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INTRODUCTION

Until comp:retively recently, flight testing vics used only to
-insure ihe proper functioning of &n sircreft end its component.par£e
in f1ight snd to give an spproximzte indicatisn of the performonce
cepebilities of the Qircraft. Under the impetus of the wer, flight
testing technicues znd methods of instrumentetion znd reduction of
dote héve improved znd progressed rs:xidly to the point wshere fliight
testing must now be considerédlct leest ¢ coxplement to wind tunnel
testing in providing the Leronsuticcl Engineér with various dete for
uge in the deielopment of future sircraft. fctuelly, fligﬁt.testing
is unicue in certein cssesg such zg the determinstion of dynimic sir
and lsnding loads end their true effect on the airéraft structure,
By no other method cen the.actual dynsmic losds be‘properly a?plied
¢nd mezsured st the present time, |

No ettempt is mede in this thesis to contribﬁte eny new vork to
‘the field of flight testing, beczuse of the relative,inexperiénce
of the suthors. The concerted efforts of meny lecrned men heve
sdvenced the &rt-to its present stzte and this peper does not presume
to instruct these men in their own fields of endecvor. Rather, the
purpose of this repcrt iz three-fgld.

l. To prezent in convenient form what might be considered &
basic mgnuzl on flight testing,

2, To stimulete the thinking of both the menufzcturers :nd the
using agencies elong lines of étandardization end possgible simnlifi-

cetion of certein basic flight test procedures.
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3. To aiscuss eny wopsrvent trends in the development of the
ert of flight testing.

In attempﬁing to write = besic'manu&l_oanlight Tes?ing, the
guthors hed originelly intended to cover the Philosophy of Flight
Testing, the Instrumentstion of Flight Test Aircrfft, ‘nd the Re-

~duction of Deta. Hoﬁever, Ammy fir Forces Technicel Report No. 5069,
by Mr, P. F. Eikle, entitled "Perform:nce flight Testing Yethods in
Use by the Flight fection, ¥Wright Field", wes bublished & few months
efter the preprretion of this thgsis had begun; Siﬁée that Technicsl
Revort desls principelly with Reduc_tion of Dete, the euthors deciced
to leave out this part. Therefore, this thesis i: & collection znd
discussion of those idezs in coﬁnection with the Philesochy of Flight
Testing end the Instrumentetion of Flight Test firercft which eppesr
to heve been most successful in producing the gre:test wmount of
relicble cnd useful engineering date per doller investéd-in flight
testing. In conjunction with AAFIR 5069, gerheps it will be 5f gome
value in those organizations where the constint need for treining
new flight teet personnel is & major problem. The ieronsutics De-
pertments In some colleges vhich are conzidering giving courges in
Flight Test Fngineering m:y find this thesis of interest.

Stendrrdization of procedures in any complex snd ripidly im=
proving ert such ¢s flight testing is possible but neturelly difficult,
tny stenderdizing procéss would 5ave to be well-considered, andvsneci&l
safeguards would ‘have to bhe teken to insure thet the field of flight
tecting was not deprived of the viluzble benefits of individusl

initietive smomg the varicus eirer:ft. compsnies, However, the «d-

ii



ventsges to be gained from stendsrdization of certein besic phases
of'flight £esting are so grect &s to mske wrth-while & complete #nd
thorough iﬁvéstig&tion of this possibility, Direct comperison of

the performence ¢nd flying qdalities of vafious aircraft, withouﬁ
.ény cuestion zg to the reliebility of eny of the dete or the methods
by vhich they were obt:ined, end gliminétioa of & grest smount of

the dupliication of testing between the meznufacturers wnd ihe services
would be two immediste benefits dérive&'fram & stendsvrdization pro-
Jject. These benefits would naturslly sssume more vslue after the
wer when the ssle of sircraft to commerciel airlines becomes possible
znd when the funds availsble both té the indugtry sznd to.the services
for the development of eircreft may be expected to be geﬁewhét re-
stricted. Army Lir Forces Techniczl Report No. 5069115 en excellent
and importent stg; in the direction of standerdization, It iz in-
teresting to note thet &ll of. the flight test orgenizations visited
by the authors were either plenning to prepare or sctuslly prepsring
& msnual describiﬁg their own flight ﬁest metheds.

Certein trends in the development of the ert of flight testing
have become &pperent to the suthors during the survey of varioué
flight tést orgenizations. The lest part of this paper discusses
tﬁose trends end atténpts to point out their import:nce to the future
progress of the aircraft indﬁstry.

The szuthors will be heppy to éiscuss further, with snyone iﬁ-'
Vterested, the materiel presented ¢nd to be informed of eany érrors

which msy be found in this thesis. VWhere controvarsiel questicns
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are involvéd,.especially in the psrt on Philosophy of Flight'Testing,

the views presented rre those of the muthors.
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I, PHILOSOPHY OF FLIGHT TESTING

ko IHE VARITUS PHASES OF FLIGHT TIGTING 8D THEIA OBJECTLIVES,

Fiight tecting czn be divided into the following distinct '
phosges:
1. Operstional testing
2. iccelersted service testing
3. Tegts to determine complisnce with usjor specificotion
recuirenents with regerd to:
&. Performance
b. Flying qualitieg
c. Power plent cooling snd operstion
de Opecration of sccessories
4o Rerearch flight testing, i.e. flight testing ¢e o design

function

le OPFRATIONLL TESTING,

Operetionsl tecting genereally consists of texiing tests, simu-
lzted tekeoffs, snd then the firct fe. fiights of & new eirer: ft,
Veriocus components of the sirerzft ere opersied for the firct time
during trxiing tests ¢nd simulsted-tekeoff runs in @n «ttempt to
determine whether or not there sre sny aerious mechenicsl difficul ties.
#hen such items ns power plent, propeller, hydreulic syst&m, contro1s;
brekes, étc. evperr to be functioning sztisf&ctofil&, the initicl
. flights ere mrde, This phese Qf f.irht testing recuires the utamcset

in diligence on the zert of #11 perscanel connected with the rctusl



test flﬁ@mts. Careful procedures heve to be plenned «nd vorked éut
in advzncé to insure th&f &ll of the components of the sirersft &nd
ell fiight test equipment cre properly operated by & relltively un-
femilisr crew and that.eny unsetisfectory or dengerous conditicn
which méy develor during & flight will immedictely be detected snd
brought to the attenticn $f the pilot., The zircraft is givén &
thorough and rigid inspecﬁion on the ground after ezch flight to in-
sure that everyfhing ig still in proper order. The objective of this
phese of flight testing 1is to discover end correct those diff;culties
end feults in the design which, if they exigt, will become rezdily
axperent ond willhprevent the further g:=fe oper;tioﬁ of the gircraft,

2 LCCELEZRATED SERVICE [ESTING,

tecelerated service testing begins #s soon as it is evident
thet the continued s:fe operetisn of the sircr:ft is nossible. £
o smell number of the perticuler sirplene tyve ere flown pr&ctically'
continuously, undergoing rigid znd complete periodic insPections.
The inSﬁéCtiOﬂS generslly follow some predetermined plan, beiné more
féecueﬁt tnd complete during the first few hours of flying time. TIhis.
phrse of the test progrszm determines Whicﬁ of the ﬁariouslcomponents
‘of the aifcraft would not st:nd up under repected use snd would re-
cuire excessive meintensnce or would heave to Ee redesiened ot some
lster dete if the sirereft Qere immediately nroduced in cusntity rnd
put into service, It brings éut the difference between é custom-
built orototyne, meintzined by & steff of experts, end & producticn

eircrs £t which hsas to be kxept {lying by oversonnel of gomerhet lower
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caliber, Thus, insofar as the opere.tofnf the aireraft is corcemed,
sccelerated service testing reduces maintenance costs and maintenance
time, and euts down the number of persormel and spare pjo.rts necessary
to keep the aircraft in flying shape. Also, it helps the eircraft
manufaeturer avoid those costly production stoppages which will oceur
if serious service diffieulties are encountersd with a new aireraft

after produetion has bepun.

3 BSTS TO DRTERMINE COMPLIANCE WITT YAJOR SPE SIVICATION

ol Aedg

@, PERFORMANCE = The third phase of flight testing detore
mines the basie chamf.storistics of the ai?omf‘b. Tests are run to
establish such performance items as takewoff distances, maximum rate
of olimb, speeds at various powers and altitudes, range, e.,ﬁd lending
distenees, Often, some of these tests are repeéted to det-rmine the
effects of different gross weights of the aireraft or of ane or wore
inoéerative mgines_. It is obvious that almost an infiﬁite emount
of flight testing would have bto be .;ione to determine specifically all
of the performance data. To avoid such & time-consumirg and costly
procedure, only certuln basic performance date are cbtained flrom

' flight tests. \These basic data are then interpreted properly to give
the aotual performsance o.f the aireraft at any weight or eltitude,
under any eanditions,

b. FLYIUG QUALITIES. =~ The flying qualities of an airplane
indicate the relative — safety with which it can be flown.
They allso show whether or not the airplare is suitable for the %mission

for which it was desimed. Such ;lﬁems as stability, maoeuverability,
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and stall characteristies, for emmx;le, are cmsiéerod vart of the
flying qualities of the airernft. Yor longerange tmasporf or bome
bardment aireraft satisfactory s*‘cébility is of primary i:ntérés't,
- whereas for a fighter type considerable £1light test time has to be
‘expen.ded to show that its maneuverabil rt:y cheracteristics make it
_ _satisfactory for combat use.

¢, POWER PLANT COOLI?%G AMD DPEFATION = The power plant
mnufacturer generally specifics maximum terperatures for safe, can=
tinuous opei-atim of the engines, 'i‘he cooling bes}:s are mode to show
that those maxima safe t’éxzxpe'mtmres are not exceeded tinder the most
critieal condition. For single-engined nircraf“&, the c‘.ritloal condi~-
tion will generally oecur fdth maximum eontinuous power at speed for
best rate of climb, Ior a multieengined airplane, the tost will
g:anerally be condueted with one or more éng;ir:.es inopemtive. Engine
cooling during ground operation is froguently eritical wi}:h some alre-
oraft desigms. In addition tolthe cooling tests, further tests are
necesé&ry to insure that the fusl, o0il, end ignition systems wilil
function satisfoctorily at all altitudes and under all oonﬁit;mza.

d. OPTPATION OF ACCESSORITS « The electrical &ﬁd hydraulic
systens, ocabin heaters, delcers, radio eguipmernt, and many other items
are tested under various econditions in eornjunction with ‘cﬁe perfom_ance,
flyirg gualitities, and engire cooling tesis, |

All of these phases of flight testing are carried out in
gone logical seguence, many of thenm simulvt&neougly, and the 'results

compared with various safebly regulations and specification requirements.



It is obvious thet, at eny stage in this process, unsatisfactory
operating characteristics or i‘bems'which do not conform to speeifi#-
cation requirements may be encountereds This will complicate matters,
for the test program must then be changed and replemned to allow for
the testing of modificetions which will be made to correct the une
satisfastory items. Froquently, one of the mt‘)riifiea'tfions tested may
ber such a8 bo affect the sirspeed calibratiqn of the test alreraft,
makirg & recalibration necessary to insure the velidity of data whieh
w:ni be taken during subsequent flight tests, If the wnsatisfactory
item be a major one, & geod portion of the test program must often be
l

repeéted bocause of the interrelation of the wvarious characteristios
of the alreraft. For émmple; a mjor chmq;;e- in cowl desipn to improve
engire cooling will probably necessitate the repetition of certain |
Perfoﬁ:mce f»csts. ) | \

The actual sequence of tests will be diffe:r-ent'for ea,éh
néw prototype, depending mainly on tho type of sircruft, the purpose
for which it wms designed, end on the previous experienee'o_f the
particulay alreraft cormpany. In the case of a péoi:otype desipned
’c’mrizqg wartime 4o meet an urgent cunbat need, the operptional end
accelerated sorvice test phases might be emphagized and expedited at
the expense of tests to determine compliance .with najor spscification
requirements, The sane mr‘t also be true in the cese of a major |
rodiflcation of an existing, successful, military aireraft, lere the

soquence of flight tests will be governed by the extont to which the
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rf;adified airoraft departe from the existing, Iprpveﬂ design. On the
other hand, an experienced aircraft compeny, during normal ’ci;aes,
woul"& be most anxious %o determine i;he 'perfcrmnce characteristies
_-of & new transport aircmf"ﬁ desizn. It would thus be able to detar=
mine probable opamtiﬂgv costs and obtain & measure of the success of
the new design before investing teo heavily in the. cost of additiorsl
flight tea{;:s. Bem..also,_smne of the ncoelerated gervice testing
night be combired with actusl demonstration of the new transport to
airlires. Any number (;f variations exlst, but in the final enalysis,
the sucosasful aireraft will have gone through the first three phases
of flight testing sutlined, |

4, PBESTARCH FLIGHT TRSTING w» FLIGHT TESTING AS A DESICH FULCTION,

It is often presumed Thet the flight testing of a new airoraft
ends vhen ‘the apeciﬂe.ation requirements have been checked, with the -
_ poaaibla.exceptién of further tests of various modificetions or new
{:ype accessories., OSuch, however, is not the case. The flight testing
of & new airoraft should never be considored finished until suffislent
data have been gathered to enable the deéigzl engineer to check the
vel idity and accurecy of all of the major assm@ﬁéns made in design=
ing the airecraft, The m;’;ot_; essumptions will generally be those made
in trying %o force the new design to reach beyond the boundaries of
oregent aprenauticel progress. The engireer must know to what extent
he wns suocessful in his last design if he is to smoeced in his next

design. Howeveyr, here the guestion of cost must be eonsidered.
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It will be noted that, up bo this point, the cost gquestion hes
not been diseussed. The reason for this is obvious. "L‘_he.fli‘ght tests
outlired thus far aro actually part of ft;he work of dmloping-mw_ aiy-
oraft and, as such, are pald for direotly by the org&hizatim for whicﬁ
the aireraft is being developed. Ib is often arcued thet these flisht
bests are ranerally so pressing end inveolved ag to preclude the gathere
ing of additionml date. for research purposses. Thus, résearch flipght
testing is left to be done at a later data or, mox;e oftenl, }eft uinw
dore., There é.p;mars %o be a aermin'amount of aversion Lo flighﬁ
testing for research purposes when the eiroraft manuf’a.ctuz-er himself
is paying the price. This aversion seems *ho be the consequence of
& feeling thot overwzealous flight test persomnel often attempt to
moagure or determine by flight tests oerha?.n variables which ere either
inconsequential or of soademic interest only. OFf soursa, flight
testing for reseerch purposes must be undertaken, like research in
any other industry, only when therc appears to ‘be an agsurance that
the potential gain will be wo;'t‘.h the actual investment,. _I’iowever s bthe
task of impmving the modern aireraft can be compared with the solu-
tion of & riddle consisting of a mﬁa of interrelated effects end
uompro::;zisxea. The solution of this riddle will often require extensive
instrumentation and carefully controlled flight tests to detomine the
small effects of several wariables, By itself, eny one of these
variables may well anpenr ‘bo. be mimpormnt,_, but when studied togother
smell variables can often give important answors. lowever, there are

mANY enswers and many solutions to the riddle, Research flight testing
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must $eolate the prineipal ones., That is, research flight testing
must concern itself with those faoi’;ors'vmioh are potentially most
ocapable of inéz"easix‘.g the econuamie value of the preseat aircralt as
woll as that of the next new desipgn., The recernt paper by J. 8. . |
¥endricks on ."Aero-f"conomics“ indicates an approach to the px«oblem1
of airoraflt development from the economie point of wiiew. With this
“sort of an approech to the problem of resemrch flight testing, thers
need not be any question as to economic justification. Then the entire
flight research testing program can irvariably be planned end exew
cuted at an earlier & te arnd at a. lower ’co*ba.l cost than if only cere
tain isolated phases of it are carried out at some later date, when
it becomes imperative ﬁo answer the demand from desién engineors for
additionnl deata which are needed in desigm:ing; the next new prototype.

Research fit'z ght testing can be discussed from another point of
view., It is soonomieally sound to test a prototype airplane enly if
the probability of having & serious kocident occur is below & éar*&ain
maximum, Although it 'vould be difficult to express this aocident
probability” as a numerieal relation, it obvijausly roes up ag the
number of new, expcrimental itoms and innovations in desizn on the
pro{m type iner @aaes.

if a particular pircraft design is of a highly experimentsl end
rigky noture, the “probebility of accident" can be reduced in two
different way.s. One way ooneists of traxsportirg the alreraft o a
large, suitably-flat and unobstructed area, such as a dry “ake, and
there gradually "f‘eeling out" the airplane in extenéive taxiing end

{



"short-hop™ tests. This method;‘lowers the risk of aceident somewnt,
but it car beecome prohibitively expensive from the point of viem of |
timé consumed as well as actwl cost, ‘ \ ‘

Anothsr wey of reducing the "probability of accident" consists
oi" testing various components of a new design on 8 piece-meal basgis,
Ey irstalling them on an older aircmf‘t of proven dosign, This method
bocomes 61‘ groat importanee if it begine &8 8oon a8 the work of
desig;:.ing. the prototype is stirted. Hesearch flight testing theu?':abe—-
comes a design ftmotién, 1e¢es 1t bocomes one of the tools which the
design enginecr can use to ‘obta.in solutions to eﬁrrent design probléms.

'I"‘light: testing performs best as a design fv.amti:n when flight
test personnel.s.g-é used in an advisory cepacity in commection with
new projects. Frequently, their practical advice "builds into the
rew alrplane” the lessorg of a great amount of flying experience wﬁich
are apt to be rérae'be from the design engiveer. Fxperimontal design .
features and new type accessorlies are tested in flight aé soon ava
they meke their appearance on the design emnpgiresr's drafting board.

Flight testing es e desim function groatly reduces the "pr§~
bability of acoident".,. It also cuts down the total amount of flight
testing nosessary after the prototype is ready and slimiretes & lot
of unsatisfactory items which "just gfet by" because it is too une
ecozzomiéa’l to elimirate them later on, corsidering bthe time vmi’ch wuld
be.required to do so. The ?IQI?E airplave was an outstending exsiple
of the use of flitht testirg as a design chti_oﬁ. This airplane was

ready for amepﬁm{ca demonstrations one week ~= 10thours of {lying
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time =~ after complotion of the prototype. In enocther notable case,

 the complete engine and cowl installation for the "Constellation”

was flicht testsd on a twinwengine medium banber,

- B

SUMPARY OF OBJECTIVES,

Eeoping in mind the various pvheses of flipght testing which have

been discussed, it is possible to summrize as folleows the principal

objestives of flight testing:

e

be

Ce

’d,

To determine and elimiz’mté any undesirable charecteristics
which a protots'rpe aireraft may have., {(This must be dore with
maximin regard for the safety of the flight test aireraft

and crew, ) |

To test a prototype exhaustively in as short a time as possible,.
so &8 to reduce to & minimum the é‘mount of'mizrtemz:oe work
neoessary to keep.tha aireraft flying and the number of pro-
duction stoppages due to the discovery of unsatisfactory
itomg when the é,ircra;i‘t ig »ut into regular use,.

To gather (and present in some suitable form) all date which
the services or & cmmerci;ll onerator will need to. operate

the airoraft safely and efi‘.ieient.ly.

To provide thevdesign enginoecr with suffleient flight resemrch
date to permit him to check the validity end a.ceuxacy"of

his soluﬁoné of important new problems encountered in the
design of & prototype and, insofar as it is possible, to

help him solve current problems which come up &s thé design

of the next new prototype progresses,

Only when flight testing mttempts to reach all of these objectives,

does it beocome of waximum value to an aircraft company.
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B, BASIC EEQUISITES OF GOOQD FLIGHT TEST 4G,

1. GEVERAL,

Hodern seronsutloal science has progressod to the point where
the successful aercnautical mg’f}neer mast avell himgelf of every
_poésible source of design information in atterpting to develcp a new,
-éuperior eircraft, These sources of information w‘lll‘ penerally in- |

-clude s

8, The latest research datle mrail‘able from wind tumel tests,
ﬂigzlt f:.ests, and laboratory tests conducted by his parti-
cular corpeny or by vari’ous research agencies,

b, Bvery latest refinement in nethods of methemationl anelysis,

4 ; 5

¢. Tis fund of practical krowledge based m'mfzt experience.

