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Summary

While the existing type of automatic observer has enabled more and
different data to be obtained during flight tests, it incurs a very heavy
expenditure of man hours in subsequent "film-reading". This large effort
results in considerable delay in terms of elapsed time before the data
from a test are available which, as well as slowing down the gencral tempo
of the work, creates difficulties in test planning and progressing.

To obviate these difficulties a new recording system is proposed in
which the rcading of the record can be mechanised. This gystem leads
noturally to the direct use of computing machines for the subsequent
analysis which would further reduce the men hours and elapsed time involved
in testing.

The system proposed employs a transmission system from the instruments
which cnables the instrument readings to be recorded in the binary digital
systen, This record as subsequently transcribed in an automatic "rcader"
the output of which may be either in the form of tabulated results, or as
punched tope suitable for direct use in a sequence controlled calculator.

A prototype transmission umit has been constructed.
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1. Introduction

1.1 Untit about 1944 the bulk of the date from routine flight tests was
recordod manualdy frow dircct visual reodingn of test instruments, The increas-
ing humber of instruments invoived and the desire to obtain frequent observations
led to the adoption of the "automatic obscrver' in which most of the tcst instru-
ments could be photographed and the data subgcquently cxtracted from the film,

1.2 The man hours 1nvolwved in *"f1lm reading” hao steadily inercased until
novr, both for routire and rescarch testing, it repruscnts a major factor in total
labour invoived and the time requircd to make tests, In this report the present
cystem of recording is discussed and proposals madc to reduce the labour involved
in tronscribing and amlysing test data,

2. The proccapes invoived in recording and evaluating data

2,1 Except in the cace of dircet visual observing thore are three main pro-
ceoses involved in the recording and evaluntion of tegt data.

() obtaining a pormanent record of the data at the time of test

(b) transeribing this record into a fom suitable for analysis

(¢) annlysing the data go cbiaincd,

2.2 For conwenicnce we will call these three processes recording, reading
and analysing and w may consider firct the exdsting system, based on the

"automatic observer, in relation to these headings.

3. The “automatic cbssrver!

3.1 Use of the "automatic cbscrver" relicved the pilot and test obsorvers
in the aircraft of much of their work and s of particular merit for single-seat
eireraft in lcaving the pilot free to concontrate on his flying technique. For
all aireraft types it had the adwantages of emabling data to be obtaincd simultane
eously and fran o larger number of ainstruments and/or at o higher frequency than
was feasible with human obserwrs; in the Latter cage it remmitted unsteady
motioas to be studied, Under our first heading of "recording" it thus represented
o meterial inprovement,

3.2 The proccss wng, however, eéassentially more Inboriocus than monval ro-
cording both in man-hours and overall time and the advantages pgained under the
first heading vere at the exmense of introducing the sccond "reading" proccss.

The increcascd labour is particularly noticeable for flight tcots under steady conm
ditions because whercas a gskilled cbacrver vicwing an instrument directiy oon
aescos accurately the mean value of o guasi-steady instrument reading without
tabulating recdings at frequent intcrvals, the tobulstion and cubsequent aritime-
tical awvoraging ls nccessary wath the automatic observer records, From the aspect
of elapsed time, the neccasity for developing the {ilm, reading it and tabuinting
results subscquent to fiight leads to a delay of 2 days or more betvecn the comm
pletion of the flight and the rcsults beeoming avaiiable, This in turn leads to
difficultics in programning tests becouse an abortive fiight may not be apparent
until these rvsults are availoble. A further disadwvantage of the automatic
observer type of recording is in the instrument calibration procedurc involved.
Normally paraliax errors are invoived which necessitates a photographic calibras

_.tion in situ, This again involves more man-hours and c¢lapsed time than nomal
calibration and further is inconwouisnt from the servieing aspect when changes of
individnal instruments are involved,

