogoin,

3« Conditinn of tdropnft ruluynnt to tosts

3.1 Gonorsl. Tho rircraft wns s describod 4n the 1at port of this
Reyort, 7ho wAngetip trnks used wore 65030 (.ort) rnd 55006 (strbonrd),

3.2 Lg.atr\n'\mt*tin « A Nuasunat (A 20) .rr.oprgﬂ 3 unod k. riva
continuous trneis of the oh.nros 4n thy nirnr',x‘t/‘\h‘. Rﬁnl.c of brnic
indieated by n Gurmen 1%.1 B gyrorcope (for furth.s dut-dls sea 3%l port

-
- '/"“....
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of Report &akr/666), The rocorde: wes gat tc zive o trace length of
opproximotely 1 nillimeter per .second,' and trensverse sccle displacetonts

of 2% :d_.uimtrca per logree chango of handing or aagle of bank,

It should be notod thot the gyroscope remnined "ooged" until thy
roquired trimmed econditions had baen resohed, with the sireraft flyinz os
neorly aa possible on n ccnsiant hooding with zoro bonk sa indloated by
tho GLP compass end the ortificiny horisen, Tiw yroscope was then unoaged

o the ainglo tvat and wna thon reecazods Tho unoaging of the gyroscopo

occupied soms 2 to 3 smcoonds and it wes imdoasible therefore to assert that
the apparent zern datum showing on the Hussunot reocrdings did in faot
oorrespond to gere angle of bank ond zaro changs of honting, even if thero
were means of moasuring thoss ongles scourately in tho initisl cerdfully
trimed oonditions,

The prooeniogt of tho myroascope wea assessed by bonch colibration as
osusing asparent ciunges of 1 degrce por minuto te port in hoeding ond
1/5 degrao por minuta to port in anglo of bank,

3.3 ﬁ roraft %%gﬁgn. Tho aireraft woizht ot tokoe=oft whon tip=-tonks
wero od wos )8, bs,, with tho C,G, at 0,247 S.M.C., undcrosrringe
down, (0,245 S,M.C., undorearringo up), The corrcsponding volues without the tanke

fitted worc 38,090 1bs, ond 0,246 8,X.C. (0,244 8.).C. undersorrioge up).
Tho design C.G. rongo, undorcorrisge down, was 0,211 to G,30 S.).C.

b  §ope of togts . : \
Al). tosts wore malo in atocdy trimwd lovel flight undor calm adr \\\

conditions (~ith ococcsionsl poréoda of turbuloncs) at indiocsted Mech .

mumbors (LM.N.) of C.7 to 0,8¥%, : _ '
Without winpetip tenks fittod, the toats were med: ot 10,000, 25,000 .

ond 45,000 foot, with thu pilot attoupting to mointadn tho odroreft on o
oonstant Mrdingit/hg/mrmnl usc of adlurons and rudders X

With tip tonks fitted, tho tests wero msdo ot 25,000 ond 45,000 foet
only, os at 40,000 foot tho limiting adrsposd for vhia configuration would
be oxocodod at 4ho Mooh numbers considored. Tho trials st thoss two heights
wore axtondcd to £ind the offacts of using tha }k,9 nutopilot and nlso to
deterrine sny ohonges coussd by the pilot lecving the ruddor free ond
controlling ths herdinz by odlerons olone,

5. Rosults of tosta

5,1 Goneral. Photographio roproduction of the Hussonot troce
rooordings orc given in figures 3 to 9; ther have boen reduced fron life-
size in the rutio 2,45 to 1, except for figure 7 which was reduced by
2,62 tu 1. It should te noted that at the start of ench reocrd, the trnco
of alrereft heoding is abovo thet of ongle of bank,

The tracos show that thors wns s fundamentnl short=period oscillation
in both heoding and _ benk, ssch oyols ocoupyinz some 2 to 4 seoonls, In
nddition there wera more rondom movomants in heoding and bonk, which wili
be reforred to subsequently ns general directioncl wondor and genornl lotcral
wondor rospectively, It should bo noted that, in qiving the.mognitudes of
theao wonders, tho short-porio? osoillotion hns boen excluded, /b °

w AT the fcot of onch rooora nre dots which cro mode at 1 socond intcrvals;
avory tenth dot is omittul so that 10-socond timo periods rro roscily

disoernidlo,

4 To obtain true Hsch numbers froa indicnted Mooh numbers for tho spoods
tosted, nad 0,005 at 10,000 fuct, 0.C1 nt 25,000 fest and 0.02 st 45,000 fest.
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Tho tosts worc made 4n nominally eclm ~ir conditions, However
patches of cloar air turbulcnesc werc mot, ovon at 45,000 foot, and tho !