In using all of this desipgan informetion, the enginder will invariably
have to make many assumpbtions and extrapolations-in order to epply it
in some new way or in regimes not yet completély exploreds |

Further, the progress of aereonautics has made the modern aireraft

so complex, that the acrorautical enginecr is constantly faced with
the negessity of making & series of compromises between various conw
i‘liot?ing factors in attenpting to satisfy all of the specification
requirementls.- The relative importance of porformance characteristies,
safety requirements, serviceability, ease of production, and many

other fsctors must repeatedly be weighed agnirst each other as the
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design of an sireraft progresses. The prototyps which is finally
manufactured reprosents the design engineer's solution of the problem
of applying basic irformtion and making & series of compromises in. ‘
en att_empﬁ to find the best answer to a set of inter«dependent reguire
ments,
In gmmgrél, before an aireraft ‘cmpan'y can realige 8 profit m
_ its investment in the design and manufecture of & prototype, the
co?npany must be able to prove two thingss
. That the aireraft is safe to fly and possesses no scvrious
undesirable characteristies. | |
b Thet .M:/oan perform o aerﬁaiz;; task or mission more effioiently
than any other airomft, .64, that it can meet or exceed
specification requirements, |
The future of the design, often ever the future of the aireraft cam-
pany itself, depends on ﬁhe i“ir:ul answers wh:ioh are obtaised to these
two questizms', - Flight testing is important because it answers these
o queaﬁiona; Iib is the eritique which measures the suecess or
failure of the corpany's attempt to develop an elreralt whioh will
find & ready ’rr.za,rke‘c. This uﬁique resporsibility of flirht testing
immediately attaches to this function eertoin basie requirements,
"It must bes
a., Carried out with maximum regard for the safety of flight
test airoraft and flight test orews, |
b. 12«31i&b16 and é.ocurate.

6. Yxeoubed as repidly as possible,
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- de As complete and exhaustive as possible, considering the time
available and the cost factor.
e. Absolutely impartial in judging and pessing upén the merits

of various components sud characteristies of the aireraft.

)

2« CARRIED OUT WITH FAXINUYM RECGARD FOR SAFETY,

The disrupting effeots of the loss of a flight test alrecraft and
crew hardly need be mentionsd, The protetype airoraft iovariably |
represents a consi‘derable investment, It is & custom~built article,
invoiving the high oséﬁs of extensive specilal machining, jigs\ snd
fixtures which may be used only a fow times, and many eﬁcpensive 1tems
such as engines, propellérs, and various accessoriss, Flicht test
orews generally become of vaiue to e compeny only lafﬁer corsiderable
“bime and money has been spent giving them additional treining, In
© the cage of engineering test pllots » it is often exoeptionally
difficulf to £ind new personnel who are suitably quelified. Thus,
‘the loss of & heavy financiel investment, the job of finding and
trainiog replacements Vfor importent persaimel, and .ﬁho inealculable
effocts of the dslay encountered before a second prototype is reedy
Yo fly == any of these fnctofs may well be the begirming of the end
S o aSsaslt. sEmay. 5 1n Yiorednse nadmths ek aole sholld
ever bo done(in flight testing whieh will compromise safety corsidera=

tions tn even the smllest extentd,
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3, TELIABLE AND ACCURATE,

Unreliable or irmcourate flight test data, althoush bthey ray
be wmwittingly used as helpful exﬁdenoe in the sale of quantities
of aircm;‘t to & customer, cen only 1sad to grief, Vhere the customer
msy be a commercial operator, the grief will ‘s'sxpress itselfl as a
firanelal loss to the operator, with oventual disoredit to the aircraft
maoufacturer, In the wase of military aircraft, flight tests made
by the servioces will invariably show up the questizmabie neture of
the mnufaoturer-'s data. " The ensuing negotiantions can ofter cast a
shad.ow on the reputation' of en airoraft manufacturer for a long tire.

4e BACUTED RAPIDLY,

Such rapld strides are bemg nadé in the development of new
airereft that the obsdlesemoe rate has been greatly increased. Hew
digecoveries and technieal improvements constantly tend to deoremse
the useful, efficient spun of 1life of modem aircraft. Conslderi g
the new design only from the time it has reached the 3:rot9i:5rpe state,
it is necessary that evarythi_ﬁg possible‘ be done to increaso the period
of usefulness of that aireraft, This ean be done by cutbiang dowmn an
the flight test time, i,e., by correcting any desipgn fanlis which may
bs discovered, determining optimun operating &mracter’mticsﬁf the
~airoraft, and mlcim it ayallable for service use in as short a bire
a8 posaible;

Be CUMPLLTE,

In the Pinal anslysis, the reason for the “gtationery assombly

line", with all aireraft of & particular type gsrounded, ean often be
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traced back to the Plight test vhich was never made or i1s still being
§1a;mec‘1. There may, of course, be wany very roal resasons why the
flight test wes not made or was deleyed. Further, it rmst be expected
that abromal use under warti-e conditi ors will alweys continue to
produce service diffiqulties or feilures, However, it remainzg trus
thet if the initlal flight tests are as complete and exhaustive as
posslible, & great percentage of the prodvetion stoppages due to sor=
vice diffioulties cen be eliminated, An sdditionsl investment in
flight test instrumentetion end even additionnl test flights in the
‘first place will be less expensive then the same £1ight t.'.est later
on, vhen se:rvioevtroub;es make them necessary. Furthermore, disw
locations in the produetioh schedule are inveriably very expensive.
6, INPARTIAL, | - # |
The buyer‘ of 6 new aireraft will g;énemlly demand thet it meeb
all of'his specifications, Flipht testing must therefore be com=
pletely impartial in provirpg the reliability and debtemining the
characteristies of all of the compements of the alroraft, The high
performarce alreralt is not useful if a faulty fuel system prevents
operation at high altitudes., Likewise ,'a.l low landing speed with
flaps exbez;ded is not complotely eatisfactory if each extension of
the flaps requires servicing of the flap actuating mechenism, Of
course, the qug.ii%y of the work done by the design auginecr is the
prima;jv amﬁ major factor in determining how well the verious components

of the airoraft function. But £lipht testing must definitely prove
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that uwtder all conditions of use the operation of all of the come

_ponents of the airoraft satisfies the buyer's specificatiors,
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Co ORCANIZ&TION OF TLIGIT TEST ACTIVITILS,

1. GEUBHAL CnHBIDEW TTONS,

The following two problems must be considered in a discussion
of the organization of flight test activities:

8. Cogzpuny policies soverning flight tept activities == these

' policies deotermine the looation of the {light test orpanize-
tion with respect to the subdivisions of the coﬁzpf»..ny as a
whole and they outline the rolationships whieh shou'd ezis£
between {light testirg and these subdi*dsicms;-i;hey also
set forth the i‘eapox;ﬂibilities and limits of authority of
the £flight test orgacization. \

b, Polioies within the f£1 izht test orgarigabion =« these polie
cies outline the marmer in which the flirht test orpanien-
tion will operate to properly discharse all of §ts respou=
-8ibilitles, ¢

The extent to which Tlight testing is successful and of ':zalue.to
the eompary depends mainly upon the v:isd&m with which these various
policies are established.

There are prq’bably no questions in connection with flirht testing
which would be discussed end even ecntested with more vigor than those
concerning the proper organigation of flisht test activities. The
reasons for this are readily eopvarent, Oig,arz-i zations are developed
primarily with regard to veculiar corditions within a particular
busi- 088, ;“sctual applications of the i’v.miévnez:tals of good organigation

“differ widely in two different camponies, size in particular having a
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marked effect on the way in which an organization developa..

- The growth of various airereft companies, espgoially' during
the past five years, has not been e steady, prediotable process. |
Some entire companies have doubled and tripled in sigs provhimlly
overnight, The production departments of ‘eérﬁain conterns have grown
tremerdously with little eilafxg;e in -the size or structure of the enw
gineerirg departments whereas, in other cases, the enginesring de=-
partnents have grem in step with the peneral company exparsion. Ib
iz a well«known fact that durfmé: times of abnormal end unusual exe
pension, especially in a comparatively new industry, theré is fre~
quently little experienss upon which to base orpanizational decisions.
The problem ofl personelities then takes on greater importance and
bécomea a poverning factor in,i.:he reisaiuticm of orgarl asf‘ti(mal’problems.

Further, certain unusuel events in the histor.y of & conpany often
have & profound influenes on the organizat;ional_ _development of the
cmnpaﬁy. For exsmple, the airoruft compehy which, during the pre~wayr
period, may havé'sufferéd gevere setbacks beoe;use of loss of prototype
airoraft during flight tosts 1s verﬁx apt to have a st'x"ong, well de=
velmpé& flizht test .ergﬁnization today. (n the other hand, 'a compara=
tively small esmnany whose engineering éeparmen’c was suoecessiul in
developing new militery aireraeft o few years ago -- designs so superior
a8 t§ meet with immediate acceptarce by the services == might be
expected to be well davelopéé today from a productioz; standpoint, but
not necessarily insofar as flight testing is oomeérned. These two

cases are-extremes between which lie the actual courses followed by
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various aireraft companies in the historieal development o:é their
fiight test departments, Of course, the fectors which have been mone
tioned will influence not enly the £licht btest funciion but often the
entire orpanizeational structure of the company. However, only thelr
effeocts on the flizht test organisation are pertinent here.

Thos, since companies of various sizes are involved, with different
personelities problems in each company and with differont courses of
historieal development, it is nﬁtuml that differences of opliim
should exist ag to the proper organizatin of the flirht test function.
Hovwgver, it remins possible to discuss some of those policics and
practices which appeur to make & flight test orgenizetion of greatest
ﬁlue fram the point of view o‘f' efficient and cﬁmlete artainment of
its objectives. A complete discntséion of this squec£ would natzzré.lly
be rery lengthy end far beyond the écopa of this work, Tence, only |
sore of the more important questions are eousidered, In the ac{'val -
applicaticn of these paliéiés and oractices there will be as ra&ny'
actunl detailed solutions to the problem of orgenizing flight test
activities a8 there are companiles of different sige, with different
personalities problems, objectives, and finaneial problems,

2, CO'PANY POLICIES GOVEINTNG FPLIGHT TEST ACTIVITILS,

a. SHOULD FLIGHT TESTING RE A SUDDIVIGION OF TIB BHGINEVRING
DEPARTHENT OR STHOULD IT BE 50T UP oY THR SANS ORGAVIZATIONAL LEVEL AS
TiE BUGIVEIRING DEPARTIMNTY w» It is partioularly difficult to discuss
this question, since 80 many of the faetors involved depend on po=
culiar conditions within each company. In one sense, flight testing

is o mere continumbtion of, and oftime only a semll part of, the work

done by the engineorins deparbtmant. Yoi, flicht testirg is a very

’
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the final part, It is 8 "eatch=all", the company's last chence to
discover and correct hidden izmdequaeiéa in desipgn which may prove
@mging to its repubtation and fubture if the eircraft 1s put inte
sorvice before they are eliminated, In this respect, the relations
between flight testing and engineering may be sompared to those
exlsting between iﬁspectior: and production, Tlight testing consti~
tutes g "final inspection™ for esch new work of the engineering de~
partnent, ii'he;ar‘e is no lenger any question in alroraft companies that
continued h‘igh gquality of production requires en inspeotim department
which ig-autonomous insofer &s its rels;tions with the productim depart-
z;lent are coneerned, However, in tho case of ﬂight.‘cesting versus
enginas_rizzg, other facﬁors tend to complicate the issue,

The axiom of “two heeds are better than one" is readily —aaplica.ble
when advoeebting the use of an irndependent flight test orpanisation,
instead of one which is part of the enginecring department, for making
the final adj-uamenﬁs vhich insure that a new aircraft will be safe
to fly and will meot all spesificatien roguirements. It will be
adnitted thet & man, who is engrossed with the multi;ﬁle details of a
new design over & period of time, sométimés loses sight of the main
objectives and frequently becomes projudiced in repard to certain
phases of the design. Such & man will find 1t very difficult to make
the correct changes and proper compromises vhen flight testing ree
veals a flaw in one of his prejudices, This fdet eppears to be a

major influence in favor of an independent flight test department,
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o & par with the enpineering depariment, particularlff in the case of
the larger companies. (nly en impartinl judge, heving none of the
prejudices which often spring from préviaus connechion I;Ii‘hh the de-
tailed desirn of an airoreft, can be completely successful in evaluating
the prototype and making those changes and ccmprmﬁises which ‘wi.li’ ,
moke it acceptable to the buyer.

But, flight testing is more than a final phase in the development
of & new desipgn or a measure of the succens of the eng*rieering dem
pa'rt:mmt. The design of hew aircraft or of modifications of existing
edroraft very frequently depends on the evailablility of enginecring |
data whi;:h can be obimined only from research flight tosting, Often
data which are obtained from wind tumnel "bests or from mathemationl
anelysis eenmobt bb used with full sonfidence in the design of pew
airoraft without some preliminery oorrelstion with research flight
tasts results, Furﬁhamore. ﬂ.igh‘i: testing often ?roducas new ine
formptlon which may alter the very basis of certain desi@ practices,
In the Bense that it performs all of these functions, £1irht testing
is ﬁmn'aoﬁmlly & phagse of engineering. However, because of cost
considerations, research flight ‘tasﬁng, f.e., flight testing es &
désipn function, hes to be carried on together with and as a part of
f1ipht tests which are made to test and develop specific aircraft.
Furthermore, the amownt of resenrch flight testing has to be ecarefully
controlled end limibec'i to items which are renlly neeessary and impore

tant for, otherwise, experditures for research flirht testing can
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easily becone unreasonable, It is true that the amount.and neture
of research flirht testing can be controlled setisfactorily, if proper |
safgguard# ere talen, regardless of the position of the flight test
organigation. However, it is significant that the necessity for
pfovidimg this control over research flight testing avveers to have
produced & trend in the direotién of a stronger, nore nearly autonomous -
£1ight tost organization, |

An arr&ngemeﬁt inéblving aﬁ independent flight‘test organization
is potentinlly very hazardéus in that it greatly incromses the possiw
bilitles of ifriotion snd can deprive the engineering demartment of
ﬁhe‘sensa and satisfaction of doing a ooﬁpleﬁe Job. Special safe=
guards have to be teken to 1nsﬁre thet the quality and quantity of
work done by both depsritments are not diminished because of nisundors=
standings and lack of éppreeiation of each other's proglems and re=
~sponsibilities, If an independent flight test organization exists,
the questioﬁ of design chanres when major difficulties are encountered
in the tests of airoraft, the overall directiom of the entire f1ipht
tost program so that it is of mexirmm value to the coupuny, the
correlation of importent wind tunnel test data and the checking of ‘
the results of theoretiocsl analyses by meens of flisht tests, all of
these questions should beoeome agenda for a "flight testing department «
engineering department committes™. The comaibtee work fosters a
. proper group séirit anong nembers of the two departments, the spirit

‘of helping each other, for the good of the enterprise.
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b, THE ORGANIZATIOHNAL CONHECTIN TBT’“{?EW PLIGHT TESTING AND
AZROUTHAMICS e Flight testing and aerodyramies are frequently

associated with each other. However, this apvears to be an outgrowth
of historicel dwe‘l‘omaent rather than of praotical neoe‘ssity. In

its eariy stages, flight testing aonais‘be'd‘,of making a eﬂmpamtiveiy
simple alrplane safe to fly and 'Bhe.‘i.} gathering some approximate pere
-formance data, Yost of the work dome reguired a good aerodyviemiecs
baoke;roméd, henoe th§ roason fbr combining aerodynanics aﬁd f1ight
test, ' Tut it appears that of all of the flight test work which lms
to be done on & modern airplane, perhaps less than 257 requires
aerodyramic inberpretation.

The combinatim of eerodynamics and flirht testing may be advane
ta geous ‘in a small company whaere there is an ,ixﬁast;fficiexxt amount of
work to warrent the fulletime smployment of e good aeroglymmiais*b
on flight test work. \and another one on thearetical asrodynamics in
conreotion with -desién work. However, 88 68 COMpany grows, theoom-_
bination of t‘lig;ht testing and aer'édyﬁamios ie apt to bocoms somewhat
risky, whether the cambination be part of the .éagi\neering department
or separated from it |

\An acrodyramiolst is not always eritienlly observant of the pore
formance of all of the compements of an aireraft. He frequently
concentrates on such items as drap smd propellsr effieiency and overe
locks items sueh as the fusl .aystem and the electrical sysbem, iiis
£light teatiﬁg 'is apt o become academio in nabure, with the inclusion

Aof many test ltems which could not be considered "aeoro~-coconomic”,



wZ4m

Of oourse, these ef‘f‘e,ets can be, aﬁd are, minimized by keeping the _
funotions of flight testing and serodynemics distinet from each other
and, as the orpganization grows, by adding £light test persomnel who
are gspecialists in the amlysis of the various cmnpo#ents of an air=-
craft, However, in the case of larger companies where flight testing
is not part of engineering, there does not mpoear %o be any Justifie
‘cation for making the engineering department dependent upon esnother
department for theoretieal aerody'nami'cs worlk which is reélly part éf
the job ef designing e new aireraft. The solution of this probiem '
appears to 1ie in the provision of & sufficient number of qualified
acrodynanicists in boﬁz the flight test and emgineering departments,
pemitting eaoh orgarization to perform the aerodynsmies work which
falls in its own sphere of influenee. The work of the two groups
‘should be coordinated and results compared freguently by a suitable
commi.&bee. There woulad be. no reason for competition between the two
aerodynamies groups, and a regular intorchange of acrodyramies perw
sonnel between the flirht testing and engineering depdrtmen{;s would
probably be of ssenlorelits velus dn promoting coordirated effort end
a spirit of cooperation,.

Ce RiﬂSPQ?ﬁSI?’%ILIﬁ."j’."r'?S ﬁ;!*’{'f') LIVITS OF ;;K?TEIOPI’I'Y OF THE T'LIGHT TE3T

DHCANIZATION,

/ ‘ _
1, General Discussion = One of the first rules which is

apparently followed in ,organizing; flight test activities is the lumping
of responsibi.lity for all of the various phases of flight testing in
one organizabtion. This is done reg;ardless. of the nature of the test

item or the nireraft component with which 1t is concerned. Flight’
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testing becomes en organization of speclalized skills for doing any
£light test job safely, accurately and campleﬁely, ranidly, and at
minimem cost,

In the past, specialized flight tesf projects have occasiorally
been put in the hands of warious specislists who ma}e not mermbers of
the flight test orpanization., Yor example, & stabllity and control
‘ engineér.~reéular1y assigned to the enginsering deparbuent, mirht de
given the tesk of carrying out flight tests on a new-type flap,

- relying an the regular flight test orgarization only for asslrment

of pilota and some administrative assisbance inmetting the test gire
piane into the air" and having the required test performed, The speciale
ist with his special flight test problem beoomes an.intrudo§ in.ofar »
as the repular routine of the flight test orgenization is concerned,
espeocially if he is eniy one of a gro#p of men with various assignments
of 8 similer nature, ¥Huch sa& sxperience has anpare.tly caused the
disgontinuance of this practice, Primarily, disorganized flisht testing
becomes prohibitively expensive and complicateds Une aircraft may be
flown for meny hours at rreat cost o £ind ﬁhe answer to only one
question, whereas with carefully inteprated tests, the flishts ocould
have yielded the snswors to many additional questions et much lover

cost per answer. (The actual value of the arswor obtained is'often
limited by virtue of the faoct that it wns impossible to obtain the

éame pilot teo run the whole seriles of tests.) Thus, with disorsarized
flight testing, the amount of data obtained per hour of flying tine

decreases and the numbsr of test alreraft necessary to do & ceritain
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amount of work incroases, As the number of test alreraft inczéasea,
the problem of Assiming arnd keeping brmok of prio;'ities mageifies
itself, and maintenarce and instaliation work beecries ce-nfused and
involved bocause of & multiplicity of orders ard a prester number of
aireoraft, |

Sometimes there is & belief that en important special tosk
can be performed more rapidly by the assimment of a specialist
outslde of the flight test ofg;anization. This is very freguently
not the case., I'light testing is a suffieciertly spccielized job in
itself so that it camnot be "just picked up®., - The multiple details
of‘preparix;g an eireraft for a {light test, detanils of test instru~
mentation without whieh the flizbt tests will seldom he of any anpre=
ciable value, can be handled most efficiertly by an organizetion setm
up to take care of them in a routire wannsr, The specinlist has to
find out aboub, perforin. and worry about detailed matters which,
ordinarily, would have beon taken oare of repidly end sutmatically
by the i’light test orpenization. Furthormeore, while he is doing these
things, the theoretlcal or other #:ork which he is best qualified to
do and for which the company is paying him, is being neglected, _

The case of accelemted service testing is & nossidble ex-
ception. By lte nature, accelerated service testing is somewhat
'dif‘f.‘emnt frqn any other phase of {light testing. It does not reguire
eny special irstrumertation and does not have to be performed under
ideal weather conditions., Thus, it is frequently org;f,anize.c‘z as o
distinet and seperte function. IHowever, close liaison must be main-

toined bebween Ilicht testing vropsr and acgelerntod service besting
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to insure thai a-&y basic diffieulties encountered durinp acoelerated
scrvioe tests are promptly investipeted and élimimte&. A pood
example of the tyve of difficulty which is senetines en;somt@red is
x‘:’hé gase of & ;g)rototypé sireraft which succesesfully passes all orie
ginal’ flubter tosts, Accelerated service fhésbs begin and shortly
thereai‘éer i‘lui_;l-tex; difficulties developn, é.ue to en insresssd amount
of play, eaused by wam'; in the control system. The flight test
deparmenﬁ nust be made eware of such difficulties s saon aé they
poour and it must determine and flipght test the proper cgrrective
design shanges as soon es passible.