3.3 Discussion with other flight test organisations in this and other coun-
tries has shown general agreement that the reading of automatic obgerver films is
now a major factor of delay in flight test work and the man-hours involved is a
serious deterrent to undertaking much work which would otherwise be possible. In
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our experience the effort involved in fiim reading can casily occupy 50% or more
of the total technicel man=hours invoived in perfommance flLight testing. A
system of recordang in which the human c¢lement in the reading process can be
erther eliminated or greatly rcduced would thoxoflore be o major advance in flight
testing technique and thic problom is discusscd below,

4. The form of record rocauired

4.1 To eliminate vre human element in the reading process, o form of rccord
iz required suitable for insertion in an automatic apparatus hich vill read the
records and, if necesscary, tabulate rogults., Howewver once onc has reached the
stage of mechaniged reading it is o comporatively short step to the process of
mechanising the analysis using some existing tyre of calculating imachine, Thus
tabulation of the "rmw" data is not essential in the fully mechanical system, For
the work under consideration the high sped electronic type of caleuloting machine
is unneeessary and the electro-mechanicat scquonce controlled type of calculator
described by Petherick! is adequate. This tochine requizcs the data to be supplied
in the form of punched tepes and for this purposc cnploys a modified binary-
deccimnl oystom,

Although ve hod in mind the Petherick rachine for amlysis, it seered un-
desirnble to be committed to a fom of recording directly suitabic for one paxrti-~
ocular tyre of calculating machine, porticularly since this was uniikedly to givo
the best soiution to the problenm of producing a compact and relianbile alrborne
e corder,

We therefore considered that the beot form of record for this particular
application should be chogsen and that ono shoutd rely, if necessary, on mechanised
readers (on the ground) to transeribe the primory rccord into a fomm suitabic for
direct use in a calcoulnting nachine,

4.2 For performaonce tests o recording accuracy in the order of 1 in 1,000 of
the full scale deflection is considered npccssary and to achicwe this accurncy a
digital recording system is prcferred.

Two factors must be considered when choosing the scole of notation o be
adopted for the digitel counter; firstly thoe cfficicncy of the scale as defiped
by ithe number of digital positions required to speeify o given nunber and secondiy
the simplicity of the mechanisnm nseded to roprecent the scale, From both capccts
the binary, or scale of 2, notntion is the best; as coupared with the usual
ducinnl notation a consideroblie siapiifieation is effceted. For instonce to re-
cord pubers up to 1,000 in the decinal syston, would roquire 30 digital positions
(3 scades of 10) while in the binary notation only 20 positions (10 scalcs of 2)
arc necesanry. From the second asippet, any 1cchanign having siopiy an "ON'" and 2n
"OFF" position can be uscd to represent the scale of two, It ic thus enminentiy
suitable for recording by, for instance, punched tape, light spots on fiim or
magneticed wire; in any such schere the rcadine of records nay be mechanised,

We moy novr congider the gystern nceded to produce such records,

He The recording sysien

5.1 Gereral. In the syston cnvisaged the indicating units for the wrdous
rarcoete oo would nomally coaprise the movenents from existing tyre instruxnts,
the output of which may be typified by the rotation of a shaft through 3609 The
nain problem is to transmit, in bainary notation, the instrument indication to the
rcoording unit,

5.2 Binary trancmitter, It is rcquired to present the dinstrurent rcading
represented by a given rotontion in the binary digital notation, This may be done
by a ginpie typre of comautator which is lilustrated dlagrormaticenily in Iig. 1.
For sinplicity a 5 channel counter is shown, vhich gives a count by 1/32nds,

The segmente drown repreacnt contocts and for any position (4, B ote,) of a
brush assembly, electrical circuits arc made vhich, as shorm in the table of Fig.
1, represent the angulor displacement in binnry notation,
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Two problems arise hore:-

(a) the majority of instrumonts have inadequate output torque to drive
the necessary mcchaniom

(b) to avoid incorrcet readings there must be no uneven overlapping of the
brushes betwecn "on" and "off" scguents of the commutator,

The firat aspect demands some form of servo drive: if this is in the form
of an impulsc motor with movement increments cqual to the amallest commutator
gsegments a particular sulution to the second problem is also obtained,

Using this tyre of comutator o schematic diagram of a complote transmitier
unit ia shown in Fig, 2, Shaft "AY is rotated by the instrument mechaniom, for
inotance an albimetor capsuie, and the movement of the pointer B is followed by
means of a reversible impulse servo-notor C o vhich is connected the binary
counter D, The motor is driven from a nastcr inpulse generator which supplies all
transnitters. At any instant thorefore the positicn of the counbter corresponds to
that of the instruncent pointer and the appropriate output channelis are crergised
to repregent the instrument reading in binary notation., The arrangement of the
revergiblc ratchet gear enployed in the inpulse notor is shown in Fig, 3.