corrasponding amall suctiona of' individurl reecords have acoordingly beon
omittad from tho osnalysis, any valuos given below oon thorefore be tck':ml

or opplying-to ocalm sir conditions,

It 1a cmphosired that the conclusicns drovn in tie roport are dorived
by visual intorpretction of the various curves obtained from the Husaonot
trooo rooords, No rigorous anulyasis by statistical mthods has been mado,
nor hoa any lovel of significanco boon nsoribed to the vonolusions,

5.2 Shorteporiod direotional osgillation, The wsgnitudes of the
oscillation in the verious conditlono of flight are given in Tobles 1 ond
2, Twe valuca oro givon, one tho avorogc ns assossod visunlly, tho other
the maximum ocourring within tho Qeminuto poriod of tho rocord. Figure
10 summorises the information for tho oondition whon tho pilot wos
oontrolling tho airecraft by nilerons, rudder ond eleovator in asn ettompt to
mointain lovel flight on o oonstont heading, It will bo seen that thore
was an inoronse in the mognitude of the oscillstion with inoroasing Mnoh
mumbor prosunnbly bouvause of tho associatod inoracse in oirfroeme buffoting,

The main dotaile of' figuro 20.are reproduced in tho following toble,
tho vales B5ing givon to tho nesrost quorter of o degree. The Mach numbers
“shown do not roprosont tho limits tostod but orc choscn os boing valucs
:ostod n? 0ll altitudes (slight oxtrspolotion is howovor roquircd in ono
nstonos)e ' ‘ ' ‘

Indicatod | Doublo=omplitude of
Wing tip| Beight Mach oscillotion (dogrccs
toenks, | (feot) number [ "Averapge exirum
10,000 |_0,72 0 i
0,79 % 3
OFF | 25,000 [--Ou12 0 %
' 0,79 1 2 ‘
S 0 s P
15,000 |~ =
0,79 ¥ 3
: 25,000 |-ttt - i
0,72 ; .
0,79 32

The :Gorrosponding valuos obtainod with othor forms of control hove

not boen inecluded in this figurs 10, Novortholoas from teble 2,
conoorning flight with tip=tanka fittod, it mcy bc adon that whon tho
pilot was controlling tho niroroft honding by ailorons only, loaving 4ho
ruddor free, thore cppoored to be no sppreelablo chongo in the nmngnitude

. of the oscillotion et oither 25,000 c» 45,000 fcat, tho only two oltitudes
toatod in this configuration, Whon the outopilot Mk.9 wna usod, thuru
wos 1ittlo change in the mognitude of thu osecillation at 25,000 foot but
thoro w.a apprrontly somo roduction at 45,000 foot, At O.','?S indicntod
Mooh munbor tho roduction coturlly sbtainzd wrs from 32 to 70 in nvoram
valuo ond 1° to 3° in muodmm valuo, and at 0,74 ond 0.715 indiectod Much
numbers the cscillstion wos climinated (sriginzlly 10 avernge nnd 32 maxirno:

volue ot onch speed). A he




-8-

The effset of oir turbulence upon the oscillatic: con Lo clsarly
scon from the Husacnot tiooes, the corrcsponding periods being indicated
by tho lotters T.A. Whon turbulonce was cwt, thoro was on Lumdiote
inercavo in vhe soplitude of the oscillotion, mounting in some inst_nces
(for ‘cxarplo! :igure 5(c) ), to & doubling of tha criginal nmplitude,
After the turbulence stopped,™ it seemed that it took some 5 to 19 seoconds
(2 to 3 cycles) for tho osoillation to return to its original lavel,

The period of the oscillation veriod with height and Mach number,
The valuas are given in figurs 14 for all the oconfigurations teated, At
10,000 foct the poried por oyole varied from 2,3 seoonds at 0,77 I.iLN,
to 2,6 acconds at 0,70 I.M.N.; at 25,000 feet trom 2,6 seconds at 0,81
LIN, to 3.1 seconds at 0,71 LM N,; ot 45,000 feet from 3,5 ssocnds ot
0,805 LI N, to 4.5 +200nds at 0,71Y I.M.N,