Thus, with the possible exception pointed out in the pre=
coding paragraph, effective flight testing must be complotely organizeds
And this Goﬁpleto organization must nﬁm&h to £lipht testing at least
the following responsibilities:

a. The detailed plenning of the entire flight test program,
including the eghabdblishment of nriorities for various
toste.

b, The mainterance snd instrumentation of test adrorat,

0. Taseution of the metual test nrogram,

. de ﬁe‘ceaminizzg the chenges necessary to remedy items which
| are found unsatisfacbory during the course of flight
toats,

2. Plaming the Test Progrem and Fatablishment of Prioritice
fé):’ Various Tests = The couplete u‘tili'mtian of every minute of ex=
 pensive flying time requires that esch test £1ight be Srafelly mnd |

oanpletely planned, A& single flight may cover & variety of items which

i
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have %o be tested at dlfferent altitudes and under different condltionse
Careful planning will inbtegrate these varicusg test itemc so that all

of the tests are mdé end the required dats obtained in a minimum
anount of flight tine, |

Furthermore, in the case of large alrcruft to bo tested
ot high altitudes, another factor must be considerod. The testing
of a larpe aireraft generally involves & considerable number of peo=
'ple. Considerable work has ‘to be done by ground personnel to insure
that the aireraft and the flight test equinment are functioning
satisfactorily., The flipght test c;z'ew, numbering often as many as
ten people, has to..s‘pend some time reading oxygen eguipment and undere
going denitrogenization, Vith all of this work to be dore in prepalre.n
tion for a btest flight, it is gcaeraliy u'nacc\nemﬁ.oai to make f‘)_.ifgh‘?;s
of less than several hours'! duration.

'i‘he plasming of o i’li;;h? i;.esﬁ pro@'am' roequires the estabe
lishment of priorities I’ér the order in which the vrork‘ will be pore
foﬁﬂ;ed. This is espeecially ‘ﬁme in %tire of war, when the volume of
work to be done by & group of i{rxéividmls generally multiplies cone
siderably, Yeny factors have to be considered besldes the overall
importanse of & partisular projeod, vhen es‘cablish.ing priorities for
different flight tests in & compeny. The relative importance of the
 projeet, the ailreruft which will be svailable to perforn the ltest,
the anmount of time neoessary to make the required test installations

in the aireraft, tvoes of tests to be made ond amount of Tlizht time
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roquired, pltitude at which the test must be corductek, and many o%her
factors must be considered if an efficient, economical, and welle
3 %egrated test progranm is to be plarmed, ‘

The entire process of sebtting prioritics and plarning tests
can be handled properly enly by someone who 18 Intimiely connected
with all of the flicht test projects and aware of all of the factors
which must be considereds I% is au easy matber for any one iﬁdivi-.-
duel to find enocugh veasons why his varticular project should be
given first priority and therefore camletod immediately, by itself,
to the exclusion of 511 others. But such action repidly makes flight
tés’cing prohibitively expensive Trom the point of view of the amouub
of egquirment and number ai" perso}mel reguired to do a ecertain amount
of worl,

Uxperience anpears to -indicate that the entire flight test
progran in a perticular eireraft company can he planned and c?a_rried
out with *aa*cmmn effieiency when the flight test organization is
zgovqrned by only the most peneral i;;,fgm of priorities poliev and allowed
to use its own judgement in determinirg the order of various tests.
The geveral 131=i£;rities poliey (uswally sct up by maunapgement) should
specify, at nost, the relative importence of only *E:he ma jor flight
i;ee;t projec:bs. ' | |

3s The Fﬁmin*bsna;noe and Ingtrunentation of Teast Airam:lt‘i: -
Compared with airline flying or prjodu'ction £light testing, exporimental
£flight testing is never routine, it alweys involves samething differe

ent, something new., It requires a different type of mentality, a
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diFferent approach to the problem of a flying &irplanev. Good fligh’t
testing demands metisulous attention o daﬁails of siroraft mm_ . |
tenance and installation of flight test equipment. - With this &btene
tion, flirht testing is successfulj without it, flight testing be=
comos jusf so much very expensive flying. Fof example, mny days of
preparation and 'many hours of flying ocan be made valueless by soroe
tfhing; as simple 28 a leak in the airspeecl system, Again, Y whd_lé'. :
series of tests to determine sileron effectiveness may have to be
repested because of & minor change in éonﬁz;uration of the wing- for=
ward of the ailorons; something as minor as a muddy wing mey have a
marked and measurable effeckt, The proper control of these factors
reguires more "brains in the ranks® than is required for roubine
airline or production test flying maintenance work, .i.e. it requires
| ﬁig}aer level of inﬁelli_.g;enee anong the nen who mintavin flight
test aireraft end install and r:aintainvflig;ht teost instrumentation and
equipment., It 15 almost impossible to obtala end keep e high level
of intelligena‘e amony these men if they are under the supervision
of someone.who is not copnected with exporimental fliéh‘t testing,
if they are frequently shifted around, and are not given the enpore
bunity to get the continuous, specinlized training and experionce which
they need to become proficient in doing work on flight test eireraft,
True, it is gquite possible to simplify the maintenance of .
Ifli{fh‘h test, production, and ocompeny airoraft (uséd for personel
transports) and to show e definite saving in cost by combining all

maintenence and serviee aotivities under ono department. IHowever,



it is easier still to prove that the cost of orc ruined test flight
wlll often be greoter than the btotal y@arly.expanditure for separate
mintenance faocilities for £light test aniroraft would bé. Furthermore,
aside from meesurable cost considerations, the delay involved in
making & %est flight over agnin to g§£ urgerdly needed data mry often
prove demaging insofar as the production schedule is concerned.

4, FPxecution of the Flight Test ?rag;r‘&m « The flight test
orgaﬂizaticn rust be given the wnqualified responsibility for ecarry-
ing out the astunl test flights in the manner deemed most suitable
-for producing the required resvlis. Good flight testing involves
careful technieal properations, painstalking attertion to minor dew~
tails, and well=controlled test flighte which inveriably have %o ba
carried out under speclal weather conditions, In the oase of one
connany which the authorgs ocomsidered to be welluorgarizad, it was
found that, over & peried of three nonths, approximetely 75 man hours
of mpintenande and instrumentation work and 27 man hours of enginesriag
work were required per hour of flylng time, These facts are often:
forgotten or overlooked in a spirit of emgerness to get the job done,
This forgetfulness ofter lends to administrative controls or poli=
oles which are meant to "set the pace" fbr‘ﬁhe flizht test organigation,
The more common of thesc ares & tendence to judre the per ormance
of the £1ligh{ test organization on the basis of test hours flawg. or
evon & requirement specifying the mumber of test hours to he flowm

in & certain period of times and & tendency to require completion of



certain projects within e specified period of time, without a thorough
cousiderabion of the problems which may be encountered.

If they ars not used with eonsidgrshle _valédge and judge
ment, such administrative sontrols can only lead to g;riei‘.in the long
yun, Flight test projects, like sny other research pmojects, s};ould |
be reviewsd periodieally and cheoked for eaﬁiafe.ctory Progress,
.iomvw§ an wninformed, arbitrary reqxf.irement that they be completed
at & cortain time can result in the expenditure of considersble effort
to _explain ghy the requirement agnnot be met, or it can lead to.fuﬁila
atbempts to perfom satisfaobory fligbﬁ tests with imdéquate irgtrus
menbation wnder ques_{:ionat;ié weather ccmditior,:s. It can also lead
to diseater, Safety demands that flipght testing Ve earried cut in a
delibem’cf.a ﬁmmar, hy persamnel who are nob tired from overwork and

are piven time to scrupulously avold teking ummecessary chances, even

. 4P niromi“b have to 'ﬁe grounded for #nixatenance work snd important
tests delayed, A desipn dreftsman who mekes a mistake or overlooics
something ean meke corrections ‘ée-veml dayé later, However, mistakes
or oversights Ain flight testing generally have frightfizlly finel ree
sulte, | | |

To require an arbitrery anount of flying; ixwol'Ves the risk
of baing caught with an sireraft needing maiatenance viork at & time
when 8 combination of sood weather and more adequate irstrumentation
would have made possible & test flisht with satisfactory end complote

reysults-.
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B ne*!;aminmg Changes ?:’.fecéssazfy to Remedy Unsatisfactory
Itens Found During Flight Tosts, = #ith the advent of the tadependent
£1ight tost orpanization, there has been '.some tendeney to consider
flight testing as & se:;viée functior, awthorized anly to colleot flight
t;aaé data for wvarious subdivigions of the &igiﬂewing department. The
ragpongibility for Qx@ﬁétr‘mg; tests and teking corrective measures
when unsetisfactory ;%:éma a;re mem;mtered on ar alroraft is assigned
Yo the enginsering ‘dﬁparb.mnﬁ; 8-&9’21 an arrangement may be the only
al*bemﬁi‘:ive if it is amiderad unwize or ‘1mpm§siﬁle' to assign the
required mumber of qualified flight test engineers to the flisht test
o'rganiaation, Hamvér. it ey .begas':ze; ungatisfactory for wy of ‘chel
following rensons 1 . |
6. The advantages of having "two brains" attack a comon
preblm‘ are immediately Iesﬁ in such an arrangemsny, Flight
testing should bring to the development of airemﬂ; & strong,
imparié‘-!m desire to see the sustomer's specifications |
éahigfied; I%¥ has been poi_nted out previously that ib iB
generally more diffieult for the engineering dapwtmnt'.%é
‘aporaise its work britieally and imvartislly, from the
austorier's point of view,
b, Unuaval end costly delays are often encountered when
'i‘lig&ﬁr i:estin'g performs merely as & service funetion. It
vis very Aaifi‘iculh 2t times to adoquately desoribe an mmusual
phenmnénon which socurs in the air éurflng a flight test,
Considerable time my slnpse before the required date are

available in such form and in sufficient quantity so that
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the engineering departnnexﬁt can understand campletely just

what is happening, Test flicghts 'b}\en may have to be ree

peated té‘ permit engineering departuent personnel to aetually
ohsem‘the difficulty as it eecurs, The entire process

is oné which raqufl.réé a great deai more‘%j,.ime than it would

require if proper declsions eonoerﬁing 6orreotive neasures
were made shortly afber tﬁe flight during which the _ﬁrouble
kis encounterod, | |

‘9. Under such an arrangement, {light test personnel bee

. oone xminfomed, they do not alwmys understand and apprew
oiate what they . doing, and they lose their semse of
doing 8 complete and sonstructive job, then ~*l;he anount

- of fi._ight testing inoreases, the engineering depertment
my encounter & growing reluetance on the pax-t of the
ﬁigh‘b best organization to perform im;;ormm; flight tesate
without extensive queaﬁiq;ning end arguing aﬁout their
necessity and ﬁmpormm.: \

411 of these factors, if they were premitted to exist
simultanee;mly, could so reduce the effectiveness of flight tesi:ing.
aé to méke it prectically useless as a tool in the development of
new sireraft. Thus the flight tsst. orpanigation should never be
pemitted-"be beoome solely & data sailecting agoncy.

‘ However, the £lisht tost organization should neot oconsider
authority to make corrective desis chanres. as. 8 licende to do as
it sees £it,; by itself, without any considerntion of engineering or

production problems. In such a case, flight testing bocomes gulldy
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‘of depriving the compeny of the benefits of having "more then one

heed" work on & common problem. Vhen design difficulties are encountersd,
the importaﬁt guestion is not "Uho will decide what to do?', but rather, R
Mihat is the best way of elimineting the difficulty?" Thé‘final dew
oision should naturallyaba made by the flight test organization bew-
oauée, in the final snelysis, it is the responsibllity of this organie
zation to insure thet the aireraft is what the customér‘wants. But

tﬁe declsion cean be and should be based upon edvice from enginesring

and production personnel which should be awvailable to and teken adw

~ vantage of hy flight test personnel, "Flight ﬁesting, engineering,

and productiom" comnittoe action on more importent design changes will

po far te Improve working relations between these departmentis. It

vwill give the engineering department the satisfection of éoing &
complete job, result in desisn changes which meet with ready aceeptaneé
by the production department, and still develop an alreraflt which will

be aoceptable to the buyer.

do PUPSGHYEL POLICIES, =

1. Health of Flipght Tesﬁ Persormel ~ Safety conslderatimns
 demond thot ali of the.memberﬁ'of a flight éest ereow perform their
respecﬁive duties properly at all times. Aésumingva krowledge of
correot operabing technigues, the performance of the flight test ora&
depends largely on their éhyéical conditior, This is eéﬁecially true
when a great deal of test flying ié done at high altitudess

lThe servieéa of & flight surgeon versed in aviation mediocine
should be gv&ilablé at all tires to flirht test orews. \A hichew

altitude chamber is indispensable if flight tests are going to be
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performed at high altitudes. Tﬁe bést in high-eltitude flying suits,
oxygen mﬁsks, and oxygen equipment should be pravidedQ In.general;

any reas;nable 1nvestmént which the company esn make to'prbmota the
pﬁysical wellwboing of flight test crews will be worthwhile. If proe
par‘preventativa measures are taken, there should never be any occasibn
fo tormirete an important end exgensive test flight because of phy- | |
8ical incapseity of a crew members .

2, Tngineering Test Pilots = Modern £lipght testing cemands
that the test pilot be primarily e goeed pilot, with a more-than-usual
anount of ability to do précision fl&ing. However, modern test fl&ing
also demands that he be an engineer, preferably sn aeronautiecal
engiﬁear. ‘The only acceptable substitube, in place.of f féraai engineering
edhoaﬁiqn, appears to be & congiderable amount of test=-flying expere
iénce, cbupled with an open mind and a willingness to admit thet good
instrumentation is invariably more accurate thea a "calibrated test
pilet", - | !

Whenever the rare‘coﬁﬁination of géod pilct, good aéronautioal
- engineer, and good exesutive aem bo found, it isioommdn practice to
choose such & map &s the head of.the flight test departments Othere
wise, the anginéering test pilots are made part of the fiight test
departmerit, responsible to the éirector'of.that department whether
or not hevﬁe a pilot. This.arrangement appears to.be ve;y satisfactory
from the standpoiﬁ£ of eﬁabliné test opilots andvflight test engineors
to work together eloselyyas a team, with mubun)l respeot for and

appreciation of emch other's abilities. It also eliminates & conw
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siderable amount of the friction which is bound to ocour if management
receives unecordinated flight test reports from two difﬁ‘erent sourcas,
from the test pllots end from the flight test org;&nizai:i‘on.

3. Vorking Hours = Flight testing depends to & preat oxe
tent on the awvailability of good flight best weather., The flight test
organisation which does little flying for a time because of bad weather
my-sudc}mly be ealled upoﬁ tc; spénd whole deys flying vhen the wenther
becomes suitable. It is generally advisable, because of health and
sdfety oonsiderations, to limit the maximum continuous working peried
of flight erow members and to require reporting to work later then
usual the i‘alléming moming when a test flight lasts late into the
avening. ‘ A

Vhen flight bsting is in progress, it is advisable to have
maintenance erews &t we.ric- early in the morning so that test aircraft
my be given a pre=flight inspeétion, aad be made ready for use by
,i:he timo the flight orews report for duby. Also, if flights are going
to ,‘.Lasf. late into the evening, it is well to have stenograchie help
available so thet imporbant flight test results can immediately be
dioctated and typed, in preliminary form, ready for distribution eorly
the next mowming.
| In general, the entire matter of working hours for flight
tx;st persormel should be'a flexible one, vlef’c up to the discretion of
the afrestur of $he FIAME boek digertoink, A rlold vokiebon
schedule and efficlent oporation of the flight %;est orgnn‘lzation' ere
incompatible, especidlly if the working hours be set by company
policy without due resard for the requiréaemts of the flisht test

orgenization, i
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€, COST CONTROL « Cost control by meens of a budget is one of
the most effective tools avail_e.blé to renagement and needs little
comment here. The cos{:'system'should provide for the collectiom of
dnta on various expenditures for each flight btest project. Deta on
exponditures=to-date should be available and oonsulted whenever flight
:t:est p‘rojectq are being reviewed for progress,

- £y ACCIDENT BOARD = An Acclident Board can be organized in & very
short tﬂxﬂé and will save & company much grief if it is ever needed.
Specific instructions should be issusd to the telephone switchboard
operator, coﬁaring the mmeyr in which all members of the Accident
Board, or their alternates, . should be contected in en emergency. 1+
The Board should be ready to act at a mém{mt’s nabice, hav:'mg-set
" procedures for the folleowing: insuring that medicel aid and fire
equiment is dispatched to the éroper locations condusting er investi-.
éation; g;uardingthgdamged aircraft; handing out information to
the press ;l and answering telephone oalkls. Gene mlly, the Accident
Board should funotion under the direction of .a member of the migm
Tést Department end shauid inolude an eng,inee'rir@ test nilot, the
project engineger, the flight surgeon, and representatives of menu=
facturing, publie rolations, plant protection, the lepl staff, and

the gervices.

3. POLICIES WITHIN THE FLIGHT TEST ORGANIZATI(H.

‘Be SAFETY OF FLIGHT TECT PURSOMNEL AVD BQUIZEUT « Flight testing

is.a science in which there is 1';0 substitute for experience. The



30w

Judgment and declsioms of an experienced man will invariably bs tome
pered by the thoughts of many ineidents whieh, with a little less
luck, might well have been disastrous. One of the’prim‘ry' reguisites
for insuring safety in & flight test organization is en administrative
poliey which dsfiittsly plases the respaneibility for all important
decisions in the hands of the vezperimc.'ed-. key éer-ﬁmnel.' For ei:mnple‘\,
the detailed plans for edeh test flight should be subjéet to rigid
inspestion and epprovel by the chief flight test emg:ineér and by the
aﬁief engineering tes‘ﬁ pilot (or their first assistents), prior to
each flight, This is eépeeially important when néw airoraft are being
tested, Deviations from £light plens during the test {lights Shoul»d
be allowed only in the cs_ise of minor items, except on those flights
vhere me of the key men is acting either as engindering test pilot
or flight teat engineer. |

| The detailed installation demwings for flight test instrue
mentation should alse be checked clesely by ;experieneed persomel,
espeoinlly where the izwtﬁmmmtlm‘i 4nvolves the power plant controls
or the primary flicht control system. All such instrumentation should
be desimed so as W give ‘the 'pilo'ﬁ ell available cortrol of the aire
plane, should he roquire ik in an emergency. For example, in fuel
consumption {:-esf;s. it should be possible for, the pilot to instane
tamou'sly switeh on & by-paés for the engin‘e fuel supply in the svent
of failure éf the fuel=flow measuring system. Where tests are being
conduoted to ehe&: the structural integrity of certain portions of

the aireraft, every effort should be made to provide the pilot with
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 suitab1e warning‘devieeé_so that he knows when near-oritioal loads
ﬁare being ensountered, It should be constantly remembered thet the
safety of the £1ight ereow and test srerart 1l entirely in the
pilot's kends during & best flight. His responsibility is a great
one énd every atfemét thuld be made to assist him in discharging it
proparly. Lack of experience among engineers often results in a lack
of appfecigtion of the»pilot's task which should never be permittgé
to mpifest itself in the form of experimental installations which
hamper or,limib'theApilot in axerciaing complete control over the
tésﬁ aireraft,

A systemntic treining progrem fbr flight orews should be a |
permanent part of every flight test orgenigation. The program should
include £1ight training for pilote and so-pilots, @dqr the direction
of the chisf englineer ing test.pilot. and engineering treinixg for all
flight créW'mnmhefa, under the direction of the chief flight test
engineer. In eddition, every attempt should be made to zive peoinl
engineering tr#inihg t& pilots who do not have v formal engineering
educatim as part of their baqurdund.‘_fhesa trainig programs‘should
be emtinuous, although they mey be gsoheduled at 1rregula£:inturvala |
to teke advantage of slack periods when good fliéﬁt test weather is
not aveilable. Nothing should be left %o chéaee, no men should be
permitted to per?oxm,é'p;rtiéular funotion during an actunl test flipht
uétil he h&ﬁ previously demonstréted his ability to do it satisfactorily
with eomplete safety to himself, to other memﬁers of‘the crew, and
to the test aireraft. Thg training program should be es prectioal

as possible. For examgle; 8 fuel flowmeter operator should be §equired
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to demonstrate his ability to perfom satisfactorily while dressed
| in high altibude i’lying; clothes, wearing his parachute and oxygen
equipx,;mnt. The principel objective of the training program should

be to insure that all members of & i‘li@)t erew f‘n-e unquestionably
qualified to perform safely and properly the duties which are assigned
to them,

A rigid ocontrol over all work which is done on fligh’i; test
aircraft is necessary. I‘b‘ should .inelude_mintemnce work as well as
installations of special equipment and ingitruments, This ocontrol
should rest in one individual s gonerally the flight test engineer
assigned to & particular aircraft, The method of eontrol should be
such that before a flight the test pilot can readily detemrmine what
worl haé been déne on the airoraft since the last flisht, The .preflight
inspection of the airplane should include & check of all special

- £light test equipment and inis‘trtmenmtion. (In additio to safety ocon=
siderations, the importance of gathering as muoh useful and reliable
date a8 possible on each flipght mekes the pre={light checking of all
flight test equipnent absclutély necessary.)' Before each flight,
the pilot and flight teé;t engineor should have definite evidence that
the complete aireraft and all installations heve boen inspected and
checked for satisfactory operation by qualified personnel.