There are practical difficultics in naking a small counter with 10 channela,
because of the small segments involvedidn the first channel, It isc therefore
prefercble to uge two 5 channel units with the secondary counter triggered by the
rotation of the first to obtain the required 1 in 1,000 counting accurncy.

FPhotographs of an actunl 5 channel unit (iess rclay) are shown in Fig. &
ond the size of this pilot model ic 14" x 14" x 14", It is otilil under develop~
nent and is illustrated here to denonstrate a practical application of the achkeme
envisaged,

For conncetion of a fuil 10 channcl unit to the recorder a 13 corc cablic is
required, Sinco only one circuit (for tre inpulge motor) is required to carry any
apprecinblie current, the cabic would be of modest size,

5.3 Recorder, Various types of roccording are under consideration but a -
ponasiblc opticnl system is illustrated, by woy of exampic, 1n Fig, 5. This enploys
a bank of signal units of the type used in the French Hussenot-Beaudoin recordsr;

a unit is provided for cach channel and congists of o gnall sdlenoid operated
tilting mirror which, when encrgiscd, rcflects light from o singic source onto the
rceord film. By suitoble nmasking a record in the fom illustrated in Fig, 6 is
obtaincd, This system is attractive in that suitable signal units arc available,
and it would be sufficiently fast in operation, but the fact that subscquent
Procecasing of the record is necessary is a disadwntope,.

Punched tape recording would elinminate the need for proceaging but it is
not considcored suitable because of rmechanical complication. An alternative syston
to elininnte processing is the use of nultiple contracts on telcdeltos paper; this
would, in addition, dispohse with moving parts and would probably give the sinmpleaot
and most conpact fom of rccorder, In general it is felt that some such form of
"vigible spot" mcording wall be the best solution for an airborne recorder.

6. The automatlc reader

6.1 With the "visible spot" type of record discusscd above the reading unit
could consist of o photo=elcctric cell arranged to gean the channels of cach
instruent reading in turn, Since o positive indicetion in any channel has a
unique numerical significance, the signals fron the reading head could be used to
set up o printing head and in this way o printerd tabulation of the raw exporinentel
data obtained, If the mechanisation proceas were endsd at this.point it would he
mcegsary for "geale" corrections to be applied and the remaining analysis comploted
manually; this nay be adequate in certain cases, However, as already noted, it
is a comporatively short step fron this stapge to the couplete mechanisation of
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the process, aithough tabulation of the raw data may sometimes be necded and
vould be a convenient interim stage resuliting in an appreciablc saving in man-
hours, our conception is that the rcading unit should also transcribc tne data
from the wircraft record into a form suitabie for uge in an auvtomatic oomputor,
No detail development of this unait has yot been made,

Ts Inotrument scates and errors

7.1 Whatever gealing aystem is adopted for test instruments there arc nor-
molly erroras present for which corrcotions must be applied on the evidence of
laboratory calibrotions, With the system of recording described abowe the working
range of an instrument, as defined by the rotation of on output shaft, is divided
into a knovn number of equal parts without reference to the scaling for some port=
icular units of measurement. Thio has had the advantage that the data hawe been,
numericaliy, presented ovor the same rmnge of magnitudes and it has not been
neceasgary to define magnitudes in the recording as would have been necessary had o
presentation in porticular units been attempicd., Before, or during anclysis it is
thus, in gencral, necessary to apply both ~ scale function conversion and an error
correction for minor deviations from the smooth function, . .