" 543 Genersl directional wender, From =sch record & new trace wos
prepared by eliminatﬁg» the short period osocillation, The gencral direct~
donal wonder wos thon assesscd by the varistion of heoding, es shown by
this modified troco, within o timo. poriod dopondent upon the ocsmera

photogrophing interval,

Indicoted Mach numbers of 0,70 to 0,80 corrospond to truo sirspeads
of apprcximntely L45 to 515 knots ot 10,000 feet, 425 to 485 knots at
25,000 feet, ond 410 to 465 knots ot 45,000 feet, To reduce the computste
ional work, meon srueds of 480, 455 ond LLO knots hove been considered ot
the throe heights respeotivoly, giving appropriste camors intervals of
8, 17 ond 3 soconds for tho F,49 comera fitted with the'6 inch lens,

(for convonisnce in annlysing, 18 soconds wos used ot 25,000 foet instend
of 17 sooonds),

The volus of tho hecding wos takon ot 2 = sccond intorvals of the
roecord and the chm v of hosding then found for cach period app: .priate
to tha ocsmora operating intorvel,  Thus vt 10,000 foot, thc change of
hosding was found for eoch 8 = sesond period, nomoly O to 8 scnonds,:2 to
10 seconds, 4 to 12 seoonds and so onj similarly for oach 18 = suco
perdcd st 25,000 feet ond 34 - socond poriod ot 45,000 feet. Eooh record
treatad in this way gsve aomo 50 soporatoe poriods,

The ovorsge chenge of hooding between sucoessive photogrorhs is
shomn in tobles 1 ond 2 ond figure 12, In addition, figure 13 shows the
moximum chango of hoeding likoly to oucur on obout 5% of ocoosions; this
wos found by toking-the overogoe of the maxdimum threo values ooowrring
within the opproximately 50 intervols considered in each record,

The figuros do not indioots any incronse in direcotionsl wondor with
inorensing Moach murbor, Indcod, it might bo inforrcd thnt in several of
tho oonditiunag tostod thdrs was o decrense in wonder, though the mmber
of toats was insufficient for definite onnolusions to be drawn, Thare
gqlso ssemad to be an incrunsc in wander with hoight but agoin tho evidenco

is inoonolusive, :

The modn dotadls of figures12 ond 13 relating to normel pilot eontrol
oro summorissd in the following toble, the volues boinug given to the .
neorest } degroe, The mach numbers shown do not roprosent the linits

tostad, , ,
oA

e .
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Indioated | Chonge of hoeding. (dogroes
Wing tip| Height Mach | betwoen succosaive nlgtogz‘.ghs'l
| tonks, | (fect) | number Avernge Madimom .
140,000 |_072 | % 3
077 % 3
orP 25,000 0,72 i = hE
— ' 0,79 % U ‘
15,000 |mmOel2 1 1
0,79 2 2
25,000 |__0.72 E Ak
on 0,79 1 3
145,000 j—et2 3 L
0,79 % 1

It can also be soon from figures 12 and 13 thet when tho pilot
allowed the rudder to troil froe, the directional wandor wns in goneral
no worse and was ususlly aomwha% batter thon whon the pilot attempted
to hold the rudder fixed, On tho othor hond, when the outopilot Mk,9
wos oontroll i olraraft, the wondor wos gonorally somowhat worse
than ineithor of tho othor t\ , oconditions considored.

5«4 $hort=poriod lutf-:ml osoillstion, Tho shoirt poriosd latersl
osoillatica wos more f t to analysc than thy corrosponding )
dircotionnl oseillation, This wrs primarily duc to the foot that the
movopents of tho alloron by tho pllot, elther in atcering or mointaining
his wings lavel, gnve changos in angle of bank of the first order of
rosponso ond magnitudo but chongos in hoading of unly a sccond order, The
short=poxiod latorsl ésoillation wos eceoordingly cvcrlold by the chongne
in snglo of boank deliberately opplied by tho pilot and, to & certsin
extont, wos obsourcd by thom,