Plight test personnel must alwoys romewber that flight
testing is seldom roubine, The desiyn of each new airoraft cons ists
of a seriss of oozvpi‘om:}.ses botween weirht and structural reliability,

betweor simplieity and satisfactory onorstion under all apeeified



eonéltions. These compromiges demand that the caprbilities of sn
aircraft be determined gradusnlly. They demnd that no main component
of a new design bs tested under wvrstl voseible conditions withoub
first beinp opemted suscessfully under lessegsevers oircumstances.

Finally, the unexpected must alwavs be anticipated and pro=
vided for. Imergency procedures should be esmblishad and pmcticed
at frequent intervnls by all flight crew members, These emrgency‘
procedures should cover f&ilure of oxygen mpplyd: hipgh altitudes,
firstenid treatment of personnel vho become physically disabled d‘uring
high altitude flights, snd order end manner of. hail-ct;'b. Common
sense requires that as few key persormnel of the flight test organizee
tion as possible should take par'ﬁ in the saﬁe test flight, especially
during operaticnal tests of & new vrotobype,

' Considernble good Judgement has %o be used in establishing
edministrative policies and controls which will insure' that safety
| requirements .and safeby chSidemtimflS are never neglecoted in the
execubion of the fii;'—*h*b test program, Th-e fixed policies and cone
trols must naturally set more inclusive and more deranding as they
effeot the activi’cies of personnel with less experienoe. However,
they m&st be limited only. to items of importarce and so us;ad as to
help the inexperienced man disohargs all of his responsibilities
more rapidly, in a systeratie fashi&x. These pnlicies and controls
must be reviewed frequently and revised whenever resessary so o8 to
encouwrage rather thean limit the use of initiative on the mr’a‘ of the
yowmg éngineer who is governed by then anc} vho, most frequently, will
be the first té detect their inadequacies ard limitations. !owever,

the striect adherence to established poliocies must be demanded for,
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wif:hmzt 1t, the less~experienced personnel will be mkmg decis:.ons
which may easily lead to loss of vaiua.ble peraormel and eguipnent.
A gpiri'b of tearmwork must preveil ard each mewber of the flight test
organization tmst lmow his own limitations and accept admindstrative
. policies as the best insurance of safety, rather than regg;az;d them as
necessary evils, \

be TIE EHCINEFRING TEST PILOT - The eng;ineering tes’c pﬂot
ganemlly 'bring"s with him a vast fund of practical lmowledre end
experience which can be of immenge value to the flight test organizaw
tiom. Primarily, of course, the pilot possesses a hi{%h degree of
skill in the pree‘aisioxx flying of various tynes of aireraft. However,
sanme companies have often hired test pilots whose flying technique
needed additional development‘ and improvement when those pilots
possessed other qualifications which made them of atill grenter walue -
'to- the organization. This has been especially true when the pilots
in quesmon heve had & formal engircering edueation.

The good piloteongineer is & rare individuel. lvery attempt
should be mde to insure'th%xt both his flying and engineering abilities
are fully utilized, Trequently, he will be found most valwble s &
test pllot of single=seater aireranft where he can also perform as a .
qimlified eﬁéineering obgerver. Ie is »ﬁarticul&rly valuvable when ,
beeause of lack of irstrumentation, only qualitative tests e.rei‘ being
'made to determine the flying quel ities of an airereft. A test: pilot-‘
engineer will save the oompany much time ond money ty being a‘bl'e\to
speak the ae.z'eé;smamiﬁist’.s languege in desoribing de.‘.'i‘/o_ienoies in the

gontrol system end sugs;aéting; methods of eliminating the difficulties,
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On the ground, he should be allowed to play & part in the approval
of detailed flight test pleina and hzstallation drawisgs of flight
test equipment and instrumentation, eapecially where th;a engine cone=
trols or the primary flight control system is concermed. IHis judgment
and adviece will of*be;n'help the fligcht test organimtidn avoid many
expeonsive ﬁcura of grief in the air during flirht tests,

Test pilots who are not eng;ihe&rs will froguently be found
qualified to perform sone gxaﬁnd funetion in coinection with the
administration of the experimental flight operatims office. It is
impor‘t;ant that all of the abilities of test pilots be fully utilized,
not only to kesp them busy while not flying, but to iasure that they
acquire a- genuine interest in and boecome thorouphly acqunintéd with
the rany engineering and practieal problems which have to be co:asinzztlj
solved %o mke fliprht testirg of walwe. Only when the pilotg work
very closely with these problems will their fund of practical krow=
lédge end experience play & part in and be of value in the daily
aotivitios of the flight test orgenization., Of course, whenever a
pilo‘a is e,ssig;:xéd respansibilitios of a conbinuous nature, it is
important thé“h measﬁres be vaken to prevent his work from becoming &
bottleneck when he is cé.lled upon to do a lot of flying. Smcr Best
flying is not alwa&s very regulay insofar as the individual pilot is
oo"';eiefned, this problem has frequently limited pilots to non=flying
assignments of an advisory nature only.

A common problem in flicht test organigations 1s the one

of dividing responsibility between the test pilot and f1light test
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engineer so as to insure a zmiximm amount of cooperation and & minimum
amount of friotidn. The ideal solution to this problem.is found when
a sufficient number of pilote-engineers are available for assignxxmt
to the vanous tost aircraf‘t. with the flist,ht test ergireers as their
assistants. The pilot then becomes responsible for all of the details
of plaming and earrying out tests assigned to his aircraft, Un—
'fortunat;aly. a suffieient number of piloteengineers can rarely be’
found, It appears to be cormon .prao'tica in such cases to meke the
flight test engmeor responsible for the deta.ilad planning and pre-
‘paration of elreraft for the tests essipgned. During an actusl test
flight, the test pilot is rsspnngible for all deois:loné on mathers
of safaqr,'but he is required to follow the irstructions of Athe flight
test engineer insofar es the details of conducting the test are con=
cerned, Such an arrangement is frequently wnawoidable, but it is
an whappy oné, at .bsst, and sometima's leads to friction over a period
of time, wntil both pilot ent englreer learn to appreciate each others '
abihties and begin to realize their ovm limitetions.

¢, PLANNTNG AND CARRYII‘XG OUT TVE FLIGHT TEST PR R:”K. « It would
be an endless task to discuss the multiple problens which are generally
encountered in plannmg a sound, sensible i’light test program. :En
e.dditicm to the tests found necesse,ry ard. plamed by the flight test
dgpa.r't_:mmt, requests for varitmé tests are received from meny
sé;ur.ce's anong which may be project engineers, the ‘production dew=

partment, and the aerodymamics or the wind tunnel subdivisions of
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the engineering dJdepertment. All of these test requests or "test items"
are assigned proper priorities, the rmjor ones in accordance with
prevaiiﬁ:ng corpany policies as to thelr reletive importance. Such .
factors as instrumentation time and flight time are then .consi dered
and balanced against the' px;iori'bies. The "test items" are sssipned
to various test airecraft in such a meynner &8s to insure full utilization
of each test airorafb; both on the ground end in the air, and yet
minimize interferences betwoen various test items which might seriously
‘delay a .hip;h-.priority test for one of lower priority. | |

| The "£light test team" scheme appears to have been success-
funy applied 'by most flight test or.gg%miiatidns for perfoming the
de{:ailed viork of planning éach tost, flight, preparing the particular
airoraft for the tests, and actually earrying out the test Tlights.
- The "flight test team"‘ generally consists of pilot, co~pilot, £light
tesi;, engineer, instrumentation engineer and flight ﬁest observers,
tualified flight test engineers are oceas?ionally given £light training
and "cheoked out" as eow~pilots m airoraft which have ecompleted the |
operatimal phase of flight testing, thus pemitting them to act as
£light test engineerecospilot. (Instrumentatior and installation
mechanics and maintenance mechanics are éometimes considefed part of
the team when the test aireraft is a lerge ome.) This "flight test
eem” 15 essigned one or more flight taéﬁ aireraft and, insofar &s
poésiiﬂe, they are lkept working together on the various flight tests
parfomc;d on those airoraft. Hither the pilot, if he be a qualified

enginedr, or the £light test engineer is rade responsible for the
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activities of this group and all work on the test aireraft is pere
formed through orders issued over his signa’cﬁre, subjeat to proper
appro'éal by higher authority if necessary. T “flight test toam"
has the principal advantage of bringing pilot and flight test enginser
" ologer together and permitting each of them to apply his speclalized
ability towards the solubtiam of the variocus problems which are onw
.oount;ered when test flights are being pla.nnéd. It aléo reduces the
amount of ooﬁ%usion which is sametines created when maintenance
persornel received uncoordinated orders for work to be performed on
~ the am test airplane from pilots, flight test engineers, end ine
atrwnenﬁtim engineors,

One of the major factors which will greatly inerecase the
ocost of f1ight tests is the amcoumncy which is requireds A4As instrumen=
tation methods improve and de'éelop. the same investment will neturally
provide better, more accurete instrumentation. However, the greatey
the desirad accumcoy of results, generally the more flight time will
be'required to produee them., It is important thet this problem be
considered cach time new tests are encountered and that it be approached
with the “maximun permissible error" outlook rather then with the
desire for "maximm péasible accuracy." This epproach will frequently
give the desired results at much lower cost. Dut eare must be exer=
clsed lest the approach be permitted to Impcir the sccuracy of basic
tests, such as’ power calibrations, where acouracy is esgential, _

A1l of the member's of a f‘lig}lt test orew should be required.
to attend & pro=flight and post=flight conference in comection with
each test fl’iggh'b_. The pre=-flight cbnference effords an opportunity

to discuss the entire plan of test and insurs that cach ercw member



4B

knows what wé,‘ll happen and what will be expeeted of him during each
phass of the test ﬂight. A%t the poatuﬂig;ht conference, the results
of tha test flight are dis-aussed.and each erew member is prequired to
préseh% his "squawk sheet", liaﬁing' any ihems of equiprent and ine
strumentation which did not operate during the flight. The flight
test engineer is thus able to 'detem’me which test items mny ha.ve to
be repeated and how much maintenance work will be néceasary o the
airplane and best equipment before the next flight can be made,
Strict diseipline should be exekeiaed_ in 'i;ha mattor of prompt etten-
dance et these sonforences, Nothing ean be more Wﬁlizing than to
have f:l'm Joint work af a group of men mpeatadly heid up hy the tardin
ness of one individwl.

é. RI’BUCTICB% oF FLIG‘{T TEST DATA AND ﬂl%f‘!\"’* HATION OF RESULTS, =

Speed .5,5 the mejor consideration in reducing flight test

date and disseminabing flight test reéult:s. éssmnmg that the z_-eduos-‘
tion methods used are mathematiocally sc;and and suffioclently acournte,
After the test flight is completed, nothing should be allowsd to ine
terfore with the job of g Hhe weaihe available in useble fom
88 soon s possible. Many flight test orgenisations consider this
problem ﬂwn\the instrumentation for a particular flight best is being
planneds Every effort is made to make special f1ight test instruments
directwreading when they are calibrat:sd‘ For exarple, & cantrol sur-
-faoe position indieator should e}ww directly the suri‘aee positim
~ in degreoes, ya ther thsm an a.bst:;-aot nmber ‘which the:;x haks to be conw

verted to degrees by referring to an appropriate calibration ocurve.
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This pragtioa saves an enormous amount ui" time in data reduction and
is very effe;ctive if it does not inorease the time required for ine
s't;mentat_ion to any great extent, Irmportant inatrwnen’sé are often
duplicated on the pilot's and flight test engimeer's panel, It is
thus possible to plot the results of certain phases of the tests being
conducted while the test flight ia still in progress, This permits
immedinte rechecks of date whioh. eppear to be inmccurate and makes
thé nore f-tmportant. date irmediately avail,zible for use when the aib—_
oraft lands, In particularly urgent -cases, the data my be radioed
down to a ground station bofore completion of the test flight.

A mjer portim of ‘flight test data ig, in most cases, re=
porded by sutometic photo=cbservers. Dvery flight test organization
should make provisions for repid handling of the gluhqto-observer £ilm,
S8ome companies provide for thé complet_e‘f;iniahing of this film within
one hour after completion of flight tests, Deta-recorders are then
employed on en evening shift to reaé the film and plot all date so
that it is available for flight btest engineers early the following
morning, |

The rgssulta of flight tests should be pfomptly wade available
to all ﬁs.rtiea coneerimd‘ This is eapecﬁlly true when the particular
test item is an atbempﬁ to eorrect service difficulties whioch imve
affecbed the production schedules, In general, a prelimindry revort,
giving at leaét the raw flight tést data, éiwuld be in the hands of
the person reqﬁesting."ehe ‘beét within twenty=four hours of the comple=
tion of a flight cmriné the test item, This prompt distribution of

flight test rosults does two thingst



l. It koeps everyone informed of the propgress beirg made
on particular tests. '

2, Frequentiy, it results in the cancellation eof part of
e test when 'prelim_iﬁary results either give a satise
‘factory answer or indicate immedistely that the parti-
eular test item should not be tested further,

6. PROVIZION OF ADRQUATE FLIGHT SCIVDULES AND RECORDS, = At
leagt two different flight schedules should be provideds The first
of these should list the entire flight test progrém, showing the
priorities of the various test items, and the aircraflt to which they
have been assipned. It shoul_d also give an estiznat;a of the prqbable
corpletion date for the various test items and the causes for delays
when they are encountered. Such a schedule is very wvaluable in pro=
vi&irﬁ management, the engineering déps; rtment, the’ flight test de=
partmerts, and others with a graphic and conplete 'picture of the entire
flisht test orogran. It mke'as the matter of priorities an opeh e
an_d-,, in .all falrness, gives meanagement and other Interested departments
an opportunity to guestion priorities which aré established,

The seomd f£1ight schedule should be ‘& schedule of ectual
flight oporations for the period which it covers, The pex;iod may
TRry i’rozrz ong éay in the oase of a large flig;ht best organization to
seve'ral days in. ths case of a small organization where only a limited
smount of flying is déms. This second sechedule, when properly diss
tributed, will always save flight test personncl a cmsidére‘xble amount‘

of time which would otherwise be spent pgiving flight plans verbally



to those who request them. Typical examples of thess two flight
schedules are given in Sec..' D , "Operating Proéed'\x';es.“‘

Adequate records of work and flight timek performed undesr
each test item should be warefully kept sinee they form the 'ba.sis of
cost conﬁrol. Much time can often be saved in sulmitting ocost esg~
timntes fbf flight test programs and the estimtes i*;hmselves will be
more eccurate if carefully recorded data are svailable, co#ering; work
done on programs of & similar rature in the past., Cost data are also
inveluable for balencing flight ——— costs apminat the potential
profit or gain from 'che data Wh:iﬁh are beirg obta mned.

f.' THE FILING SYSTEM, « The story of losfz or misplaced data
is so common ‘and well~-knowm that perhaps even the mldest estimmte
of time and mney lost beoause of it would probably be cméemtiye.
A rigld, corsistant system of filing va:"ious date on fllg;h‘b tests
which are in prog;reés should be maintained, Data which are haphagardly
filed or kept by several persons cen seldom be quickly located when
they are needed in onferences or in eimvrering urgent ﬁ_aiephone.mlls
or correspondence, The f.il ing system must obviously be simple and
straightforward, for otherwlse it will m the veluable time of engineers
who use the »“datva. in process". 4 typleal filing system for current
flight test data is given in Sec. D..

4 oross=indexed filing system should be kept of all réporta
covering, ésrork: which has beén dane by the fliéhﬁ test organization.

- Problems oceasionally répea.t themselves 'and a past reéc;rt which cen

be easily found for refersnce will often save musch time, effort, and



_money. Sone of the larger flight test organiszations find it advisable
end profiteble to employ a full-‘time.'li_bmrian to insure continual

proper handling of the report filing system.
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D. OPYRATING PROCEDULES.

1. GIERAL,

The operating procedures for any particular flight test organisze-
tion must be outlired specifically to fit thet organization. Methods
of operation will Qnry with the size and chlaractoristics of the aire
eraft corpany end the flight test organization, and they wiil.also |
vary with the types a'nd sizes of elrplands to be tesved. The basio
prineiples m;ierlyiﬁg onerating procedures were presented penerally
Jin preceding sectt ons, This seetion discusses some of the practices
which can be followed énri standard forms which can be used in the
application of basic prineciples to routize flight test activities,

Stendard forms do three importent things:

a, They outline a particular task com.;:-letelf;? so that tho ree
cipient may properly do everj;thing roequired of him, according
to established policies,

be They permit the executives in an organization to forpet
about routine activities and mncentrate their time and

- efforts an importent current problems and lproblems which
may arise in the future, -

¢, VWhen properly filed, they form a gom:vlete hisbtorieal record
of the mofe important activities of an or . igation. Over
a periodléf time, such a. record can becore invalwm'le as &

puide in the establishmert of new policies.
The success of an orgarization frequertly depends on the extent to |
vhich executives ean standardize roubine activities, without burden=

irg their persormel with an exosssive amount of "paper work".
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2. ORGAIITZATION CHART FOR TUE FLIGHT TEST DEPARTIVENT.

For purposes of this discussion, a typical organization chert
for a Flight Test Dapartmmf is presen-béd in I\‘igcurfe 1. -The chart
shown would be su‘iﬁab-le for 8 larpge compaeny. In the case of &
smallor company, the sams principles woulé epply but just a few
individuals would be performing all of the i’unci;:mna listed.

The fcllcming immrbart features of the orgmmigation chart
Bhauld be noteds

e, The Flight Test Deparﬁnmt reports direotly to ?Maggen%t.

The actual official to whom the Flight Test Daparmapt ree
ports might be & “VicewProsident in Charge of Research™ in
a larpe sompeny, or the Prosident in a srall company. In
both ca 868, howsver, the th;ht Pest Department would be
"Mdependmt of ‘ard on the same orgg&niz&tioml level as’ the
Emgineeriz;g Department which designs the aireraft to be
tested. P
 b. An "Papineerirg=Flight TesteProduoction" Committes is used

%o check on the importance of warious flight reéearch pro~
jects, to insure the correlation of important wind tunnel
and theoretical data by means of flight tosts, and to exe
pedite any flight tests which might affect the predustion
schedunle, -

6. The Flight Test Plamxiné; Fngincerg, in conaulbatim with. the

Director of the Flight Test Department, plan the overnll

flight test progrem, They determine priorities for various
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testé; prepare flight schedules, and insure that equipment
end personnel are uﬁilizeé with meximmm efficiency in carrye
ing out the flight test proé;ram.

de The Epgineering Steff acts in an advisory capacity, assisting
Flight Test 'nginsers in the solution of specialized prob~
lems in connection with power plants, propellers, hydreulic
éysieme s and the 1ike, _

e« The Flight Test Teams plan each test flirht, issue the ore
ders to 9re;;are the airplenes for each test flight, and
then oarry out the tests, Tach teenm 1s composed of an
Engineoring Test Pilot, Plight Tost Engineer, Co~pilot,.
Instrumentation Engineer, Deta Analyst, and other necessary
flight test crew members, Bither §he Engineering Test
Pilob @ri the Flight Test ¥ngineer is vesponsible for the
actual activities of each tear;:. The Chief Instrumentation
Ingirer and Chief Data Analyst exercise technical sﬁpervio
sl over the work of the Insir\menmtion Engineers and Data
Aralysts assigned to the various Flight Test T-ams,

f. The Direcfor of the Flight Test Department exercises supere
vigion, i;hrcugh the Chief of ffaiz'wemnee and Installations,
over a1l maintorance and installation Wox_'k c‘icne' on flié;ht
tést airoraft and over the persornel (foremen, mechaniocs,
etos ) who do the work.

The fmetions of ‘all of the various units into which the Flicht

Test Department is divided and the duties of all key persomnel should

]
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be closely defined so that there 18 no overlappi g of résponsibility.
, F}i.gm-e 2 gives an example of the way in which the dutles of the

Flight Test Enginser might be defined,

3« PLANING AND-(.“,.&RRY 196G QUT THE FLIGHT TE3T PROGRAM,

This cutline of opemﬁing procedures hasg ‘been divided into the
following four pértsz -

8. Initiation of the test and activities up to the time that

. the airplane is prepared for the test.

b, Carrying out tﬁe £light test progrem.