7.2 1t would be pogoible to obtain a "true" output from the transmitter by
suitabic arrangerent of the scrvo following mechonism®, but this is not likeiy to
bo economical for flighs test work whore frequent rcealibration of instruments is
ncocssary. It is therefore proposed to correct for sealing cither during reading
or analysis, With cither mothod it as necessary to prepore a tobulated function
of "true" to "indicated" wnlucs and this can be done directly from tho calibration
procoas, in the same form as tho airceraft data rccord,

If the corrections vere applied during analysis a reiatively sinpte typme of
rcader could be used which wourd transeribe the calibration rccords into the
punched tape form demonded by the calcoulating machine, in the same vmy aos with the
aireraft dato record.

Por correction during the rcading process o more complex type of reader
vould be required, The inotrument indication wvould be "read" and the correspond-
ing reading (or ra.nge) sought in the "indieated" tabulation of the calibretion
record; the corrcaponding "truc" value would then bo despatched to the output,

Although more dsvelomicnt work is involwved there are o number of advantages
in the sccond method, With the Fothorick eatoulating machine the number of
tobulated calibrotion functions whach can be accomodated would nomally not exw
czed 14 for anciysis of perfomnnee tests, This could lead to difficulty with
regults from multi~cngined aircraft and further it would be uncoonomicol t0 occupy
the machine vith o Large volume of simple calcuiations if these can be handled
othervisc. ¥rom tho users aspect also it is an advontage to be able to obtain
tobulations of true volues at an early stage and in a numbcr of caees use of a
calculating machine for tho onalysis may not be warrented; in such cascs it ds
still desirable to avoid the manual labour of applying instrument corrections and
tabulating trus values,

8. Calculating machine

8,1 Although this roport is concerncd with the recording, and not the
analysic of test data we nay, for the sake of completeness, briefly examine this
tatter aspect. With o machine of the Pethorick typel, the observed data ie fed
in on punched tapes and, by means of o control tape, the sequence of operations
in the wachine autonmoatically controiled to analyse the data and finally tabulote
it in the required fom, An exanpie of o typical colculation sequence for perw-
fomance lests is given in Fig, 7, With the recording system here enviooged,
topes giving the "recorded" or %rue! volues would be obtained from the rcading
unit depending on the nmethod of deating with instrunent secale corrections ags

/discussed....
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discussed in para. 7 obove, The tapes for the tabulated functions 4 Pp 1 Pp
and A Pg ¢ Pp, reprosenting the pitot and static pressure error corrections
respectively, would be prepared manually., In the pressurc error calculation
sequence the nomenclaturs of rof. 2 hes been uged and for simplacity calcuvlation
of the effect of comprossibility on pressure error has been omitted.

g. Discussion

9.1 1In the automatic recording and roading system whioh has been described,
there are three main component groups:-

(i) tronsmitter units
(ii) recorder
(1ii) reader

9.2 At the present time development has proceecded to the stege where a
working transmitter is available., The small size achieved in the pilot model
suggosts that the application of this transmission to existing types of instrument
movement will be feasible and convenient in practice; o compact transmitter is of
particulsr importance, of course, in sealed instruments such as altimeters where
it must be incorporated within the sealed casu, It will be apprecianted that by
cdopting this type of transmaission a remotely recording system has thereby beon
achieved., This is of particulaer merit for pressure instruments since it obviates
the necessity for long pipe runs which are fruquently difficult to install and
undcsirable in that lags may be caused. Instead, each pressure instrument may be
installed at ony convenient position close to the point of mensurement and
connected to the recorder by its cable., With the unit type of construction
employed for the binary counter onc is not limited, of course, to the 10 channel

system which has been deseribed; for special applications further counturs may be
added,

9.3 In the development of a suitablc recorder no perticular difficultics
are foreseen., Since it dows not have to contain the instrument mechanisms it
would, for a given number of perameters, be considerably smaller than the exisitng
type of "automatic obscrver". This featuro is particularly attractive for fighter
circraft wherc the problem of stowing large box-liks spparatus is already acute,

9.4 The dcvelopment of the rcading unit is a larger undertaking. No detailed
discussion is feasiblo ot this time since only consideration in prineiple has so
far been given to this unit.
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