. Novortheless an oascssmont hos been cttemptod ond the veluss ore given
in taobloes 1 and 2 ond in figure 14, It will be seen thot, os for the
airectional csoillstion, the omplitude inorcensed with inorecsing Mach mumber.
Purthormore, loaving the rudder free did nct metorislly change the mognitude
of tho oscillation at 25,000 feet though it may have given higher maximum
voluos ot 45,000 £t, Use of the cutopilot oouscd no chongs at 25,000 fect,
but gove o morked imrrovemont ot 45,000 foet, whore et 0,785 I.M.f{. the
pversge ond maximum valuos of tha double unp‘htude vere rodused from %°
and 13° respectively to sero,

The moin details of figur: 1k hove been swmorissd in the toble below:

/T‘blﬁnoooooooao

n Exoaluling short=perind osoillation,
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W ‘ Bodht ‘ Indicg’:od T Bouble orpiitude of \
Wing tip 3 ¢+ HWee { osodllavien (dorpes) |
_tonks | (foot) | mubor | —Avorngo  ——  Mrocimna
' L )
10,000 0.72 0 . ;
|
0,72 ‘ i 3
ar |00 L = =
' 0,79 % 1
45,000 0,72 ) A
, .
0,79 - 2
— °n79 't -
45,000 < |—uI2 x =
10729 2! 13

5¢5 g%lggg loteral wandor; The analyais to obtain ‘o gonoral
lateral wondor wos oarr out tho somo voy a8 for tho direotional
wonder, Tho valucs are given in tables 1 ond 2 and in figures 15 and 16,
the former figure giving tho avoroge shanga of anglo of 'bank butwoon

a\wco’um photographs and the.lattor tho naximur: changol 1ikoly to osour
on 5 of oocssions. ‘ ‘ Yo \ .

As with tho genoral dircotional wander. whon “is pilot was eontrolling
there wos no evidonoe of nn inorcaso in 'wrdur wilh inerocsaing Maoch number,
nor in this ocoss wns thore any noiiconble inercoss with huight. Average
wondora of obout 1¢ woro common to All hnizhts, Mech nunbors ond oonfipe
urations, and tho maximua'valuss wers in gunorol botivoon 2° 2nd 49, Whilst
1t is difficult to drow cofinite oconolus?ons oring to the sootter of the
test results,nevertholoss it npponrs, that wrer %o rudder wns loft frice,
thers wos no morkod chonge in tho magnitude of the wondor ot eny givon
hoight ond spood, but there was a noticeadlo rocuciion when tho sutopilo
wos oontrolling tho adroraft (roughly’ . reductir: from 49 to 30 4n .
avorage wender nnd from 2§° to 1° in maximm wondor)s = o

6, Disoussioy of vosultg -
6s1 Effoct of Mach mber on’the datersd ond diroctions) dieburbencos.
The crplitudes of the lotoral ond directionel siwrt-period nsoillstions
inorecsed with inoroosing Mach numbor ovor tho mouls testod (opproximately
0.7 to 0.8 irdisoted Moch number), It is possiblo that tho inorscse is
nssooisted with tho davelopmont of airframs bulfeting which booomes
notiocable at sbout 0,76 LM N,, though thero s 1ittla ovidence in

figuros 10 an® 14 to substontinte this theory, Tho poriod of the
_osoillation dooronsod with dncressing Mach mumbor (so0 figure 11),

‘ /T.mﬂ.......

% Only value anslysod in this configuration,

e
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The gemurol wondors (oxocluding these shortepuriod oscillotions)
seowd Lo by indupendent of Mooh mumber, Probobly booouse of insutficlont
test dota, some of the rclevant finures show an opprrent inerocse in
wonder with inorecsing !ach numbor, whilst other fipures show the reverase,

642 Effect of oltitude, Tho amplitudes of the short-prriod distur-
bhaonoes appeored to inorense slightly with inereosing nltitude,

The incresse with sltitude was porc swporent with the genoral
direotional wnnder but it should be remewburad that the interval betwoon
succeasive photogrepha incresnsed consicorsbly vwith altitude, fron 8 seoonds
6t 10,000 feet to 34 seoconds at 45,000 feet, There wns thus much more
time for o divergence in heading to develop., On the other han® thare wos
1ittle difference in tho loteral wonder vith altitude; in this cose, of
oourse, the_time-poriod ccnsidered would not be expected to affect the
- wander appreciably sinoe the pilot would in genorsl be muoh more oonscious
of changes from o correct lateral level than from & corrsot hesding,