¢, Typicel safety procmutions,

de A filing systen.

a, IVITIATION OF TOE TEST AND ACTIVITIHES .UP TO TIW TIME THAT
THE AiE?L&ﬁE IS PREPARED FOR TﬁE TEST, = All of these acti#ities
and the mamner in which they affect various individuals are pictured
grephically in Figure 3, ”Preﬁaratims for a Test Fligh*b." ‘

1.‘ Request for Test, The request for test may originate

in any one of the principal departments of the camany end it is
sent té the Director of 1‘ 1ight Test., FHowever, bofore it is even
transmitted, the request should be carefully evaluated for its
necéssity. its similarity to other tests, i’cs‘singu]arity of purpose,
and the possibility that the desired informstion might be more quickly
and more accurately obtained from other sources. The request for
test should state as copletely and as concisely as possible the
1tems fo im investignted and the accurncy with whioh they are to be =

determined. Vhere exceptional accuracy is required, reasons for
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the requirement should be givm. The Direotor of Flight Test will
exemine the request &n&,' if it appears logical, he will‘ forward it
to the Flight Test Planning Eﬁginee:" together with any recommenda-
‘tions which he ﬁny have es to the action to be taken. 4 sample
511 ght Tost Request 46 shown in Figure 4,

2« TFlight Test Order. -v‘The Planning Engineer then cone=
slders the nature of the test, the priority which it deserves, the
airplens or which it can be performed, the pcxsa‘ibility; hhat it can
be combined with other ‘ées#s. end the amount of ground work and
flyizigtima whioh will be required to somplete tha test. The Budget .

| Cozntraller uses these data to estimate the cost of pari‘aming the

| tast.- If it appears that the cost will not be excesaive, the
Director of Flight Test will approve the test, The Plamning Fngineer
will then assign the test %o & partieular Flight Test Team by issuing
‘& Flight Test Order which authorizes the Tean to perform the test,
Tigure 5 shows a ‘cy;pioal simple Flight Test Order. On the basis

of all of the Flight Test Orders issued, the Plamning Ehg‘imer pro=
pares an appropriate schedule of the Flight Tesjs Program., The flight
schedule is revised at f‘raquenf intervals and distributed to all
concerneds _

3. C‘omfiguration Shee‘t;‘ » The Flight Test Enginger of
that pe.rticular Flight Test Team then sterts his work on the tost.

| fiewh ssisnits with the Dibewmmtation Fagineer and Data Analyst
of his team in deténnining the quantity end type of the instrunantas
tion which will be required for the fest. With these itemized data

and a conception of the particular condition of the airplane which
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is required for tﬁﬁ test, he prepsres a eongigurﬁtionlaheetm On this
gheet he lists the instruﬁeﬁtation and the alterations of the eire
' ﬁlane which will be required for the tost. This sheet is first
coordinated within his owa tesm and then with the Director of F1ight
Test., This form is primarily for file and record but 4% is also
ugseful in helping Mainkenance and Installations persounel plan
their work and propare a preliminary estimete of the time which will
be required te prepare the aiforaft for the test. A&n oﬁtline 6f o
canfipuration sheet is given in Figure 6, |

4, Test Conference = The Project Engineer then holds &
conferenece with the Direeﬁér of Flight Test, the Chief Engineecring
Test Pilot, the Flight Teét Team, and the Requestor's Repressntative.
At this conference the complete outline or program of this particular
test is discussed, This outline will serve as a basis for performing
the work required by the Flight Teaﬁ Order, but it is subject to
modifieation if the‘resulés of any of the.imdividual test flight#
warrant o chenge, Spacif’iéally, the deeisions reached in this con=-
ference are as follows:

By he Sbank whisk ave U e weakured op pach PLIAE, ]
Fraﬁ a complete consideration of all of the items an of=
timate of the number of flights and the Tlying hours
should be pessible,
b, The instrumentation which will be required to secure
the dats, |
¢. An itemized list of the work necessary on, the airplane
and an estimaterof the time th%t the airplane will have

to be groundsd to be prepared for the test,
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de A 1ist of the persons who will form the orew for emoh -
flight, This list should also inelude persons from other
depe.rtments who may have a valid reason for witnessing
the tests,
e A plan for the preparation of the report, i.e. whether'
a proliminary or & camplete report is neceasayry, what per-
soxif siebakae of tha PIAEE hech besy wil) b nesded o
essisgt in the preparation of the report, ete.
If the frequency of conferences of this sort should warrant,
it may be advisable to hold reg;uia_r meetings at which test items
my be discussed along with other topies. OSome Plight teét oi‘g;mai-n
 gations hold daily “morning oonferences” which sérvva this purpose. -
The Planning Fngineer atbends these conferences and is thus able to
keop the flight schedule accurate insofar as dates for the periorme=
‘ange of the various test flights,.&re concermned,
5. Service Orders., - The witiﬁg of Service Orders is
the rosponsibility of the Flipght Test Frgineer. (Occasiorally,
service orders afa wyitten by the Instrumentetion Engineer, but thase‘
must be coordinated by the Flight 'i’ast-ﬁﬁgineer.) All service
orders should be ocoordincted by the Director of Flight Test, A
"cheok=off 1ist" should be attached to the airplere as it enters
the Jhengar and each service order is entered on this list end initialed
by the Service Foreman s it 18 receilved. Ho chenge, whether it
be alteration of the airnlane or addition or removal of equipment
.should be made unless an appropfi&’ce written order is {irst coorw

dirated by the Flight Test ingineer. The rigorous application of



this rule is vital to the successful execution of a flight test.
The Flight ’I'esi: Ingineer must be in constant touch with the condi-
“tion of his sirplene. This is ﬂécessary not only for safety cone
siderations but also for a.ﬁ acourate control of the airplane cone
ﬁguratim and of the welght and balance, v
e poasible. the Service Orders should be issued in &

group, before the airplane is sent to the service hengar, in order
that the Service Foreman may schedule the work and complete it in
the shortest poasible time, Before the airplane leaves the seMee
hanger, the Flight Test Engimeer should inspsot the airplane with
the 'SMce Fo;-em to see that ‘che airplane has been weizghed,
properl.y‘ballastad; and that all of the work and ouly that work
which has been entered and checked on the "checkwoff 1ist" has been
 performed. This inspection should be perfomed in addition to the
_safoty inspectiem. vmich;w’ﬂl nomally be porformed by the regular
Inspection Vepertment. The service orders and the "checkwoff 1list"
~ should then be filed by the Flig;h‘b Tost Eng‘ineer_. The Instrumenta-
ti Engineer should check the instrmentatmn to. insure that it
has been properly installed and wlibra‘bed.

I

b. CARRYING OUT THE FLIGHT TPST L”ROGRA"I. - Figure 7 pives a

graphic picture of activities from the time the airplane is ready
for a test ‘f‘light watil the fina}. report is written. ‘

1. Test Flight Plan, = ' A typieal Test Flight Plen ie
presented in Fig, 8, These are prepared by the Flight Test Ingineer,

far each flight. The Plans arrange the various tests in such order
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as to take adventage of every minute of flying time, They must be
sufficiently complete and clear to insure that all crew mz;abers
will know when to operate the ;ﬁwta observers and other epecial
instrumentation.

2, Pre=flight Inspection. » Service orders ere issued
to the Maintenence end Tnstallations Unit and o the Inspection Do
parﬁneﬁt, showing the expected time of take=off, the namps of the
orew, and the purpose of the test, It is then the duty of those
orpgenigations, barring irregularities, to have the eirplane ready
for the flight., The preffli_g;ht inspeéﬁimz is particularly important
and should be performed with careful attention to details, To
asé_ist the orew chief end the Inspector in their jobs and to aasure
the Pilot and Flight Test Ergineer that everything is in order, &
special flight inspactiom sheet is prepared and must be signed as
izzspectiong are performed, - The instrument mechanic also 5118p6.0t8;
tests, and "cheoks off the f1ight test instrumontation prior to
flight, usirg an ;‘Instmmenta.tion Checlmoff Tist" which is prepared
for him. The Flizht Test Engineer also prepares data_ sheets for-
manuel recording of importemt deta., Since some timo may elapse
before automatic observer data is réady for use, menvhlly récarded
data will pive an approxlmetion of the more importent results of
~ the %,est flisht and will expedite plaming of subsequent flights,
The-data sheels should consist of a vellum original and a oarion
copy of each shoet, . The carbon ocopy serves as insurance apainst the

loss of importart data if the vellum should be destroyed.
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3, Aireraft release. = The Mgireering Test Pilot (or
his co-pilot) is responsible for £illing out the recessery forms
to obtain aireraft olearance end for cheecking the woother, A
sample form for eircraft release és shown in Fip, 9, Copies of this
form are usually necessary for the Budget Controller, Flight Operas-
tions, Insurence, and Flight Test Files.

4 Pre=flight Conference, » A pre=fiight conference for
the flight crew is usually held one hoﬁr before take=off time,
In this conference, the Test Flipght Pla.n. iz dlsoussed in detail ¥
the dubics of ench orew member are enumerabed, snd the data sheets
are distributed, ‘

5, Test Flight, = The test flipght is then perfbmed,
Fach orow member keeps in constart communication with the Flight
Tes'-b Fngineer to receive instructions or o repart any irregularities,
Also, esch crew memboyr kesps en individusl "squawk" sheet on which
he notes any ﬁal.functioning 6:{‘ equipment or instruments which he
ney 'notice_. (For a more coﬁplete discussion of precedures for
a.'etually perfoming the test flight, the reader is referrad to
"Flight Test Organization, Procedures, and ACrew Trainiang™ by A, C.
Reed and ¥, F. Milliken,) |

B Post=Flight Conference, = After the flizht is completed,
| 8 poabfiight conference is held for the {light crew and any persons
interested in the immediate resulits of the test. The test flight
is discussed and imgule;rities are considered, giving the Flight

Test Engineer an ideo @8 to the suvecess with which the various
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phases of the test flight were carried ou‘b'. Any malfunctioming of
the instrumentation or the airplane is noted and entered on a canw
posite "squawk” sheet which is given to the maintenance.orew, The
flight data sheets are coordinated and given to the Data Anelyst.

7. Preliminary Report. « The Pilot end the Bagineor usually
dictate a Freliminary Report immediately after the post=flight cone
ference, In a feow cases this will be sﬁfficiemt » 8nd no other ree
ports will be necessary. In a majority of cases, however, these
Preliningry Reporﬁr; will be used as references in the preparation
of the Final Report. |

8. Vinal Revort. = When the Data Analyst has finished
his work, ho submits it to the Flight Test Engineer who uses it
as & basis for writing the Flight Test Report. This report is
ooordi?m.tad proﬁerly and sent to the Requestor,

6, TYPICAL SAFETY PFECAUTIONS, = The eareful consideration of
and plaming for every wenhm;.lity is of primary importanée in t}'za
prevention of a.‘c'xci'dents. However, after this has beon done, pro=
ventable aceidents can still ococur through oversight o negleot
of some duty, A particularly effective method of controlling this
last factor is the extensive use of "o&}éck«-off" lists. Their use
Yo insure complete pre-flight inspections of both the sirplane end
the flight test instrumentetion has alreedy been mentioned, The
services find "cheak=off" lists very useful for reminding pilots
of the propeyr proeedurés to be followed while flyiag mrticxal'ar
airpleneca, ‘

Check»éff‘ lists are applicable to the dﬁtias of flight test

engineers and other flipht erew membors, wot only in the air but
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alse on the grownd, Since the preparations which are required

for a'high altitude flight are much more invoived than those for
en ordinary lovmeltitude tesby the following examples of check=off
lists given hgrs are for highealtitude flightss

Figure 10 = Flight Pngineer's Checkwoff List.

Figure 11 » Flight Crow Membor's PreeFlipht Check List,

Figurs 12 = Imergency Prooedures,

A1l of these are taken directly from the paper on "Flight Test
Orgenisation, Procedures, and Crew Training" b&.é‘ C. Reed and
W, F, Milliken,

de TILING STSTEM. = I% 1s necessary that careful files be
kept of the various orders, work sheets, correspondence, and other
data pertinent to_.a flight tesf airplene when tests are in progress.
The plan of having each Flipght :est Ingineer keop the files for
his partioular ai:plaﬁe or airplaneslis one which seems to be very
suceessful. It has also been found advisable to standardize the
system of keepihg these files., This is valuable in assisting eny=
one who is familiar with the system in using any o,f the files as
reference,

The filing systen which is presented here is only one of many,
but is the one whieh appeared to be most satisfactory. This system
congists of B series of sleven folda}s for every flirht test aire
plane or major test item, Should a test item be too srell %o
werrant an extgnsi?e file, it is kept i» 8 sincle folder which is

subdivided according to this system. The folders are used as followss



ueﬁp

Folder 7o, 1 = Deily Log
| | This folder contains a complete dey=by=day log of £light
time, purpose of flight, changes of the airplane weight and baléme,
and other pertinent notes, The carbon copy of each data sheoet and
one print of each automatic observer data sheet are also kept in
this folder. | R
Folder Mo, 2 = Data Sheets
The ;)rigginal vellums of both the menual and the avteamtic
. obgerver date sheots are filed in this folder. |
. Tolder g, 3 = Standard Forms
In this folder the various standerd forms such as flight.
tost orders, servioce orders; flipght requests-, otc. are filed,
Folder Yo, 4 » Corresponderos
The oorrespondence coneerning the test items is filed in |
“this felder,
Felder ?.*30.. & = \Inatrmnta and Culibrations
The serial numbers, purposes, and all ocalibrat og for the
" instruments used to colleot the dute are filed in this folder,
Foider Nos 6 = Caleculations, Curves, end Resulis |
411 of the ae.lqulatid;—.@s, ourves, rosults and the annlysis
of .results are filed in this folder. |
Folder Ho, 7 = Test Flight Plans
This folder should comnbain all .of the tost flight plans,
it is counvenient to file the plans for the completed %stsbn one

side and those Tor the prososed tests on the othor slde of the folder,
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Folder Yo, 8 = Weight and Balance
- The origiﬁal welght data end & complete tmbulation of all
of the equipment which was included in the originsl mirh.’mg tom
gether with the computations of weight and balance for each f1i g;_ht
are filed in this felder,

Folder No. 9 = Gonfiguration

This folder should contain informmtion, such .as Hobo=-
graphs, s]mtehéé, ato., oonaernipg the configura‘bions of the aire
plane as tested. | |

Folder ¥o. 10 - Miscelleneous

‘Any wmiscellaneous info.xmt-ion or data which may be per-
tinent to the test, and which does rot properly belong in any of
t};e other fold.ers. should be filed here, |

Folder Zo. 11 - le Report -

A1l information that Is to be used in the fimal report
should eventunlly end wp in this folder,

Some organisations prefer a decimal system which gives o more
exact desipgnation to the locatiom of each bit of datae, Thie system |
is more adapmble to variations in tests.tha-n the one presented, but
the extensive division of the file is 1likely to lead to duplication
oi‘ racords, mrely to keaep eaeh file eompleta. and the £iling system

is apt ta emsume btoo much cf the mgineer s time,
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a.s follows:

1.
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FLIGIT TEST ENGIYTEERS

ey G Seep o sem e - i o T S e ke e

The Flight Test Bangineert's duties and responsibilities shall be

To coordinate all flight test operations on a particular air-
plane. This function includes the preliminary plarming and
clarification of the test to satisfy a particular Flight Test
Order which will normally require the close cooperation of the
Flight Engineer, the Requestor's Representative, the Instru-
mentation Engineer, and the Data iAnalyst,

To prepare the final Plan of Test and schedule the Pre-1light
Conference between the I'light Test Team, the Requestor's Re-
presentative, and the Chlef Engineering Test Pilot.

To be responsible for the conduct of the flight test insofar as
the particular investigations discussed in the Pre=flight
Conference are concerned, It should be noted, however, that
when any situation arises in which there is a questim of the
safety of the airplane or crew, the pilot has absolute authority
to terminate the flight.

To issue all Service Orders necessary to prepare .the airplane
for the particular flight test.

To be responsible for the preperation of Plan of Test, Pre-
liminary Report of the Test, and Final Report of Test,

To be responsible for maintaining a ohotographic record of
all mejor test configurations on his airplane.

To be at all times completely familiar with functional aspects
of his airplane which in any way affect flight testing.

To keep a ‘leekly Log of test work conducted on each test air-
plene. This Log should include reference Flight Test Orders,
length of flight, and brief remarks on flight conditionms,

‘actue.lly investigated, and eny difficulties encountered.

He may allocate work to other flight engineers under his

direction in order to fulfill the responsibilities listed above,

Fig. 2




KEY

_ FLIGHT TEST TEAM

SLRVICE ORDERS
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this sheet,

Yodel Flight Test Groung Test Date
Test of':

Reason for Test:

Fxact information required from test, state accuracy required:
(Use reverse side of sheet if necessary)

Parts and Special Equinment for Test may be obtained from:

FLIGHT TBEsT REQUEST  Submit in triplicate

This fom bo be used for all tests, only one test item to be requested on

Witnesses to be present:

in by Flight completion date
Test Depart=
ment Corments :

Signed:

Date desired: Requested by: ___Approved by:

This infore Airplane lo. will be avaeilable on for test,
mation is ‘Test will be conducted: In conjunction with other tests .
to be filled Special flight o TFlight time estimate Probable

Authorized by Director of Flt, Test:

Flight Test Planning Engineer

Estimated Cost By - Date

Time is to be charged to Charge Wo.
Time is to be charged to Schedule io.
Time is entered on Ilaster Schedule by

Start Date Finish Date” Hours Flown

Fig. 4




FLIGHT TEST ORDER

- To Be Performed on Airplane Ho.

Test Item No. Priority

Time Charge No.

(To be entered by Budget Control)

Discussion of Test:

Flight Test Planning Engineer




FLIGHT TEST ORDIR

Date

CONFIGURATION SHEET

-Engineer

Airplane Model

Purpose of Test

Yo.

Flight No. or Nos.

1, Special Conditions as follows:?

2, Installations:

3. Instrumentation :

Approved

Fig. 6
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A,

TEST FLIGHT PLAN AIPPLANE

DATE
TEST 1O,
FLIGHT
PURPOSE
A. Elevator operation with no packing in boost valve (trim & friction)
" and direct cable system,
B, Tail cone flap loads with aft end sealed vs. Vi,
C, Vater dump out of right hand chute.
D. Ventilation with new scoop.
E. Empennage de-icer direct inlet “g".
e Adleron operation with direct cable system,
G, Right hand main landing gear check.
Ho, CO measurements at wing leading edge inboard of lnboard engines,
I. Main brake system return pressure,
1-A, TAXI - take CO samples
Be TAKE=OFF 2600 rpm. 46" Hg. - Take CO samples
C. Climb to 10,000 feet at 2400 rpm. 40" Hg = 160 Vi - Take CO samples.

2-WATLR DUIP OUT OF 1IC" fAND DUNP CHUTE I CLIMB

&, Fly at 160 Vi

b, Have right hand side of ship in the sun

c. Open right hand dump chute and right hand water valve

de Turn camera on (right hand)

e. Time water flow

f. Leave dump valve down for at least 5 minutes after dumping
g. Slow down to 120 mph and shut chute

h, Observe and note water from streamlined bump window

i, Pump water from lines back to tank No, 7

3=TAIL CONE ¥LAP LOADS
AUXILIARY VENTILATION
TMPFIYAGE DE=ICER DUCT INLRET "q"

a. Outflow valves open position (forward) - aux. vent exit open,
scoop closed
b. Altitude 10,000 feet

1800 rpm with power to give 160 Vi = cowl flaps open 2 and /3,
pressure bulkhead sealed

a. Take CO samples.

b, lleasure velocity distribution at duct outlet at 2, 5, 8, 11, 14,
17, 20 inches along outlet.

c. lleasure velocity with the anemometer at stations 500, 600, 700,
800, and 900 inches, along the center of the ship approx. 4
feet above the floor level, Reed for one minute at each statio.

d. Observe tufts and note.

e, Read tail cone flap load.




B, 1800 rpm with power to give 160, pressure bulkhead holes open

a., Repeat items (b) (c) and (d) of Part A,
b. Plug up duct outlet and note noise difference.

C. 1800 rpm at 140 BMEP, pressure bulkhead sealed.,
a. Repeat items (a) (b) (c) (d) and (e) of Part A.

D, 1800 rpm at 140 BMEP, pressure bulkhead holes open.

a. Repeat items (b) (c) and (d) of Part A.
b, Plug up duct outlet and note noise difference

o

. 2200 rpm at 140 BILP, pressure bulkhead sealed.

a. Repeat items (a) (b) (e) (d)iand (e) of Part A

4=-EIEVATOR OPRRATION

A, FPICTION

a, Fly at 1600 rpm, 140 Vi at 10,000',

b, Trim airplane (note oscillations).

c. Move elevator tab slowly up at a steady rate of approx.
1/2°%/sec. until elevator moves - rnote angle.

d. Same as "c" with down tab.

Be STABILITY
&, Fly at 2200 rpm, 140 BMEP, at 10,000°',
b. Trim airplane.
¢. Pull up to 20% lower speed.
d. Push down to 207 higher speed.

Ce LEL COUTROLS AND NOTE RESULTS

5=-AILFRON OPVRATION WITH DIRECT CABLE SYSTEXM

A, Stability

‘s, Fly at 2200 rpm, 140 BMEP
b, Feel aileron control

6=GEAR CHECK

A, Lower the gear
B, 1If the right hand main gear doesn't lock at first, wait several
minutes,

Fig. 8 (Contd)



Crew - stay at following stations except one test.

1. Pilot T Enge A.O.
| 2. " Co=-pilot : 8s Master A.O.

3¢ Flight Test Engineer 9. Over fire bottles
4, ' Radio Operator | 10. Over fire bottles
5. Flight Station O ' At stress table

8. At Flight Sta. Door 12, AAF Insp, - Seat halfway back in
cabin - R. H. side

Fig. 8 (Contd)




REQUEST FOR FLIGHT AVD AIRCRAFT RELEASE-

DATE

7
e et e e )

AIRCRAFT MFG, SERIAL NO. AIRCRAFT CUSTOMER OR LICENSE NO.

FLIGHT CLASSIFICATION PURPOSE OF FLIGHT

INTENDED DATE AMND TIME OF FLIGHT

TAKE OFT FROM

LANDING AT

INSTRUCTICHS s
PASSENGERS s '
1.
HWAME IDENTIFICATION
2. ,
NAME IDENTIFICATION
3. .
NAME IDEHTIFICATION

CHECK FOR ALL FLIGHTS

T e e ]
Y f

CONTRACT FLIGHT - COMPANY PILOT BEFORE FINAL ACCEPTANCE

NO=CONTRACT FLIGHT CUSTOM:SR PILOT AFTZR FINAL ACCEPTAMNCE

ABOVE FLIGHT IS AUTHORIZLD subject to pro=
visions of FLIGIT CONTROL REGUIATIQNS

Work order cherge number

CREDIT AVD FINANCE DIVISION RELEASE
(FOR DELIVARY FLIGHTS OR DELIVERY)

MATTAGER Supplementary Signature when required




- FLIGHT ENGINEER'S CHECK-OFF LIST

AT OFFICE

1.

Test schedule = make out,

2. Test plan - prepare,
3. TFlight physical insurance and instruction of crew,
4, Tenbtative crew notification exclusive of Weights Dept. Rep.
5, Status of airplane. Note significant changes since previous flight.
6. Decision on time of flight from Chief Test Pilot,
7. Order lunches or milk if required. (Engineering Flight Clerk)
8. Final crew notification, including Weight Dept., Flight Data Analyst,
© Instrumentation Rep., Supt, Ground Operation, and Director F. & A,
9. Assemble personal and engineering equipment for flight,
AT HANGAR
10. Distribute flight plans to crew.
11. Put own equipment in plane.
a, Pad of paper and 3 x 5 cards,
b. Stop watch,.
¢. Spare bailout bottl
d. Standby mask,
e. Data board and sheets prepared.
f. Graph paper,
- g. Calibration.
h, Blank squawk sheet.
i, Double headset..
je Pencils (2 or more).
k., Helium=-oxygen mixture,
1. Medical set. -
(1) Hypodermic
(2) Ammonia
(3) Charcoal pills
(4) Wesalator
12, Put pilot's equipment in plane.
13. Round up crew for pre-flight conference.
14, Ground Check-off Lists =~ Distribute and collect,
15. Distribute Flight Check=off Lists to new men.
16. Glucose capsules.
17, Check out flash lights if night,
18, Charcoal pills.
19, Announce standard time, coordirmte watches.,
20, Obbtain weight sheet.
21, Instruct crew, put equipment in plane,
22, Call nurse (8155) when denitrogenation is bagun.

T ATRPIANE BEUFORE FLIGHT

23.
24,

Set co=pilot's altimeter to standard and record P.A..
Record ground temperature,

Fig. 10




25, Standard time check if not done before - set cockpit clock and wind.
'26. Check test equipment. -

IN FLIGHT

27. Remind crew to get as many date as possible.

28, Keep crew informed.

29, Fuel readings = level,

30, Remind pilot to go through check-off list.

3l. Fuel readings « radio to hangar just before landing.
32, . Radio OAT to Weather Bureau,

33, Glucose capsules,

T AIRPIANE, AFTER FLIGHT

.34, Unfasten slldlng'W1ndsh1e1d locks. .

35, Turn off speclal autosyn, waste gate 1ndlcator, and generator
"~ switches.

36, Fill out "Form 1."

37 Collect squawks.

POST—FLICHT DUTIES

38, ‘Phone for nurse after denitrogenation flights, if one is not
*  present.

39, Classify and deliver squawks to Instrumentatlon Clerk for typing

- ' before data sheets,

40, Round up crew for conference,

41, Collect final weight sheet and data sheet,

42, Check in flash lights if night.

43, Decision on next flight. '

44, Phone Senior Flight Engineer,

45, Test schedule = make out.

46, Check in flight test equipment to locker.

47, Signature of pilot on squawks,

48, Dictate "Report of Test." ‘

49, '~ Check rough draft of test report.

Fig, 10'(Contd)




FLIGHT CREW MEVMBER'S PRE-FLIGHT CHECK LIST ;
}

Physical Exemination = regular semi-anmnual flight physical, ine-
cluding electrocardiograph within six months preceding flight.,
2. Sleep - good night's sleep before: flight.
3. SuEséltute in case of illness = make arrangements with fllpht
engineer as far in . advance as possible for substitute, if you have
& cold or ear trouble or other illness.
4, Meal = if you have not eaten within the past three hours, eat a light
© Tunch high in carbohydrate content, or at least a candy bar.
5., FEmergency Alarm Bells - one bell, stand by; three bells, jump.
6. Emergency bExits « learn location and operation.
7. Oxygen bquipment and Supply.
a, Oxygen pressure at 1200 psi or more.
b. Mask sponge valve dry,
c. Plug in bottom of re-breather bag.
" d. Re=-breather bag for tears.
e. Flometer for sticking, comnections, etec.
f. Rubber tubing for holes, connections, etc. -
g. Auxiliary oxygen outlet on regulator turned off,
h. Adjust straps on regular and bailout masks,
i, Check bailout bottle at 1800 psi or more.
8. Emergency - if a parachute jump is necessary, the order of exit will
e
9. Designation of Emergency Exits to be Used for this Flight
First Choice ‘ Altemate
10. Parachute Equipment
a, . Parachute was last repacked 194
. (must be within 60 days. ) ~
b. Parachute pack cover flaps = see that flaps have not worked
loose exposing silk canopy.
¢, Rip cord and pins = see that the rip cord is free and rip
cord pins are engaged in their studs,
d. Harness - adjust to fit snugly, seeing that no straps are
twisted or crossed.
e. Rip cord in place = see that rip cord ring is in its fabric
pocket and clear of the horizontal chest strap.
fs Protruding straps - see that shoulder and chest straps do
not project in such a mammer as to be easily caught on pro-
tuberances in the airplane.
e Signature
Test No. ‘ Model
‘Date

Ser. No.

Fig. 11




I.

Note:

i

EMERGENCY PROCEDURES

PROCEDURE IN CASE OF EMERGENCY (MEMORIZE)

1,

Stand By in Emergency. (1 bell on emergency alarm system)

a, Safety belt - unfasten.,
b, Doors - open all doors inside airplane (unless doors in air=
plane are needed to isolate fire,)

Emergency Requiring a Jump.

a. Oxygen = turn on emergency supply.

b, Wask = remove.

c. Nouthpiece - place emergency oxygen mouthpiece in mouth,
' pinch nose, and breathe through mouth.

d. Goggles = place over eyes.

e. Exits to be used for this flight:

First choice Alternate

£, Jump after crew member
g. Clear the airplans,
he Rip cord = delay pulling until certain of clearing alrplane
anﬁ?or until reaching a warmer altitude.
i. Direction - try if possible to land facing the direction
© Tn which you are drifting,
j. Leg straps - unfasten leg straps as wabter is apnroached,
in case a water landing is evident., Cross the feet and keep
the legs together to avoid straddling trees or fences,
k. Tow ashore = if wind is light, and from sea to shore, hold
To parschute to tow ashore.
If no "stendby" order is given before the command to jump, open
all doors inside airplane before turning on emergency oxygen

supply.

PROCEDURZ FOR FAILURE OF YOUR OXYGEN SUPPLY (MIMORIZE)

} Signal other crew member,
Oxygen velve - open sl ightly and tap it lightly.

Standby Mask = put on spare mask if regular supply cannot be
fixed immediately. See that valve is on. Help will be given
by other crew members,

Alternates Transfer oxygen ma sk bube from regular supply to auxi=

4,

~ liary outlet on standby supply. .

Emergency Bailout Oxygen = if standby oxygen system is defective
or in use, turn on emergency bailout oxygen, put mouthpiece in
mouth, pinch nose, and breathe through mouth. Help‘will be given
by other crew members,

Fige 12
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IX, THSTRUMDHPATION

It was pointed out in Part I that one of the requirements for
the solution of the “riddle of the modern aireraft" is extensive
instrumentation. The instrumentation of the flight test airplare is
the basis upon whieh the qualitative analysis,‘ of emy type of airplane
is predicatod. The very value of flight testing lies in the faot
that all of the conditions, londs and forces which are to be studied
are actually applied and not assumed. Hawever.l the velue of this
advartage is diminished groatly by & lack of the prover instrumene
té.{;ion with which to ceollect i_lnfomation nevessary to eveluate the
reaction of the airplane to the variables.

Plighk task Tnskrmiatotion s shows steady improvement both
in quality and in scope in sfsep with the progression of the asro-
navtiesl art. Stardard instruments have been modified and improved
to give the accuracy and reliabiliby required of test eguivment
and new or parﬁim:}.ar instrumentation has bean d@visc_ed to meagure

other quantities as they are required.

The first problem to confront the Instrumentotion fngireer is
that of pla.zmizﬁg;. The smount of planning,' will vary from test to test,
but the inatrumentation shc;uld be planned as carly as poésible.

In this manner any special problem can be foreseen and given due
consideraticn without delaying the test. In the event of tests of

8 new prototype airplune, the instrumentaetion may well be plaxied



oven o8 the airplene is being designed and built. Speocial Lubing,

wiring, or other installations can then be '

"huilt into™ the sirplane.
For other tests the planning my sbtart when the work order renches
the Flight Test Teanm.

1. THE TYPE OF AIRPLANE

The airplane on which the tests ars to be a;;adé will Idetennine
the available space for the instrumentation, If the sirplane is
e Tighter type there will irery probably be very litile space and
the number of instruments which may be carried on any one flight
will be limited, The instrumentation will have to be {lexible,
capable of quick changes from one Yest to another. i'ias‘i:‘ of s paw

- cording of data will have to be automatic because the pilot, busy
performing & maneuver or holding stabllised conditions, wiil have
ii%fb].e time iﬁ which to bg recording date, For sxarple, in & fighter
it wes found necessary'to ingtall the antommtic observers on the g»;u:ri
mounts in the wings.

If, however, the air;;lar;&; is & largs bmlbe#' or transport, the
problem is quite different. Flenty of spaée is usually & ailable
end the instrumentation can be '&lmost s ekxtensive as desired,

'“Fet-rez‘*'.. less stringent restirotions are placed on space and weipght

in the larger airplanes, but as a genecral rule the tests are more
complex and woTe .inatmantation is usvAlly required, Detwoer these
two extremes lie the tests of the inte.:rmédisxte sizes of aireraflt |
which present & ocompromise beotween the requirements for jinstrumentation

and the space limitatiom,
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2. TYPE OF TBS'

The 1imitations of space and weight are usually rather well
defined and the factor which must be compromised is the amount of
instrumentation, This is determined by the tvpe of test,  The
engineer must deternine from the work order and from the conferences
es emcf;ly as possible what datn az;e to be measured and from his
own experience and krowledge he muét de’c.e:mine the best practieal -
means for mking the measurements,

One definite step in the émplificampn of this problem is the
preparation ‘of & list of the various standard or common tests showing
the data which are usually re_quired and the instruments y;ecesss.i‘y
to obtein these éata for each type of test. Any list of '{;his' sorg
rust noecessarily be subject to change with improvements whether in
. the method of tesbing or in the i.ns'brmnentatt’%on. Aiso, e list of
this sort for almost any compeny manufketuring alrplanes I‘of the amy,
the navy end cormercial use bacomes extensive if any atbterpt is made
to cover all types of tests, At presert, it is possible to list
émly those tests which are carmon to all threc fzencies and which
heve become routine with almost every flight test organization,
However, such a list, which might properly be prepared by the Chief |
Instrmmentation Engiresr, would be oi; great assistance o the various
éngﬁ.neers i~ planving their h;,strumnmtion. Carrying this idaa‘
farther, it would then be possible to ‘prepare an installation menuval

for the use of-the mechanies showing the method of inatalling and
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the precamtions to be used in the installation of the various types
of instrumentation. This would be possible, in any complebte serge,
only after a retheor extensive program of standardization of the

testing reguired to prove the alrplences. Ta

5. & I}hA?JITY ‘:)F I}A‘LT}"\-O

It may seem to the reader, as a first impression, that a dise
“eussion of guality ls ummecessary in any consideration of instrumen=-
tation for flight testingewthe instrwaentﬁtion should be "as accurate
es possible”, Towever, probebly no other single factor can cause
the instrumentation enginecr so many "headaches” os an acoumcy
roquirement of "as good as possible". OFf course, care must be

taken to avoid "throwing awny ascuracy”, but requiring that'; cortrol
positions be memsured to the nearest one-tenth of & degree, for
exarple, unless it is roally necessary can cause the insirumentation
engiveor many gray hairs which might well be avoided, This re=-

guirement is, of course, necessary in the case of the prinecipal

airplane cowvtrols but is uswlly not warranted for cowl flaps,
end such amiliary'dontrols. )

In order that riasonabls accuracy ey be maintained in the
instruments used, it is necessary that they be calibreted at fre=
quent intervals, The leugth of .the intc-'rval between ceal ibrations
will vary for different instruments, bub nn insbrument should be
used while any dovbt oxists concerning its operation, The eé.librau

tion of some of the instruments should be & routine function, pore
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formed in the instrument shop or the stockroom, while other instru=
nents such as po%iﬁim indleators can only be properly calibrated
after they are installed, The calibration should be chocked, o8
fer as is practical, before eacix 14 cht, |

The instruments themselves must be examined and cornsidered
with respect to their resporse to veriables other 'bhén that whigh
they must measure. The most important variables to which pgood |
.{zzstruments mist be insensitive are:

a, Attitude and.acéelermtiona - cyelic aoeeleratigﬁ loads
up %o -4g. and *9g, |

b, Vibrations - which may include both high frequency and
large amélitude unless the instrument is carefully
mounted, |

o. Tempersture - varistion from 759C to =650C,

d. Pressure and density = corresponding to & pressure
range of from 2 1bs. per sq. in. to 15 1lbs, per sq.
in,

e. Supply voltage (for electrical ingtruments) = variae

tions of 15¢ of the normel voltage.

{
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Be BUTEUVTHT,

Although the selection of the particular means of obtaining
the required date is-strictly a part of.irstrumentatiog gianning,
it is such a mé..jor part of the funetion of the Instrumentatlon Fn-
miceer that it deserves apecial attertion. Iuch of the enrinecer’s
time ené thought is directed tovmard his equipment; the improvement
of his present methods, and the econtinual search for better ones.
It is intended in this seqtiun'tc discuss some of the methods and
nracticos which ere being used by instrumentetion engineers as
revealed to the authors during thelr survey.

The variety of the instruments and other equipment uscd in
flight teost ingtrument&tien precludes any possibility of a coﬁﬁlote
diseussion of all of them in eny troetise such as thi#. Therefore,
at the outset we must limit our discﬁssion. The stardard eiroreft
instruments such as airspeed indicstors, altineters, ete, although
extensively used in flight testing, are rather universally under—
stood both in their operation and installetion amd it is zot
feasible here to attempt to reproduce & discussion of these iustru=
ments as way be found in books on sireraft instruments. It is
sulfficient to say that the partiocular instruments must be selected
for thelr sensitivity and reliability. A more complete discussion
is atbtormpted of those instruments whiloh are, to & tertein extent,
peculiar to flight teséing. ¥ven here the discussions must be limited
because tﬁbrouﬁh explamations of certair of the instruments would

require special volumes for ech,
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1. STRADI CAUBS,

T

The application of strair gmres to the field of flirht testing
is one of the reocent developments of the science. At 'present, the
nunber of possible uses to which these 1:strunents may be nut is
inereasing ranidly. Although the direct fun:.=tiog. of the strain
gagge' is that of measurirg deformations, indireotly they cen be made
to transfornm such items asb conbrol forces, accelemtions. etc. into
electrionl quantities, Tho direct applications of the ghres has
been of pgrect benefit to structural research both in flicht end on
the ground and thelr indirect use has a great influerce on other
aspects of flipght testing, The vrimary vaiue of the stmin gage
is its speed of response. This is particularly truve of the wire-
strip strain gagc,.

Basieally, there are two types of E‘bmjn gares, the m‘ire-strip
end the mapnetic. Of course, strictly speaking thore are numerous
‘other types o;f" strair gages, but these depend on mechanically moving
systems for their indieation., Thus the :respc-;nse of these mupes is
naturally slower and they have few applications to flight tosting.

| Qe QP*R;%TIO?E |
The magnetlo gape depends for its operstion on varying
the pormeability of & magretic fiecld. The field is crented hy &
pair of electrompgnebtic coils placed so that their poles are in
opposide directions. 4&n armature of soft iron-is nlaced across one

end of the pair of ocoils with e given alr pep between the armture
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and the pbles. The points of attacment of the colls end of the
armature to the s%ruct*re to be studir d are 8 given distance apard,
usually one inch ir the unstrained condition, Any variation ia-fhis
distance, dus to st?aiﬁ, chances the size of the air gep end thus
ehanres thé'permsability and the flow of magustie curremt bétween
the eoils,

The operotion of the wire-strip strain mpre depends Gn‘
the éhan#a in_rasisﬁazce of a wire due to & change in ils cross=
sectlonal aren, The actual physienl avpeersnce of these paces may
' vé«y considerably, but their ﬂrlnazple of oo ra tion is the sume,

In peneral the garges are p?@p&r@ﬁ by eementing a length of fire

wire, usunlly about .00l inches in diametor, %o a piece of thin

pauvr with proper leoad wires atbached., In this way several mrouos,

as nearly alike as nossible, may be nrepared in advance. Vher ready
for use, the vaper which suvvarus the wire is cementad uo the structure

to be measured. Then any subs sequent charge in the lenpgth of the
surface of the structure irmediately undor the gmge res:lts in a

strotching or conbraction in the wire ard a esnseguent chazre in

cross=scction and In resistunce,

The nrineipal disad rtawe of the wiree=strip strain gare
is the diffieulty in ﬁa]ibrﬁtlﬂﬂ. Onee the rase has been properly
comented o e member, it is praetieally imwossible to remove it.
Thus the only mesns of c&librnting a2 pere of this sort is by cali=-
brating one or more representative gase or gmpes ard assuming that

21l othors of the same type ere identienl., The magnetic sare
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eliminates thié dif’ficul*cy but has oéher disadventepges. CGenermlly,
the magnetic gags does not have a "straight line ealibratiom curve”,
that is, a variation in length doss not cause & proporti'i.orsate cher e
in ourremt, No sa.\tisfactor'y reans of attaching the magnetic page
'has been found other than by means of bolte., This, of course,
means drilling the strueture, whi ch iz not usunlly ‘pemissible.
Also, becguse of its grenter mass, the wesnebic v"a;e is somevhat
slower in response than the wire-strip straix f;;a,'."fa. Tor these
reasons, the wire=striv gage is used more generally m £1ight toste

i’ﬂ.gt

b. APPLICATIONS,
The aotunl applications of the sbtrain mnre to the f£ield
. ?

of flirht testing are nearly as varled as the nunber of 3ompahies
maleding use of them. There is much opportunity for the excreise of
ingenuity bWoth in the method of ecburlly anplying the ppre itsalf'.
o the quantities Yo be weamsured end in the method of operating the
gage. It is inbended here only to glve an indication of a few
representntive apnlications aﬁd e genersl dg,scussion of the prineiplm.
of measuring the strain as indiecated by the gepges.