6.3 Effogt of fitt £ . The fitting of wing=tip tanks
413 not appaor to ajter %ﬁe omp.t= itudos or puriofs of the shortepericd
osoillations or affeot noticeably the magnitwdes of the lotorsl and
directional wandors, It is important to note, however, thot the pair of
tip=tanks used in the present trials did not appoor to cause any mnteriol
detorioration in tho buffoting chorscteristios st high Mooh nmumber, whoreas
the originsl peir of tenks used on the photographio triols at Castel Bonito
osused on apprecisble feteriorstion, On cocssions the buffet with the
original tonks was as bod ot 0,75 LM N, ns it wos st 0,79 to 0,80 LN,
with the later tanks, It moy well be that, should tho tanks in sorvice -
deteriorate to such o levei, the degree of buffetin, rdght mcterinlly
exoecd thot found ot o partioulor Mooh number during tho prosont tricls ond
:nooord:lngh' the ncgnitude of the ahorteperiod osoillation might olso bo

orcnsed, ‘ .

6.4 Bffeot of hwing the rudder freo. A4s noted earider in the
report, the oacillations wanders he rudder fres (thot is, the
pllot's feot off the rudder pedals) were in genercl no worse, ond in foot
may hove deen somewhot smoller, than when the pilot .clomped hord .on both
rudder pedals. This is controry to ths pilots qualitctive cssessmont as
the pilot wns oonvinoed thot he wns schioving soms improvements by spplying
continuous firm preasures to both rudder podels. :

It mey have boon tha' there was soms sympothotic movomont of the
rudder during the short poriod oscillations end thet this was spporent
to the pilot -as slight rudder bor movement, In faot, the pilot could
datect arhythmioc change of pressure in tho two rudder psdals, When - -
however he applied firm pressure to the rudder pedils snd prevrented this
pedsl movoment (as in foot he could since the rudder wos fairly light
sbout its meen position and, beoouse of its syrinmwteb, hsd no inocomw
pressible comnoction with tho ruddor pedols), tho rudder was still _
copoble of movements ogninst the restraint of the spring teb torque tube.
Although soms chunge 4in omplitude and period of osoillation might be .
expscted from freeins ths rudder, no changs could be aeongn‘m the evidenoe

so far presentoed,

It-would appesr howevor that in ony futuro work on this subjezt o
aontinuous recordins of tho rudder position 4s dosiradble, This would
provide evidence to “volle whothor ths shorteperind oscillstion is \
materislly offectod by the known lightnuss of the rudder over smoll |

displa yomenta,
/6.50 (IR ERX ]
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6.5 Rfr r the auto: }_}_E:j_. as montionud pruviously
in thy opproprfaio Motgom, the usu of thy outopilot Mke9 hed little

offeot on tho latoral or dircctional snort perdod oscilletions at
25,000 fuet but geve somo irprovowusnt ot 45,000 foot, when comporod with
the oorros nditions under pilot control, Tho zonoral direotional

. wandor wi sutopilot in usy wes rather worse ot both altitudes bu

the generel laotersl wrndur wns notlocably loan, . o

It is intorosting to notc that during the photogriphia survey trinls
ot Costel Benito (ses 6th part of this Roport for hundling sspeots) tho
sireraft wos fittod with o standard nutopilot Mk.9, This wns oritiolsed
on two oounts, Mratly it wos Aiffioult to stcor ncourctuly onto o
course a3 tho oiroraft could ureily settlo on to ¢ vourso mouo 50 off that
intended; this oon bo prrticlly oliminated when the pilot hos .
had eonsidorsble practice with snd expericnce in the use of tho autopilel,
Secondly, vhcn the siraenft wos finally rmunning on course, ony disturbanco
of tho :iroraft away from ite initiol oonditions of bank and honding wes
moro soricus when the autopilot was controlling than whon tho pilot wos
eontrolling, Aftor n aisturbanocs, tho pilot appliud corrcotivy notlon na
quickly as poasinle, suffiviont only to rostore leterally lovel flight
on thy originsl headirg; the sutopilot howover usunslly overcorrected and
the original required conditions wers only regsined after two or three
dampad ayoles of osoillation sbout those conditions,