The mosd obvious use bof sbrain gares is in the field of
structural research., By the pfoper placing of the gages it 1s
possible either to measure bending and climinete any tension or
compressimm effects in a member or to msasure torsion or comprossion
and eliz;zinate any effects of bending., It was origivally considered
necessury to use a wmy fRES, wilch was cemented to an unstrained

piece of metal similar to that wder tost, to eliminate temperature
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effects from the strain readives, Hecently, however, the ingenious

i

Y .

use of Polsson's rotleo in the analysis of the strailn date has pere
nitted the application of 2ll four gages to the strainéd member
so that the sensitivity of the elreuit is inercased considerably
and tenperuture effecés arc at the same timo elimirsited. Strain
sages are also used in sets of three o a panel where neither
the éire&ﬁicn nor the magnitudie of the strain are known so that both
of these factors my beAdetermined.

| Structuwrsl investigntions of this sort, aside from their
research value are also very useful in structurel integrity demone
strations or bests. In these tests it is usually inten&ed~tﬁéﬁ the
full load factors shall be enplied to the eirplane in the final tost.
_Fhén the struéture to be bosted in this marmer is vitel, it is ose
pecinlly recessayry thet the full loed conditions be snproached
sradmlly, I strein measurements of the principel members be made
throurhout the series of tests, the effechs of the loads on the
members can be determined and the finol eondition ean be appromched
with more iitelligence gnd greater confidence, .
Anothef veory important asplication of strain gages is in

iv is

@«

the messurement of cortrol forces. Uy means of these mape
possible te measure seeurately and.@recisely the fprce which must
be applied by the pilot bo perform ary m&neuvef. It is no lorger
necessary bo use o pllobts opininn as & eriterim for determining

when controls ave too stiff or beo softy the actual forces can be

mnee

o4

ared and evnluated,
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‘One method for the measurcment of ocontrol forces is the
messurement of the strain of a member in a puah-raé system or of &
strain sample in a cable system. A more popular method ‘is that of
measuring the forces at the point of avpliecation. 4 speciel cortrol
wheel or stick is prepared with the strein gares on the spokes of
the wheel or on the handle of the stick so that the clevetor and
tl*lxe' eileron forces are separately measured, S{:rain gages are also
placed o- the earrier for ths rudder pednls to measure rudder forcess.
The latter method is esoecially po;mlar becauée the speecial cortTols

¥
~cen be prepared and calibrated and then easily transferred anong

different airplanes of thet type.

Strein gages neve also been used as posibion indicators,
To do this, the gagzes are s%;)].f.}.ead.r:n thin c&rztile'ver.strips. fixeé
or: one end and properly applied to the movable neumber on the other.
The resulbant str‘ﬁin. of the cé&x‘ailever strip in bending can then
be calibrated in terms of position or motion, By the use of a
cantilever beam in conjusction with the pi-o_pex: naes, strain roadings
mey also bo easily calibrated irn torms of acceleration. The whole
aécsleroﬁw.ete;r unit is usunlly immersed in some non-conductive
liquid for domping.

Ce LM&QU‘{'

SHT ARD RLCORDLHG,

Probably no aspeot of the use of strain gages is so varying
and is boimg so rapidly improved as the partieculars of the circuits

wizich are used to apply & voltase to the gages and to reesive and

internret the signal from the pege in terms of straine The geges
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are almost unlversally used in a bridge ‘ci reuit, but othér than 'th is
hardly sny similarity exists between the vérious systems.

| In the origimal method of using the wire~strip strein
'g;a;?_;e it we.s ¢onsidered necessary to increase or decrease the resise
tanoe of one arm to equal that of the strained am of bthe bridge

e

80 that no siznal was returred. %he change in resistance was then

noted and evauleted in terms of strain, This systen prasezai;ad

selvefal problems, Firsi;, it was generally rather tedlous to meke

this aé.justme.ﬂt merually and very compli cated to perform it auto '
matically. Secondly, the connections to the stralred arm had to

be carefully made to avoid introducing & varying resistance irto

the linc which would invalidete the strain readinss. Thirdly, it

wo.s very difficult to meke the measurements "direct reading". lHead=-
ings tf.a.ken in t’ns mermer were found to be capable of fo vl nore acouragy
than other corsiderations would wmrrant,

As an improvement over t'is system it wes found that the
sizral cculd be interprefed directly in terms of strain if the bridpe
were 'initial}_y balanced. This method is essertially accurate within
the limits ‘of the exllb}_riable strain of most waterisls. It wms also
f‘ound possible as desoribed previcusly to place all four arms of
the bridre at the é)oi.nt of st i;. This" elﬁ.miaw:bed qqach of the care
in yaking the connections to the pgages; the lines could theon be
Joined by ;:a.ble cornectors without fear of affeoting the strain

roadl 8, It has elso recently been found that by the proper selesction
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of .the resistance .of the gares and the sansitivity of the indicating
irstruments, it is possible to apply sufficient volta{;e‘ to the
gages so that no amplificetion of the retumiﬁg signel is necessary
before it can be mensured in terms. of strain. Theso improvements
have considerably simplified the strain memsuring squivment,

In recording the strains from structural integrity tests
‘or acceleration suf%reys it iz almost bmperative t}m{:. the date be
contiruously recorded. The frequency of fe‘sponse of the recording
elemerts must also be high because of the speed Wiﬂ1-m1021 the
sﬁm;‘ms rey be applied and even revirsed especially in the case of
high speed dives, flutter, ete. These requirenents practically
specify oscillographic recording, The popular method of recording
is by means of light beams reflected from galvanmmeters opto gen=-
sitized film or paper because of the high frequency response ond the
low incrtia of this type of recording.

For rscording stra;:x.zs fros other phenomena such as control
forces, positicen indications, ebe. ordinary voltkdieters either on
the pilod's instrument panel and/or in the sutomatic observer is |
i';he commonly used. This is possible because these strains are
usually present in a more‘or less stabilized condition and epntinu=
ous -recérdjng: is ordinarily not necessary.

de  STRAIY THDICATOR

A unique method of indicating strains has been doveloped

which is worthy of special rote. Although it 1s not an application



of the strain rarfes as discussed in this section, the simplicity

and usefulness of the iden male it very interesting., In this partie

"

culer application it was nob desired Yo measure the s’cre;ins accuratoly;
the orly rcequirement was that the pilot‘be notified when & certain
strain in compression was reached. It was found thut a micro-switch
would operate with & certailn deflection of the bubtor and that the
vayiations in the deflection reguired did nrot excend five thousendths
Aof an inel:, The micro~switch xrm.s; therefore, useful for the indica=
tion of straluns if the gage length were largze enoush to mﬂ*e Uals
arror negligible,  The switeh was fastened solidly to the member at
omne s’)ot nd a rod of adjustable length bearing on the operatin
button of t‘né switeh m‘s fastened to the menber el snother snot a
for luches awvay. The length of the rod wes bhen adjusted so that

the required cospression in the member belwoen bhie two points

of attachment would oporate “the switch., The switch, in turn, oper=

8
<
a
Pa
I
¢l

ripger cirouit which coubtrolled a light in the cockoitb,

The civeuld was such Gthat the light would remain on until the cir-
cuit wos rocset by the pilot. An installotion of the switceh and the
rod c¢an be scengdn Fig. L |

2. TECTRUOCOUPLES

I

o

is froguently necessary to measure temperabtures during the
progress of flight tests. The most couvenient mears of memsuring

those temperatures is by the use of themoccuples,
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The operation of a thormoopuple depends on the fact that if
two wires of dissimilar metals be joined at one ond to form a
junotion, en electromotive force which is & function of “the tenpera-
ture of the junction will be produced et the other ends of the wires.
This eleotromotive forcé is extremely smell, a few millivolbs; thore=
fore, the caémections in the circuits and the measurament of the
electromobive foree rpust be carefully wade to prevent errors.

In the usual aaplicaﬁ;iOn of this principel, the voltage and 'i;hereb;‘ri |
the temperssure of the junction to be mensured, the "hot junction',
is compared with thet of az's‘other ju;nc*tim which is at a lvown tene-
perature, ’The temperature of the reference junction is usually
obtained by immersing it in welbting ice, thus it is called the

"eold junction®.

Differert combimations of mewals give different curves of
voltape vs tamperature. For nost of the usual ‘ecombinations used,
e slectromobive force in millivolts is éirestly proportioral to
the tempersture o:f.’ the hoi; jimc*&:ion if the temperature of the cold
j\ﬁction is held cm-sbaz:;\t.v Some of the metal combinations cormanly
used in thermoeo;zples esre; copper-constantarn, iron-constenten,
alumel=chromel, and platinuwa~rhodium. The selection of a propor
meﬁal to be used in a thernocouple depends primarily on reguire=-
nents fors

(1) temperature range Tor which it is suitaeble

(2) a maximum of electromotive force
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(3) a minimum thermocouple electrical resistarce

(4) = smouth, ‘s‘braig!rb calibration curve

(5) e hiprh reaistance of the netals to corro‘ion. oxiciﬁ:bic;‘z,

reduction ard crystallization. . i

The iron-constantan thermocouple is the most cormonly used becsuse
it satisfies most of the above reguirementa snd in add'itiozz. it is
strong, roadlly welded, and does not conduct heat readilv,

The electromotive forece géz;erat vy the thermocounle is
‘usuelly indicabted by wmeasuring the amount oi’ rosistance which is
required to reduce it to a given standard value., This moy be done
manually by means of a pood calib;mted cotentiometer or sutometically
by & Brown Recorder. The wicdcspread use of the Browm Pecorder in
the field of flight testing rnecessitates at least & brief corsidera-
tion of its features, The basie element of the Brown 'ecorder is the
self~balanecing potentiometer which avtometically memsures the
thémocouple vol’w:ge and positions & mrker so that the terparature
is recorded on a chart. The i-mstr\m‘en{: is ecapable of recordirg the
temperature of 144 thermocouples in three mirutes with an accumcy
of * 1/4% of full soale, The neaguring cirevit consists of twelve
a.s.ztoz&ztic switches, each co treolling twelve thermocouple circuits,
Yany companies mkebxtensﬁe use of this instrumert, but few he.%e
been able to reke muéh improvement on its operntion.

One tyne of thermocouple which hag almost become standard

is that us ed in measuring cylinder head temperaturss. It consists
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of & thermocouple imbedded in a ring which fits uﬁnder the spark plug.
A:zfa.oth,er type, S‘.’or measuring. cylindeér base temperstures, are usually
installed by the éngi-ne mnu;f‘a.cturérs when the engine is built., Fig.
2 shows a third type of themsbupie which is an example of that
which is widely used in ecertain installations such as fuel temperatures,
oil temperatures, ete. WUsually, in the ﬁeasﬁreme’nt of the t';érﬁperatures
of gmses such as the air in ducts, exheust gases, etc, it is usvally"
necessary to prevent rediation from affecting the bemperature reade
ings, This is esg;éaiélly true .men the temperature of the duet is
vory different from that of the sms. To reduce thé sffect of such
rediation a shielded theorrmocouple such as 't}w;,:f; shown in Fig. 3 is
used, |

The thermocounles whioh have been developed for the nzeas§ro-
ment of outside air temporatures deserve special attention. It is
necessary that, for this puréose, special shiclds be designed to
érotect the thermocouple element from the sooling effect of the
fron shy shrean st Teon e heatirp effects of the direct sun's
rays and th§ impact of air on the moving thermocouple. Several
temperature "bulbs" or "probes" have been develoved to perform |
this funetion. The most effective of these temperature probes has
been the “Franz" type an exumple of which is shown im Fig. 4. This

probe is designed to meesure the adiabatice-compression temperature
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of an sirstream. This ixformation together with a Imowledpe of the

static and total dynamic pressures of the air stream can be u.sed

to determine the ‘cezf:peratu.z;e of the free air strean. C;’ilculr-}.tions

based on the assumption that the eir flow does not separate from

the divergent wells of the orifice at the front have indica.ted that

the effect of the finite velocity of air past the thermocouple is
neglipgible, In fact, in actual tests on a modified probe of tiis

| types, it was found that 98 perc&nﬁ to 99 percent of full asdiabatic

expension was obiained at sea level with only slié;h’ciy legs perfect

expansion a.f }_zig;her altitudes,

3. PRESSUDE MUASURFMGEHTS

~ The simples‘a method for measuring préssures, is of course e
tube open to the air flow. Th.is mét’::od is used in préssure "rakes™
or "Christmes trees”. These are special names given to a;z'ra::gements
of the pressure heads ‘to measure certain pattorns of »rossures. The
sinple open tul')es are practical for méasuringj dynemic plus static
pressures when the speed of the airstrean with relution to the tube
is sufficliently great. If the dypemic pressﬁre is not larpe enough
to mke this sort of Ahead practicsl, another desiggm must be employed,
A sketeh of the kiel type of pressure head which increases, the veiocit&

of the air at the entrance ‘oi‘ the "bubé;. by means of a srell venturi
is showm in Pig. 5. This type of pressure head is usually used in

duects, air exits, 6étc. where the velocity of the air stream is come.

paratively low,



The most ;,cmerﬂl application of pressure messurcments on aire
emft are those which operate the airspeed indicetor, The standard
pitot=static tube is widely used for this purvose. The total pressure
es detected by the pibot tube is generally rather accum"ce; the
groatest error resulting from the sangle bebtween the axis of the
*i:ube and the diroobian of the relative wind end this angle is uswelly
rather smell, The greates‘!ﬁ ervor in the alivspecd systen is in the
measurement of the statio pressure becsuse the pressurc at the static
holes around the outside of the tube is inereased 61’ dec eased
appreciably by even a small angularity oi“ the tube, Tie shall here
comsider som.e elternate nethods of detecting the static nressure,

&, One methoed of measuring the statice wressure accurately
is by the use of a "trailing bomb" which is essentially an alternate
sta‘éic source towed by the airplane st a distance great onough %o
insure its being oubside the disturbances caused by the éiz‘plaae.
This method has been successfully used up to speods of 250-300 M.P.H.
Above these speeds the cable or tubing which supports the bomb and
trarsmits the pressure begins to "whip" arnd becomes wmarngesble,
Wind socks at intervels slong the cable may reterd such motion
somewhat,

b, Another static source is the "swiveling static" which
has been used with some success if tie installation is carefully
plenved. The swiveling head must be placed outside the ;air'plane
disburbances and 1f the dota are to be very mccurato, the hend must.

be calibrated.
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¢, It has been found recently,; that a static orifice which
is essentially a pattern of smmll holes properly placed in the side
of the fusslage, provides & very effective source of statie pressure
which is praetioally free from error especially tlgat due to spsad.
The operation of this "fuselage static erii‘ioé“ is due to the pro=
‘sence of the bowndary layer of still air irmediately on the surfaoce
of the sirplane, It has been demonstrated by {light tests that the
position error of a properly desirned fuselage sintic system is
uneffected ‘t;h.rbug:hout the rarge of Mach numbers normelly encountered.

“The airspoed indicator is used to indicate the difference
between the tobtal or pitol pressure due to the airspeed and the
static air pressure; however, ir other installetions, airspeed ine
dicators are sometimes used to indicate various other pressure
differernces, HMore frequently, the total pressures or the differences
betwoen the total prossure and the static pressure for waricus. test
installations aro indicated on manometers. Several of these menoe |
motors, Por a series of pressures, my be arrenged in a benk and
phofographed. Quite a veriety of iiquida have been and are used in
the manometers, but many ccmpén'ies-"now use acetylene tetrabromide
which has a' specific sravity of e.pprox‘imtely‘ three (3). A liquid
of this density pormits the use of & size cf manometor which, for
the usual range of pressures, is & good sompromise between accuracy
of readings snd limitations of the allowsble size. In speciai condi=
tions it is more advantageous to use pressure ga;_;e.s, of which there:

are many types on the market, rother than the manometers.
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4. FULL FLUY 'TASUREUENTS

Generally, the stendard fuel {low meters are not sufficienﬁly
accurate for use in flight tesbing, Most commerocial flcw ind:tcators
have been found useful when the totalizer is used to :z.rdicat.e the
total amount of fuel used but the continuously mdicatmp poirters’
do not seccurately indicate the rate of fuel i‘low.

 Somoe other means of measuring fuel flow is, therefore, necessary.
lost companics meke use of the “cal‘ibré‘bed ean” method of measuring
- fuel flow. There are many variations in ﬁhe' specific equipment used,
but fundamentally the method consists; of measuﬁng the time necessary
to consume a given amount 'c,;f fuel. A .k:nom guantity of fuel is
carried in o mawll tank and the time required for the fuel to pass "
two specific points in he tank is memsuwred. The tank is ®necked
dowm® at these two points to facilitate the time measurements,

In the photogreph, Fir. 6, is shown me of the nore slaborate
ingtallations for the simultaneous or separste measurement of fuel
flow to two different engiz}es.‘ In this illustration the contaliers
are oylindrical and are @de of tra-sparent plastic with the level
indicators inside the tank. The handles for i‘illiﬁg; the tanks and
those for introducing the fuel from the tanks into the supply to
the engines may be scen in the lower part of the picture.

A metallic float within the tark was used in one installetion
td vary a mgnetfio field and operate an electric circult which autom
ratically timed the fuel flow. IHowever, this system has not yet been

'

perfected and was used with only limited Success. One of the pitfalls.



to be avoided in e operation of this equipment is that of sticking
of the valves, This can be espeé'ia.ny "dnngermzs in the casé of the
walve which shuts off the flow of fuel from the reg;ular' tmanks and
draws the fuel suvply for the engines fram the measuring tark,

In one instance such a stiekingof this valve almost caused the
crash of the test airplane,

8. ACCELEROMETIRS,

\

The measurement of accelerations is. oné of the most impor%&nt g
requirenents of f‘light {:est insfnmentation and also one of the most
' diff.‘ic\ilt to perform accurately. 'It appears that a {;éod accele rom=
.me'ber has not yet been éevel oped.

A good aéoelercméﬁ;er mustb be essentially si ple, &Aoceleras=
tion itself as a quazz*_tity is assentia.lly simple and usually well
isolated but it may vary widely in frequéency and amplitude. Tor
this ‘_.reason the frequensy resposnse of the acceleraneter must be wide,
but the motion of the measuring system must also be caz*efuliy damped
to give the proper readings and to avoid "owver shooting®.

The vigual accelergmster is exters.siveiy used as a coclkpit
instrument, but it is bardly useable where accuracy is desired,

The mounting of this instrument is very critical &é vibrations may
make the irsitrument ineffective especially with regard to \‘;.he poirters
which indicate meximum positiva snd meXximem negative gocelera‘aions.

The V-G recorder, an acceleration :_‘ms“crtment developed by the
-}?!A.CA; is frequently used to make acceleration measurements during

tost flights, The vecord of accelerations versus indlcated airspeed
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is @de on & smRll rectangle of smoked gless by a stylus. The stylus
is moved vertioslly hy sccelerations and alang a horizontal arc by
é‘ differential between the pitot and steatic pressures. "The instru-
ment is very simple; completely aatcmntzic.ah& can be very acourate,
It ls calibrabed by acturlly eapplying to it known accelerations, on
va rotating table, and sinultonecusly applying pressure differentials
corresponding to certain sirspeeds, If the instrument is used within
a romsunable time rﬁ.‘ its calibration, is properly 5:astallled, on a
part of the primmry structure,.A and is properly damped it can be
very ..accura"‘se in the measurements for whioh it is intended. However,
the scope of these measurements is limited, prmei@ally by two factors.
First of these factors i_# the absence of a time roference, Since
airspeed is the other sxis, the.correlation .of any particular acceler-
ation with another function cr. occurrence sxcopt airspeed is very
dif‘f‘icult:. | Secordly, the response to higher frequemey accelem‘biqus
is very' erratice The frequencies which are encountered oven in ‘
~ landings are high encugh to make the instrument "over shoot®, In
this cormectiom, the guestion has also erisen as to the accuracy
of the Ve( recorder in sudden appiimtions of acceleration, such as
might eondeivaﬁly‘ develop in quick "pulleouts", sharp-edged gusts, :
ete. However, this instrument has been extensively used in structural
. integrity demonstrations, and in pust ré;e&rch and has well proven
its merit for these applications.

Another type of accelerometer which ;‘.s now being developed

wos discussed in commection with strain gapes. This type shows rmch
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promise and it is possible that a complotely mtisfnctojry acoeleros
moter may be developed along these lines,

8. ATPITUDE ISSTRUMENTS.

It is nocessary in many ‘bypés of flight tests to icﬁow the atbie
tude of the airplane in either piteh roll or yaw == occasionnlly
all three. The usual method of memsuring the pitch,.zjoll, and drece
tion is by means of the standard gyro instruwsents,.

The directional gyro or gyro-compass indig&tes the dimction
of the airplane with respect to the earth but not with respect to
the relative wind as is usuvally required. One very populgr method
of meesuring the latt§r- is by means of a yaw-meter. A photograph
- of the vene of a vaw~noter is pmsemted in Fig.. Te "The movenent
of the vane moves the armature of a selsyn btramsmitteor which operates
an indicator in the‘airplane'. It is necessary that the vane be 80
placed s to be waffected by eny disturbances wﬁich may be caused
by the airplane, If réquired,this installation can also bé made to
| indiente angles of atiamck,

A new "attitude indieater” is now underpoing test by oume of
the instrument companies. This indiegtér cornsists essentially of
a gyroscopleally conbrollsd sphere which is free to rotate about
any axis, Thé sphere is thew calibrated to show the position of
the airplane. The detalls of this instrument are :ot available as
the instrument is still in the developmentel stapge.

7. ‘TORQUEUETERS. .

The develorment of the torquemetor has probably been the most

beneficial sdvarcement in performance flight testing in the past



decade, .;tAPTOViGGS a method of measuring ﬁccurately the power
being absorbed by the propeller wﬂioh waes8 previously estime ted by
a camparisor: of tiwe mﬁnifold pressure end the engine RP? with the
engine charts, This estimatioziv'iséé@d on the assumption that the
engine wag operating the same in fhe air é# it had in ground tests
was uswlly inacourate,

The principel of opembtion of the torquemetor is that of monsure
ing the reaction of the propeller torque on the reduction goering
in the engine. This réactien is converted into & pressure and trange
mitted to & gape. This gape may(be located in the cockpit, engineor's
sﬁatian, or in e photé-recorder. However, in tests of multieengine
eireraft it is ﬁeoessary Eo transmit this pressure through the wing
to the fuselage. In high altitude testing especially, thé low
temperatures may cause the staticnary‘oil ir these lires to congeal
giving false torgue readings. The ususl method of re%edyimg this
condition is to pump kerosene into the line until the oil is foroced
back into the engine odméartmant where it is hoeated. !fowever, ancther
solution to the problem is to use & short pressure line in the englue
conpartment,where the terupernture is above freezing, to transmit the
pressure to a selsyn transmitter which is located in the rear of the
engine ooﬁp&rtment; the electbric signal is then trarsmitted to ﬁhe

selsyn indicator in the fuselage.

8. AUTCVATIC REGORDING,

Some difference of opinion exlsts concerning the relative

r

merits of manuelly end automatically recorded date. The value of
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mnua.lly reearded data lies in its aveilability for immedmte use,
Most automatically recorded data require same sort of processing,
and transeription. However, the ease with which & greater amount
of date may be reoor}aed automatically, the reduotion in flying time
-and the elimimtiqn of a certain amount of "persomal error"\fa_r
outweigh the advantages of menual recordisge +hen date is recordéd
manually by either the pilot or the erew simulteneously .with antow
matie recording, it shoﬁld never be’ interpreted as more accurate
then that which is recorded automationlly., This, of course, assﬁiues
thet the reliability of the instrumentetion is the same at both
stations.

There are many weys of au’comtic;ally recording datn, but essene
tially ‘t:he-re are .twa methods in common use! chart recording and
photographic recording, ' Chart recording is veory useful where con=
finuoue records are required and 1s otherwise used occasiorally in
co.&xecﬂon with selective recording. The DBrown Temperature Recorder
is a good example of seleotive or iﬁt@mitbent chart recox;ding _wheré
the data are recorded an the chart es the various tzlarmocouplgs,:gre
successively switched into the cirouit. The primary value of charb
recording is in its irmediate availability for usej thé true chart
recordings require ;o processinges Dxamples of continuous chart
: recorcii.ng as used in flight testing are the flight analyzer and the
‘barogmph; A reeént advancement which has improved chart recordiz..ig;
is the development of "toledeltos" paper or which the mark or trace

is made by a high voltage arc from the pen or stylus bo the foil
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becking of the paper itself. The use of the teledeltos paper ‘na;;

two edvantagess pressure of the stylus on the paper is unnecessary,
which reduces the frictimm in the indicating ayste;n end the og;e'mtim
of the recording system is improved rather than destreyed by altitude;
The use of sensitized paper or film as a means of recording is

sort of a hybrid between chart and photographie recording. This
type of. recording 1§ used in many oscillog,m'g:hs and its applicaﬁion
wes discgssed in cozzn:ection with strain gages.

True photographie recording is fhe method most widely used in
flight testing at present to record data sutomitieally. In this
method the instruﬁant readings are photographed directly. The popu~-
larity of this sybtem 1s primarily due to its flexibility end the

ense with which standard aireraft instrumente may be utilized.

f, CONSTRUCTION OF THE PHOTO=HECORDER.

The design of the particular ohoto=recordsr must be made
to suit the specific conditions; the type and number of the inw-
struments to be phobogravhed will of course, depend on the type of.
test, %he physicel characteristics of the photo-recorder will be
determined by the location and ‘che' eirglare in which it is to be
installed. If the spece and weight restricticns are liberal, size
of the phobo=recorder may be a minor problem. Howéver, if tiese
restrictions ere considerable, such as 1s the case in a fightor
airplane, the problex of the désign of the photom=recorder is more
conplex, One common m@thod.of reduciﬁg the size is thet of using

. a mirrox to reflect the Imege of the instruments into the lens of



the camers. This servés\to increase the field of the camera withoub
‘zmreasing the length of the recorder. Several ,,wctuxes of photo~
recorders are presented, The photopgreph, Fig., 8 shows a photo~
recorder in which the mirror is inclined bo the plene of the lens.

This phoﬁogfaph is easpeoially interestiﬁg.beeause it shows en ine
stallation which was par’cioumz-ly difficult. Due Yo spece linitations,
it was necessary to mount the recorder on_tﬁelgun mounts in the wings

Figs. 9 and 10 show exterior and interior views of a
photo=recorder which makes use of a mirrer parallel to the plane
of the camers lens. In Fig. 10 the curved instrument paﬁel can be
seen, This is en effort to roduce the parallax in the reéding of
the inétruments along both edges and to improve the foous on these

s trumonts,

The arrengenent of the instruments m the .ins‘brument panel
is another feature of the éoﬁstruetion cf.the nhoto=recorder which
‘should be given consideration. A convenient arrcigement of the
1rbtrumenué in groups can grocily reduce thé gffort required o
analyvze the recorded dnte, Two photographs'of instruaent ponels
are presonted to illustrate the grouping of the’imétfuments. The
white lines, in geneoral show tﬁe groups of instruments. In the
protograph, Fig, 11, 3he instrunents in the uppér left are oll and
fuel flow and teﬁpernturo iretruments, below these are oil and fuel
pressure insbtruments, the lower row are boost preésures, and to the

right ave- mlucellaneous £lirht end engine inatruments. In Fip. 12,

the instrunents to the left of the white line are errins tachoneters



:96f

in the first row, manifold pressures in the second row and position‘
indicators in the next two rowss the instruments on the bottom row
are torque meters; and those to the right of the line a}e niscellan=
eous instruments,

b, LIGITING,

The lighting of the instrument panel of the recorder is
criticel and must be arranged carefully. Refiectsons of the lighting
‘of the instrumert panel mey easily ruin an otherwise good instnlla~
tion. One of the simnlest means of ligﬁting the panel is by overall
lighting which is usually done by the use of fluorescent lights,
However, this is also one of‘the-eésiest wows to intraduce glare,

Fig. 13 shows a mild case of glare ﬁrouble on four of the instru-
menté. The pﬁotograph Fié; 14 shows an exanmple of individusl light-
ing for each instrument. Althsiush very effob%ivé, this systenm is also
mére difficult to coustruet, This photosra-h and thet in-Fig. 15 also
show the open type -of construction. This opeﬁ construction 18 much
mOYe oonvenienﬁ and may be used when 'light from other sources is

not biable to affeot either the glare or tﬁe exnosure of the film,
This‘ﬁype of photo=observer is very nragtieal 1f it can bé ageds

the instruments, lichts, and other comnonent parts are much nore.
readily available for servicing than in the closed twpe of conw
struction,

Cy CA?ERA.

The camera is a very important feature of the photeo=:bserver.

Some corpanies have been able to secure suiteble standard electrically=

driven motion picture cameras and adapt them for use in the recorders.



wG T

Two photographs of one of these cameras in different instellations
are presented in Figs. 16 and 17, The principal alteration is pELS
velly in the moﬁemen%. It is necessary that the speed'of the camere
be controllable through a gremter range then that usuvally awailable.
The common speeﬁs for the cameras iln the photoerecorders renge from
one picture every thirﬁy.seconds to normal ocamera speed. Some
cameras also need an incréése in aymilable iﬁlm.fottagé. This factor
;dll be.determined by the mature of the airplane and the teats. The
actual,length of film required is largely & matter of judgemeét and
éhould be estimated on thg besis of the duration of a.aingle flight
and the number of fests nofmglly conducted on & single flight, In
this conmection, it has been found advisable to run the photoe
recorder at a_slow speed continuously throughout the”test flight
allowing the operator to increase the camers speed when a test is
being run. This poliey'will‘tand generally fo’impfové the date by
giving o continuoﬁs record of the functioning of the eirplane before
and after as well as duriﬁg the fest. An ordinaryvlens apersbture

is usuelly satisfactory because the intepsity of the ligzht and the
.type of £ilm can be adjusted £ suit the conditions., The focus may
be critical if the space requirements are very stringent, bub this

is not usually the case.

"de  CONTROL AND CORFRLATION,
The controls for & photo-recorder will wvary considerably
with conditions, However, staﬁdard control boxes have been developqd,

by some éompanieﬂ to it their usual needs and if sdditional corirols
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- are nocessary they are added aepartte from the conbrol boxes, The
vhotograph, Fig, 18, shows one such box for the contrel of one re=
corder, The controls showm on the boa'c are self explansatory. In
another organization where larger airplanes are usually tested and
more than one recorder are usuai].y installed, a ‘mulﬁt‘/_ple control
box is required. Fig, 19 illustrates a multiple control box which
elso contains controls for a Brown po’cexi-tiometef.

The correlation and idcm*t:ifi cation of any single piocbure
is a particularly importent problem when more then one recorder is
used, This was first a-’ctempt@d by the use of very acourate elocks,
but even the best clocks did rot perform this function satisfactorily
especinlly when the flights were of long duration or if the pictures
were talen in quick succes'sion. To provids the necessar’ correlation
betv reen the different records the verious photogrephs ere usuvally
numbered conseéutivolv. This is accorplished by mears of & comﬁer
4 which is edvanced each time n*emre ig taken by any or ell cameras.
This number is also reproduced on the control box for the correla=-

- tion of eny notes which may be taken by the engineer or the pilot,

In o'mnmc"c'lcm with the ocontrols of the photowrecorder,
wo might also coxasidér briefly the more é;erzéx;al agnect of the come
plete flight teét engineer's station. This Bubjeet is of vartioularly
importence in the large almlmc*s althouﬂ:h it me¥y be considered
to a much lecxs extent in tha arrsmgement of the fl1i L",h‘c ’GCS‘L controls.

and instrimentetion for the nilet in & sinrle=seat airplanes For
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purposes of this discussion, only the 19.&ge‘r » multiplace eirplanes
will be considered. The primary consideration in the arrangement

of the enginwer's éﬁation is the convenient location §f the controls,
instruments and indleators., Two photogmpha are presented as exe |
amples of two very good instal_latiéns. Fig. 20 is an engix’xeex‘;’s
station for the tests of a medium bomber whers only one engineef is
used. The strip across. the upper right-hand cormer is a writing
table which folds dowﬁ for the convenienc:e of the engineer, The
photograph, Fig, 20, ill_]_,:tis-’crates an engineer's station in a larger
airplanc., Positions folr two engirnsers were provided 'inr‘c‘zze installae
tim. A legend for the identifica'tion o-f' the varicus components

is proviﬁed.

e, PHOTOGRAFHING THE AILPLAND,

Tn some tests it is impossible to éeoure sufficient in-
formatlon concerming the f.‘imc*’ci.oniﬁg of the'airplmne by conventional
instrumentation, .Occagiomlly, photograshing various. parts of the
airpls'uzc is the solution teo this problem. Camerss are mounted on
the airplane and such items as wing‘;s, stabilizers, elevators, otc.
are photographed in flight so that such phenomena as flutter or
air flow (bv tufts) can be siudied. 7Fig. 22 illusiratus one in-
stallation of & camera for the‘stu v of the empénnu;j-e of an airplane.
The camera ;is nounted inside the 7uselage, out of the airstrean and

the emponnage is photographed by means of a mirror.

fo . RADIC TELEVETIRIMNG,
A recent line of improvement on the art of flight testing

has been the trarsnission of test date to the ground hy radio,
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Three reasons een‘be assigned for the necessity for this type of
equipment,
1. On flights 'of long duration it is coz'zven‘i;m.t to have
the date on the ground as soon &s possible, especially
on important tests, so that the dai‘;a. can be analyged
partially, et least, and the remginder of the test
scheduls be plenned or consldered with- the lensgt amount
of delay,
2. On especially hazardous teats the loss of the airplane
would not mean the completo loss of data which, bocause
of tﬁe failurg which caused “the erash, might weli be
imluable; With other means of recording, the loss of
the test eirplane, aside from the cost in time, personnel,
and mongy, often means the loss of data which might show
- the reason Tor the orash and any othe;' date which may have
been collected on that flight.
3. The progress of the test may be charted end eslcue
lations made on the ground so that the pilot may be
informed of the progress of the test. This might prevent
acoidents and should acoelerate a test progren because
it would not ;:han be nocessary for theé pilot to land %o
see how the test is going. |

9. EQUIPWYT FO: TAKR=QFF AND LAWDING TESTS,

One of the most frequent methods of meésur.?ng toke-off and

larnding runs is by means of an adapted motion picture camera, The
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camera is adapted to photograph a stop-watch and the airp lene

simultaneously. In this method flags or rmrkers ere usually spaced
along the rumwmy to mark off units of distance, A variation of
this particular method is the use of a recordi g theodolite., A
theodol ite which has been rirsged with a means of recording its
axirmuth and deflection is used te follow the ai.rplane. A conbinge
tion of both of these methods and an improvement over both is th
use of the photo~thoodolite. A phobtogranh of this instrument is
preserted in Fig, 23. It corsists essentielly of a cameora which
photogravhs the airplone at careifylly controlled intervels., As
each n‘:zoté{:mph is taken, a pgrid which is calibrated both in hori-
zontel and vertical distance, is supori-posed on the picture. The
grid is actually statiomary within the instrument and the photo=
rranhs are talren 'bhr.aug:h it.

In anv of these measurements the loeation of the instrument

1,

with respect to the runwey must be loown and allowances must be

made in the analysis of the data for the varlation in distence

from the camera to the airplane, For the Army the important ree
quir?zmnts for ﬁg}:e-off tosts cmicern the distance to clear a H0-
ft. obstacle while thet for the “avy oo cems the voint at which the
eirplene leaves the ground. The distance to clear e 50={u. obstacle
1s relatively easily measured by wears of the comora, bub it is

sonewhat more difficult to dete mine the actual point where the aire

plane leaves the ground. Therefore observers must be stetlioned
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aioz'gj_ the ruawey td note ard mark this point,

One method which has been used sucéessfully on & large airpisne
to perz"ofm this function is that of using a smell wheei. rolling
on the ground to indicate the point at w}'x_iefx the wheels lecave the
gi‘omzd. . .

Te larre airplane happened to have dual main whoels and the
small wheel was located between these. The centllever beem which
carried the wheel was vhi.nfg:ed to move in the vertical plane. As
the airplane left the grownd 'b}:;e wheel dropped_ siigh’cly breaking
an elecktrical contect, This wheel was used further to drive a

tachometer generator to indieate the ground speed and & revolubion

counter which was calibrated in feet to measure the take-off run.
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TALLATICE, AND JALUTEDANCE

Co Il

The instrumentation installation will bo dif‘férez'zt for every
type of insbrument and muct be given separate attention, This my
bé groatly simplified by the preparation of an instellation manual
as previously discussed. This is especially valusble in the training
of new mechanies and even for the guidonce of exporienced nen,

The instmllation of the instrumeniatlion accessories oa:n hest
be performed during the construction of the airplane. Such items
as pressure lines, wirling, ete. can be easily placed in the airplane
during its construction if the instrumcotation has been planned far
enourh -in advance, This will greatly sirplify the instrumentation
problem, The instrumentation should be checked before every flipghts
this is usually performed by t}w;e line erew in accordance with an
instrumentation check-off list as discussed in Part I. Some came
panies require that the photoerecorder and any other recorders which
mey be instel’ed, be opem‘ted during the grouwnd rm up. This length
of f£ilm is then quiekly developed and exumined before the check=
off list is "signed off".

If the data analysts 7ind any deta which is questionable, this
fact should irmmediantely be brought te the attention of the instrue
mentation enginresr. The manually recorded data rmaf,r also serve as
a check on the operation of the instruments in the auvtomntic obscr-
ver. Tach irstrument which is not direct reading, should be plainly
rarked end instruments which are iroperative should also be plainly

marked, usually by a cross of white tape on the dial.
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De COHCLUST

In conclusion of this discussion it is obvious thet the problems

of the instrumentation ensginesr are no many end varied. BDesides a

L% A
thorough Imowledre of the instruments with which he works,; he nust

2lso have comprehensive mowled;re of the phenomens which he must
moasures. o rust be faniliar with the werious techrical subjects
such as acrodysanios, mechardcs,electranies, structural analysis,
ete., and he nust be able throurh personal experience to evaluate
the various ideas and to sclect the wmost practical for his perticus
lar purnoses., Tany other personal atiribubes are required to make
a good instrumentetion engirecr. Probably- the most innortant anong
these 1s infgonui.'t.y.. Jeny problems whioh mpy be ccnfron’ced dedly

» be solved by the inreneous applicatim of elemertary principles,



Ze ILLUSTRATIONS,

Pig, H

10
11
12

o

Q P

14
15
16
17
18
12
20
21
22

23

24 & 25

f

-105-

Strain Indicator

Thermocounle

Quadriyle-shielded Thermocouple
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Fig. No. 1 Strain Indicator

Fige No. 2 Thermocouple



Fig. No. 3 Quadriple=shielded Thermocouple




74

i /

NPT
N N 3
\" B
SR ‘
NN
¢ 4 l‘g‘

B

. zf-‘ir_z
: \_“

A..;...sx\\‘

Fig, Wo, 4 Temperature Probe




No. 5 Kiel Pressure Head



YLLELL]L

LVE L PR




Fig, No, 7 Yaw Yeter, vane
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Fig. No. 8 Photo=-retorder, Wing Installation




Fig., YNo. 9 Photo-recorder, exterior

Fige Yo. 10.Photo-recorder, interior
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Fig., No. 17 Photo=recorder, Yanometers
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11T, TUT'RE TREMNDS

A, GIZIERAL,

- The develomment of the art of flight testing appears to be
motivated by the following prirary factorss’
l, The importénce of weking flipght testing nore safe,
2. The design engineer's need for reliable, fulle-scale date
on air loads and ground loads.
3¢ The necessity of reducing the time required and the amount
of flight testing needed to apvrove an aircraft aftor the
prototype is construc‘beci.
4, Post-war financial consideratiors which will probably de=
rand a oonsideraﬁle reduction in the cost of flight testing.
These factors are obviously interrelated insofar as their effeots
on the art of flight testing are concerned, However y their influence

appears to be causing two significant and important trends.
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B, IUN DEVILOPYENT OF INSTRUMENTA TTON..

The irstrumentation of flight test aircraft is repidly becoming
nore comploete and more comprehensive, Ins i:rwnentatim‘ is now availe
able for warning the 'pilot when near-critioal louds aré being en=
countered in *;arious structural components of sn aireruft. Jevelop= '
ments in the use and application of these andéimi];ar ir:stru.ments
will undoubbedly make possible reliable {lirht test checks of theoretyical
calculations of a.ir and ground lm ds.

Sore work is being done on the devel pment of instruments which
Wiil irdicate "reduced" date. Tor exarple, & torguemetor pressure
ruage and a tachomoter might be oombined into a single B.7.P, ‘In-
dicntor. Any trond in this directior will greatly roduce date row
ductior time and will be worth while if it does not gomplieate the
irstrumentation problen too much.

The developmert of redic telemeterin; and reliable radio coutrol
of the test airplane shouyld be of great value in flight tests for
structural inbtegriby. Rﬂdio ﬁolaraeturing;_ alone will probably be !
very useful in reducing the size of the crew reguired for f£1lishi
tests and in ??&L:i.ﬂ,{f; the date aveilable on the ground while the test
flirht is still in prog;'reas. |

fadieal chenzes in the :':-a.tuz-e of airernft ill probably require

. £
dif'ferernt forms of instrumentaiion to evaluste new design features

and to measure hicher ranges of perfommance,
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PATreY RITRICPTONT Oy O Tanm o
DR B IE ARtV TIOD OF FLIGHT

Tlight testing is ranidly becoaing an Importart tool in the

hands of ths desipn enginecre Many now designs requirs very little
flight testing because new fentures arc iastalled on older sircer:f%

>

and proven in the air before the prototype is compliteds Dosign
diffieulties are thus elimirnted while tho probotype is under desipgn

and constructiom, rether than after it is completed,
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