Subsequent comversstions with the Autopilot Bection of R.4.E, hsve
shown that they sre fully awsre of oertsin defidiencies in the standard
Mk,9 sutopilot for the high-sltitude survoy role of the Canberra, For
inatsncs, the rudder spring-tsb has a natural frequency of vibration that
induces movement of the roll dstum pendulum, thoreby leading to isperfoct
stobiliaing in bonk, Tha spring=loodod knob of ths outopilnt nontrols has
also been criticised 'ss giving insufficiently proocise control of the
ootastion, Modifiocstions have boen mede and further tesis crc boing.
oerried out to sssess thoir volus, In the muentims wark is continuing
on tho Mk.10 outopilot which is intonded for uso in ths P.R. Conborrs;
thds will embody o pre=set pointer ond o follow-up mochonism so that o
00..¢~® 0an bo pro=solactod and tho unit will thon follow up ond look bnto
the ~hosen oonditions of hesding ond bonli, ( :

In sddition, R.A.B. subacquontly stoted that tlw pArtioultw outopilot
usod on the triols nt Costel Bonito wna sluggish sbout the roll ‘datum and
offirmed that this might well couse the overeocorrootion that woa found,

It wos 0lso stotod that n fully surviceslLle unit should not suffer from
that dofeot ond should bo capoble of doteoting and suppressing al) short
period osoillntions, ineluding the short period ono of this report,

The present sories of mensuremonts woro usde with o stonderd Mk, 9
sutopilot, It is interoating to note thot, dospite tho olaims mode \ tho
outovdlot ¢4 not eliminste tha short poriod osei.lntion (soe tho !‘u-pt
pore ;. sph of this sub=ssction)s Nor wns the periocd of the oscillation
ohan->1 (80 fer ns con be ceen from Jresent evidenoo) os might have been
evveteg “rom tho introduction of the sutopilot into the control cirrults.

i.f Wm&%@m
© Pormel dlsoussions hsve boon held with mombors o ectorate of

Mi v g-Survey énd tho Coloninl Survey, Theso havo shown that it 1a
diffioult to ssoribo simply on upper soooptcble ludt to the t1lt of the
onmera from the verticnl, Wherecs 20 1s usually regardod as thu limit
under pescowtime conditions, whon timo is not an ovor=riiing footor ond
correotione for tilt con sccordingly be incorporsted with some loss ~f
time ond effort, no such limit oon be rundi nsaribud to similor
photography undor wor oonditions, It may “ ba nocesscry to acoept
photoprophs that oro below tho normal usnble stenderd buosuse veathnr
aonditions or enomy ronotion melkae it unlikoly that bottor onos vill be

/ﬂht*ingf:,.. vee
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cbtainod within o usoful time; on the othor hend o higher standord moy
be demonded Af usnbla maps ere to bs produced in time for thelr wilitory
use,

Cortain requiroments wure laoid down in "Wer Of'fico Poliocy Statomont
No. 33 (Mr Survoy)" datod 3rd dugust, 1951, namly that it should be
poasible to stabilize thes camora to within 15 minutos of tilt from tho
vertiocal ond preforadly to within 1 minute, such anglos of tilt to bo
rooorded by on sutomatic obsorvor when cach photogreph wrs tokens Tho
Amorioan-viow on this requirement, givon in thoir "Comments on droft
‘rovised War Off'ice Policy Statomont" issued by the Engineor Reseoroch and
Developmont Loborstories, Fort Belvoir, Virginis on 16th April, 1951, wes
that comera stobilisaiion should be within 3 minutes for prccise photogrom=
motric plotting without ground control (thst is without eny supplementery
ground survey messursments), but that & 1 dogres wos considered suffiocient
for goneral mopping ocoversso. ~

Thern are thon throe stondords sgoinst which tho latorsl ond direoctionsl

steodinoas of tho oircraft is to bo measured, nomely the + 2 degrees of

t1lt ot proment tolerated by the mop propavers, tho & 1 degroe onnsidersd
g enough by the Amoricons for genoral mop aoversgo, ond the + or 3 minutos
considered os o dosirable tnrget far future dovulopments, The ongle of tilt
is of oourse o combinction of the angle of bank onc the ongle of pitch, the
change of heoding reroly displocing the oentre of the photogroph further
from the mean track of the sirersft. In tho pertiocular onse where the
oomera sotting for fore=nnd=of't vertical alignment is ocrruct, tho ongle

of tilt is correctly reprasonted by tho sngle of bank, Unfortunately,, os
explainod in seotion 3.2,, thu limitntiona of the messuring systun prevented
the direot ostnblishmont of the engle of bank from the hordzontal né +he
oonoept of chcnge of -ongle of .bonk betiwaon suacessive phosogrophs had to
be used instond. Tt is then no longur possiblo %o azssna tho airaraft's
behnviour directly ngrinat the angle of tilt raquiremonts, but some .
- sasodsmont o6n ba nnde Af it is ossumod that the firat photogroph is token

" wkth sero bonk, whan the nhnnge of angle of Senk 4o thy nor* photograph

. pepresents ths tilt ot that nooond instent, (Thia mothod gives, of ocourse,
on optimistic result whon the aircraf't is bonkod ih onu direotion ot the
first photograph and banks furthor in thst dircotion for the second
" photographs lilkowise r possimiotioc rosult wall boe givea when the airaraft
betwuun photopraphs roduces tha initinl angln of bank townrds sero,
posaibly rocching opposite brnk,)

To help in this osssssmont, figure 17 haa hueh propered to show the
total ohangos in sngle of bonk ‘:hnt crn bo cxpactod botwoon sucocossive .
photegraphs from o combination of the short=porin’ ‘oscillction nnd the
gonersl wanler, Ths Cioure gives four bands or sones withdn which the
ohonge of tank may be oxpected to lie, the upper ond lower limits of

asch band rapresenting the cnses whers the shorteperiod osoillation
respectivoly ougments cnd reduces the gencrol nnders The band 4 in the
figury glvos the oombination of the average valuns of short=poriod
oaodllation rnd general wander, end nocordingly ropresents tho limits of
chonge of sngle or' bank that ozn.be expooted for tho majority of the
survoy photogropha, Ocowrring less frequently will be tho cases coversdbdy
bands B cnd O, formsd by ocrbining the evernge valuo of one mv& wnt with
ths moxirum velus of the other movement, Evon losa froquently will oocour
ooses representcd by bend D, whero the maxiums cf buth wovemonts oorbine,

The rigure vns prepored for the odrersft fittod vithout wing-tip
tonks, but, from the ovidence alrenly glven, &y oonclusisrns shoul® apply
aquolly for ths nircraft with wing=tip tonks, 4it onn be scen th~t, whon
tha pilot was oomtrolling tho sireraft by norual usc of =iloron ené rudéar,
v oversge ohangn uf Lank (band i) C4d not exodsd 2 Cuproos vithin tho
spaods and hoights toated. On thu ollur hanl, cu-ner: -*f‘ tanv rintrrinkly

.+dn exuass Of 2 Corruso could b oxpeatud, prreifoulnrly st tha hihor

/'Jtitu""-.. eoe
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altitudes, though such ocourrcnoces would be rul.tively infrcquont. On

this ovidonos, it anpears that nest of tho swrvey photogr+jpis could be

used satisfoyutorily by the mrp pronercrs xerking under pacce=tine

conditions and probebly alss undor s-retirL conditisns but ceensional
exoessive onglos of tilt uight ke sovorsl proups of phitogrsphs unusablo,
therody dumanding o ropoct sortle, This ic rmuch mors probasbls if it

should be deocidod that only 1 dorren ~f tilt con be scceptold, s the )
overage chongo of bank onuld be equal to or greator than 1 dogrou at all spoeds
tested ot 25,000 and 45,000 foct ond only slichtly bslmJ 1 Jogree ot '
10,000 feot, Considoroble impravarmont wns obtained at 45,000 lest by usc

of tho stondard autopilot Mk,9 nnd on thu eviconcs givon'dt seoms probeble
that the avorago tilt oould bo kopt within the 1 degrce limit, Furthor
improvemsnt is also oxpoctcd bty R.AE. as o result of modification to the
gyrosoopo ond the nutopilot control (soe mection 6.5) ond later by the
introduotion of the sutopilot Mt,10, Unless considercbls improvement is
obtoinod howovor it is probable that the 15 minute limit of tilt will be
exooeded even under oolm air oonditions, It may well be nocessary to uso
some devico such na ths outo=stobiliser-now boing daveloped ot R.a.E. for

the eliminstion of snaking, but whilst this might matoriolly reduce the
shorteperiod osoillation it is not oortain that it would hove mny effect
on the long-term genersl wander or the sudden changes of bank ond hending
that would ocour dus to gusts, Improvement might vell .
te obtained with gyrosoope stabilisati . of the oomera, though this would
necossarily be a oonsidc“sble oomplioation, -~ - '

It seey: dsairsble tlhorefore that an investigstion be made into the -
limits of tilt as laid down by the War Office Policy Ststement No. 33
(Alr Survey), If itz requiremsnis arc socepted os reslistic it maoy be
necessery to formulste new requirements on the domping of the lateral ond .
direotional short-period osocillations,

In conclusion, it must be pointed out that there is no resson to .
suppose that, so for os genersl wnnder is oconcorned, the (Canberras alroraft
4s ony worse than ony other sireraft for survey photogreophy ot high speeds
and cltitudea, Ko similar monsurements by the mothods of this report have
been mnde ot tila estoblistment on othor niror:ft ot high altitude, vhore '
aiffioulties in maintoining chosen courses ore to be oxpected boonuss of the low
indionted nirspecds oud low damping.

7o Conelusions

The present trisls showed thot evon under oalm oir conditions there
was n short period oscillotion in hosding end engle of bank, Both the
period (lmoonda) ond tho mognitude voriod with Maooh mumber ond

- “pltituds. In sddition there were general wunders in hesding and bank

that oppesred to bo indopendent of Mach mumber ond, in the onse of angls

of bonk, slso indepondent of altitude when oonsidered over periods squal to
the time intervols between suocenaive photogrsphas of the F.LJ sixvey oomarc
fitted with o 6 inch lens, At Maoh uumders necr 0.8, the svorage mognitudes
of ench of the oscillations and wonders wes of the order of 1 dogreo,
though moximum values of 2° and above were maosurod, oll undor oolm adr
sonditions whilst tho pilot wos ottompting to mointoin the oiraroft on o
oonstont heading with wings level by ncrmol use of the tiwee flying
controls. The offocts of freeing tho rudder and also of using tho stondmrd

outopilot Mk,9 are described in the report. _
The ot‘footl of the cacillotions nnd wanders on the ~drorsft's usoful-
peas in the survoy role have besn discussed in the raport, From the ]

evidenoa provided, it would scem thot most of the photogrephs obtsolned
under oslm adr conditions could be uscd by o survey mopping saction
under pod ye=timo conditinns, end probobly slso under war nonditions when
the time cllowsd for map proparation msy wll bo ourtnilod. It is
probsble thet thu closor 1imits of flyving implied by tho restriction of

/t"ﬁooooo
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' tho pernmissible angle of camors tilt to 1 dograc could be met under calm
air conditions by using ths standard mrkapilot ¥k.9, but any furthor
reduction in this ongle of tilt, either to ot Tor Office polioy
recuiremonts’ or to allow & margin for flight under noneccls: sir conditions,
would require further improvements in ocontrol. Nocifications to give
irprovements in the standard autopilot Mk,9 ero boing dovelopod by R.A.Z,,
ponding oorplotion of thu outopilot Mk.10 intonded for tha siraroft,
Noverthuless if, despitc tho kmown behcviowr of riroraft ot high sltitude
the War Office pearsist ih thoir requiremeits to restrict the comors tilt
to 15 minutes ond ultiruvtely to ¢ mirute, then it i3 proboblae that gyroscopic
atabilisation of the oomers will be roquired, possibly oouplod with tho vse
of aoms such devioce. as the auto=stabilisor now being tosted ot R.A,B. for
the elimination of aneckirg, '

8 Rxther developrents -

(s) Arrsngements ore being mode for the Direstorate of Military
Survey to study the photographs obtnined with the airoroft on the triols
st Castel Benito ond prepare msps fron them. This will help Alreotly
in the sssessmont for peacetlime photogrephy in the survey. role, .

(b) Tests should bo made with tha ocutopilot Mk,9 in its rndified
form, if there are indications that it is any bettor than the standnred )k,9,

(6) An investigsotion into the linits of tilt as 1add down by the
Wer Office Policy Statement No, 33 (Air Survey) should be undertaken to
determine whether the requircments are reslistic in tho light.of the kmown
bshaviour of aireraft, 'i‘ R

. . s o ‘. . }0 .
() It pay Bo nocomsary to formulste new requirements on tha dsmping
of the shorteperiod osaillation, ' B
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